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ABSTRACT 

 
Ambient fine particulate matter with diameter 

less than 2.5 2.5) is a cause for concern 
largely due to its negative impact on human health. 
This study evaluated the research on PM2.5 using a 
bibliometric analysis of published research from 
1999 to 2014 based on the Science Citation Index 
(SCI) database. We presented the publication 
indicators in PM2.5 research, evaluated the research 
performance of countries and institutes and analyzed 
the research trends and hot topics by statistics of 
keywords. The annual number of research outputs 
grew from 118 in 1999 to 1262 in 2014, although 
there was a decline from 2008 to 2010. The USA 
contributed the most publications (36.0%), with the 
US EPA, the Chinese Academy of Science and 
Harvard University being the most productive 
institutes. We also listed the top journals that 
published the most articles on PM2.5 and the articles 
cited the most in top20. Keywords analyses showed 
that the chemical composition, source 
apportionment and health effects of PM2.5 are the 
most popular topics in PM2.5 research, followed by 
size distribution, pollutant diffusion and GIS 
techniques in the spatial simulation of PM2.5 
concentration. We also carried out national and 
temporal analyses of keywords. We further analyzed 
the emphasis and trends with respect to the popular 
topics and listed typical research results from across 
the world. 

 
 

KEYWORDS: 
PM2.5; Bibliometric; Research performance; Research 
orientation 

 
 

INTRODUCTION 

 
Fine particles with an aerodynamic diameter 

less than 2.5 2.5) are of concern largely due 
to their significant negative impacts on human 
health, which has been associated with human 
morbidity and mortality [1,2,3,4]. Fine particles are 
respirable, with the ability to penetrate the lungs and 

reach the alveoli [5,6,7]. Compared to coarse 
particles, fine particles are smaller in size with a 
larger surface area. Many harmful substances can be 
adsorbed on the surface of fine particles, such as 
heavy metals, organic matters, bacteria and viruses, 
etc. [6,8]. Fine particles have natural origins, with a 
variety of anthropogenic sources. Anthropogenic 
fine particles can dominate the ambient air quality of 
urban and industrial areas. It is difficult to accurately 
identify the sources of PM2.5 [5]. PM2.5 can stay in 
the air for a long time and is likely to be transported 
over a long distance [9]. These characteristics of 
PM2.5 have led to massive research, including 
concentration monitoring, composition analysis, 
source apportionment, health impacts, concentration 
prediction and simulation, etc. A bibliometric 
analysis of the global PM2.5 research could reveal the 
trends of the development and progress in the 
research, which can significantly facilitate future 
studies.  

Bibliometric analysis is a combination of 
quantitative and qualitative analysis methods that 
could help evaluate the performance of PM2.5 
research and could contribute to the understanding 
of and insight into this subject [10,11]. Bibliometric 
analysis has a long history and has been applied to 
evaluate research performance in various fields 
[12,13,14,15,16,17,18]. Xie et al. [19] provided a 
bibliometric analysis of world aerosol research, with 
focus on scientific output, research performances 
and trends by the frequency of keywords. According 
to their research, the frequency of PM2.5 as a 
keyword generally increases with year and ranks the 
third in the 2003 2006 period. Li et al. [20,21] 
evaluated the research output of secondary organic 
aerosols (SOA) by bibliometric analysis and 
discussed the patterns, tendencies, methods and hot 
topics of SOA research. According to their study, the 
frequency of PM2.5 ranks third among all keywords, 
indicating that research related to PM2.5 has caught 
much more attention in recent years. 

A bibliometric analysis of global PM2.5 
research performance will offer insights into this 
relevant topic. This study summarizes significant 
publication patterns in PM2.5 related research and 
evaluates research performance from multiple 
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perspectives, including scientific output, nation, 
journal and keywords. This study also provides 
substantive discussion of research progress for some 
popular topics related to PM2.5. 

 
 
DATA AND METHODS 

 
The data used in this study was based on the 

online Scientific Citation Index (SCI) database. We 
used 2.5 the keyword to search titles, 
abstracts and keywords of the publications in the 
database over the past 15 years from 1999 to 2014. 

2.5 on 
fine particulate matter pollution in ambient air 

 (particle) matt often used 
2.5 simultaneously, they were not included 

in our search because many studies with these 
keywords, excluding 2.5 , were not related to 
ambient air environment study. We then retrieved 
the document information, including title, keywords, 
author name(s), author affiliation(s), subject 
category(ies), journal name and year of publication. 
We eliminated duplicated records. Eventually, 7739 
articles were identified as being related to PM2.5. 

We then performed a bibliometric analysis on 
the preprocessed data, including literature types
language, scientific outputs, popular journals, 
popular articles, author affiliations and keywords. 
Based on these analyses, we determined the trends 
and hotspots of PM2.5 related research.  

 
RESULTS AND DISCUSSIONS 

 
Document Type and Language of 

Publication. Nine document types were found in the 
7739 articles. The most frequent document type was 
journal article, with 6898 documents and accounting 
for 89.1% of the total publications. This was 
followed by proceeding paper (396 publications; 
5.1%), meeting abstract (236 publications; 3.0%) 
and review (139 publications, 1.8%). The other five 
types of publications which are less common include 
editorial material (21 publications; 0.3%), letter (19 
publications; 0.2%), correction (16 publications; 
0.2%), news item (13 publications; 0.2%) and reprint 
(1 publication).  

Languages of all of the PM2.5 publications were 
grouped. Overall, eleven different languages were 
found. In summary, 7644 of the 7739 publications 
were written in English, accounting for 98.8%. The 
other ten languages were as follows: German (22 
publications; 0.3%), Spanish (14 publications; 0.2%), 
French (14 publications; 0.2%), Chinese (12 
publications; 0.2%), Italian (9 publications; 0.1%), 
Polish (7 publications; 0.1%), Portuguese (6 
publications; 0.1%), Japanese (6 publications; 0.1%), 
Turkish (4 publications; 0.1%) and Hungarian (1 
publication). English was found to be the prevalent 
academic language for PM2.5 related research. 
 

 

FIGURE 1 
PM2.5-related research production by year 
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FIGURE 2 
Change of annual publications of the 10 most productive countries/territories 

 
 
Publication outputs. The output of publication 

on PM2.5 from 1999 to 2014 is summarized in Fig. 1. 
There has been an upward trend for the annual 
number of publications, which grew from 118 in 
1999 to 1262 in 2014. The average of the number of 
authors per article gradually increased from 4.6 in 
1999 to 7.0 in 2014, which suggested that the PM2.5 
research has been becoming increasingly 

collaborative. The number of cited references 
increased significantly, from 20.3 in 1999 to 44.1 in 
2014. 

The 10 most productive countries/territories 
(G10) with regard to PM2.5 research were USA, 
China mainland, Taiwan, Italy, Spain, Canada, 
South Korea, India, Germany and England (see Fig. 
2). The publication output on PM2.5 research from 
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the G10 countries/territories accounts for 72.5% of 
the world total. USA topped the productivity ranking 
of countries/territories with 2789 publications, 
accounting for 36.0% of the total publication. China 
mainland ranked second, with a steep upward trend 
in publication output since 2004. The annual output 
of USA and China accounts for 49.8% of the total 
number in 2014.  

There are over 1200 ground monitors to 
measure PM2.5 concentration throughout the USA 
[22]. USA began to measure PM2.5 nationally in the 
late 1990s. The National Ambient Air Quality 
Standards (NAAQS) have been revised several times 
to further restrict emissions. The PM2.5 standards 
were tightened in 2005. At present, the daily 
maximum limit for PM2.5 is 35 , while the 
annual standard is 15 . The available 
monitoring data and the strict standards have boosted 
PM2.5 related research in recent years in this country. 

PM2.5 research has attracted greater attention in 
China mainland during the past decade due to the 
aggravated air pollution, especially in metropolitan 
areas [23]. China revised its ambient air quality 
standards in 2012, along with including PM2.5 in 

regular monitoring. 74 cities in China mainland 
publish the results of their monitoring of PM2.5 
online since January 1st, 2013. This number has 
increased to 161 at present. All of the cities in China 
will begin regular monitoring of PM2.5 from Jan 1st, 
2016. It is expected that PM2.5 research in China will 
develop more rapidly than before. 

 
Popular journals and articles. PM2.5-related 

articles were published in 673 journals. Of these, 579 
journals (accounting for 86.0% of the total) 
published less than 10 PM2.5-related articles. In 
particular, 320 of these journals published only one 
PM2.5-related article. The top 20 journals that 
published the most PM2.5-related articles are listed in 
Table 1. The PM2.5-related articles from these 20 
journals account for 61.6% of the total publication. 
Atmospheric Environment published the most 
number of PM2.5-related articles, accounting for 
20.2%, which was much higher than the second, 
Journal of the Air & Waste Management Association 
(5.4%). Among the top 20 journals, there were 5 
journals that were related to environment health and 
contributed 9.2% of the articles. 

 
 

TABLE 1 
The top 20 Journals that published most PM2.5 articles 

 
No. Journals TP TP% TC TC% TC/TP IF(2014) 

1 Atmospheric Environment 1561 20.2 31341 28.8 20.1 3.281 

2 Journal of the Air & Waste Management Association 416 5.4 5666 5.2 13.6 1.342 

3 Science of the Total Environment 327 4.2 4077 3.7 12.5 4.099 

4 Environmental Science & Technology 323 4.2 7199 6.6 22.3 5.330 

5 Atmospheric Chemistry and Physics 289 3.7 3471 3.2 12.0 5.053 

6 Environmental Health Perspectives 247 3.2 9099 8.4 36.8 7.977 

7 Epidemiology 205 2.6 2274 2.1 11.1 6.196 

8 Journal of Geophysical Research-Atmospheres 178 2.3 3342 3.1 18.8 3.426 

9 Aerosol and Air Quality Research 164 2.1 482 0.4 2.9 2.094 

10 Aerosol Science and Technology 152 2.0 3324 3.1 21.9 2.413 

11 Atmospheric Research 140 1.8 1125 1.0 8.0 2.844 

12 Environmental Monitoring and Assessment 105 1.4 474 0.4 4.5 1.679 

13 Inhalation Toxicology 104 1.3 1666 1.5 16.0 2.260 

14 Journal of Exposure Science and Environmental 

Epidemiology 

94 1.2 959 0.9 10.2 3.185 

15 Environmental Research 89 1.2 844 0.8 9.5 4.373 

16 Atmospheric Pollution Research 88 1.1 148 0.1 1.7 1.371 

17 Chemosphere 73 0.9 1804 1.7 24.7 3.340 

18 Journal of Environmental Monitoring 70 0.9 533 0.5 7.6 2.179 

19 Air Quality Atmosphere and Health 70 0.9 221 0.2 3.2 1.804 

20 Environment International 70 0.9 739 0.7 10.6 5.559 

Note TP means total publication in the journal. TP% means TP accounts for the proportion of the total number 
of PM2.5 publication. TC means total cited time in the journal. TC% means TC accounts for the proportion of the 
total cited times of PM2.5 publication. 
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TABLE 2. 
The top 20 most frequently cited productions 

 

No. Article Journal 
Corresponding 

author 
Year TC 

1 
Species contributions to PM2.5 mass 
concentrations: Revisiting common assumptions 
for estimating organic mass 

Aerosol Science and 
Technology 

Turpin, BJ
USA  

2001 656 

2 
Increased particulate air pollution and the 
triggering of myocardial infarction 

Circulation 
Peters, A
Germany  

2001 597 

3 
Association of fine particulate matter from 
different sources with daily mortality in six US 
cities 

Environmental Health 
Perspectives 

Laden, F 
 USA  

2000 543 

4 
Measuring and simulating particulate organics in 
the atmosphere: problems and prospects 

Atmospheric 
Environment 

Turpin, BJ 
 USA  

2000 483 

5 
Fine particulate air pollution and hospital 
admission for daily mortality 

Jama-journal of the 
American Medical 
Association 

Dominici, F
 USA  

2006 434 

6 Ambient pollution and heart rate variability Circulation Gold, DR USA  2000 414 

7 
Rethinking organic aerosols: Semivolatile 
emissions and photochemical aging 

Science 
Robinson, AL

USA  
2007 409 

8 
A review of carbon nanotube toxicity and 
assessment of potential occupational and 
environmental health risks 

Critical Reviews in 
Toxicology 

Lam, CW USA  2006 364 

9 
Chemical and microphysical characterization of 
ambient aerosols with the aerodyne aerosol mass 
spectrometer 

Mass Spectrometry 
Reviews 

Canagaratna, MR
USA  

2007 356 

10 
The effect of air pollution on lung development 
from 10 to 18 years of age 

New England Journal of 
Medicine 

Gauderman, WJ
USA  

2004 355 

11 

Particulate Matter Air Pollution and 
Cardiovascular Disease An Update to the 
Scientific Statement From the American Heart 
Association 

Circulation  2010 349 

12 

European aerosol phenomenology-2: chemical 
characteristics of particulate matter at 
kerbside,urban,rural and background sites in 
Europe 

Atmospheric 
Environment 

Putaud, JP
Italy  

2004 330 

13 The characteristics of PM2.5 in Beijing,China 
Atmospheric 
Environment 

He, KB Peoples 
R China  

2001 327 

14 
O/C and OM/OC ratios of primary,secondary,and 
ambient organic aerosols with high-resolution 
time-of-flight aerosol mass spectrometry 

Environmental Science & 
Technology 

Jimenez, J
USA  

2008 323 

15 
Reduction in fine particulate air pollution and 
mortality - Extended follow-up of the Harvard six 
cities study 

American Journal of 
Respiratory and Critical 
Care Medicine 

Laden, F (USA) 2006 313 

16 
Particulate matter in the atmosphere: which 
particle properties are important for its effects on 
health? 

Science of the Total 
Environment 

Harrison, RM 
(England) 

2000 309 

17 
Spatial analysis of air pollution and mortality in 
Los Angeles 

Epidemiology Jerrett, M (USA) 2005 282 

18 
Source apportionment of PM2.5 in the 
southeastern United States using solvent-
extractable organic compounds as tracers 

Environmental Science & 
Technology 

Zheng, M (USA) 2002 275 

19 
Ambient air pollution and atherosclerosis in Los 
Angeles 

Environmental Health 
Perspectives 

Kunzli, N (USA) 2005 270 

20 
Daily variation of particulate air pollution and 
poor cardiac autonomic control in the elderly 

Environmental Health 
Perspectives 

Creason, J (USA) 1999 254 

TC: times cited 



5085 
 

TABLE 3. 
Top 20 productive institutes on PM2.5 research 

 

No 
Institution of the first 
author 

Count 
(%) 

Institution of the 
corresponding author 

Count 
(%) 

Institutions for all 
authors 

Count 
(%) 

1 US EPAa 222(2.9) US EPA 210(2.7) Harvard Univ 596(7.7) 

2 Harvard Univ 198(2.6) Chinese Acad Sci 199(2.6) US EPA 555(7.2) 

3 Chinese Acad Sci 197(2.5) Harvard Univ 156(2.0) Chinese Acad Sci 528(6.8) 

4 Peking Univ 98(1.3) Peking Univ 93(1.2) Univ Washington 309(4.0) 

5 Clarkson Univ 86(1.1) Clarkson Univ 88(1.1) Peking Univ 235(3.0) 

6 Univ Calif Davis 84(1.1) Univ Calif Davis 84(1.1) Univ Calif Davis 204(2.6) 

7 Univ So Calif 76(1.0) Desert Res Inst 78(1.0) Univ So Calif 174(2.2) 

8 Desert Res Inst 73(0.9) Tsinghua Univ 72(0.9) Clarkson Univ 171(2.2) 

9 Tsinghua Univ 73(0.9) CSIC 70(0.9) Georgia Inst Technol 169(2.2) 

10 CSICb 72(0.9) Univ So Calif 68(0.9) 
Hong Kong Univ Sci & 
Technol 

163(2.1) 

11 Univ Washington 71(0.9) Univ Washington 67(0.9) Univ Calif Berkeley 163(2.1) 

12 Georgia Inst Technol 70(0.9) Fudan Univ 61(0.8) Tsinghua Univ 145(1.9) 

13 Fudan Univ 63(0.8) Georgia Inst Technol 61(0.8) Univ Utrecht 139(1.8) 

14 
Hong Kong Univ Sci & 
Technol 

57(0.7) 
Hong Kong Univ Sci & 
Technol 

58(0.7) Univ Wisconsin 138(1.8) 

15 Hungkuang Univ 55(0.7) Hungkuang Univ 56(0.7) Univ Michigan 135(1.7) 

16 
Hong Kong Polytech 
Univ 

52(0.7) 
Hong Kong Polytech 
Univ 

51(0.7) Environm Canada 132(1.7) 

17 Univ Calif Berkeley 52(0.7) Brigham Young Univ 46(0.6) Univ N Carolina 127(1.6) 

18 NYUc 50(0.6) N Carolina State Univ 44(0.6) Carnegie Mellon Univ 123(1.6) 

19 Brigham Young Univ 49(0.6) NYU 44(0.6) CSIC 120(1.6) 

20 Hlth Canada 49(0.6) Carnegie Mellon Univ 43(0.6) Fudan Univ 117(1.5) 

Note  
a: US Environmental Protection Agency 
b: Consejo Superior de Investigaciones Científicas. 
c: New York University  
 
 

The top 20 most frequently cited publications 
are listed in Table 2. Moreover, 12 of the 20 top 
publications are about health. Topics related to 
health include daily mortality, asthma, myocardial 
infarction, cardiovascular disease, atherosclerosis, 
etc. 
 

Influential Institutions. We analyzed the 
publishing institutes and found an uneven 
distribution. The 20 most productive institutes based 
on first author, corresponding author and all authors 
are shown in Table 3. As for institutes based on 
corresponding author, US EPA is the most 
productive institution with 210 papers, accounting 
for 2.7%. This was followed by the Chinese 

Academy of Sciences with 199 papers (2.6%), 
Harvard University with 156 papers (2.0%) and 
Peking University with 93 papers (1.2%). As for the 
institutes based on all authors, Harvard University 
ranks first and University Washington ranks high. 
The distribution of institutes for the first author, 
corresponding author and all authors are similar in 
general. 

 
Analyses of Keywords. (1) The 20 most 

common keywords. We analyzed the keywords to 
find the popular topics within PM2.5 research. There 
were 9378 keywords used by the authors, with a total 
of 27915 occurrences. Overall, 6798 (72.5%) 
keywords appeared only once, while 9050 (96.5%) 
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keywords appeared less than ten times. The 20 most 
frequently used keywords are listed in Table 5 (see 
the first two columns). We grouped the keywords 
with similar meaning but with different spellings or 
forms (see the notes in Table 4.). It was not 
unexpected that the keywords referring to PM2.5 and 
particulate matter (including 2.5 Particulate 
matter (PM) 10 ed a high 
frequency of occurrence. The keywords referring to 

frequently appeared in PM2.5-related articles. It 
needs to be mentioned that indoor air appears to have 
attracted much attention in PM2.5 research because 

list of 
keywords. As for the rest of the keywords, there 
were mainly three groups, namely, chemical 
composition, source apportionment and health 
effects. The keywords related to chemical 

8%, 

0.6%) and 
6%). As for the 

positive 
matrix factorization (PMF)  (0.6%) was the mostly 
discussed model for source apportionment. Traffic  
(0.5%) and biomass burning  (0.4%) were the 
source of PM2.5 that were discussed the most. The 
keywords among the top 20 that related to health 

 
We analyzed the keywords over different 

periods to find a change in the focus of PM2.5 
research. The annual number of articles changed in 
an unstable way from 1999 to 2014. It grew steadily 
from 1999 to 2003, followed by a rapid growth from 
2004 to 2007. However, there was an unexpected 
sharp decline from 2008 to 2010, followed by a rapid 
growth from 2011 to 2014 (Fig. 1). Therefore, we 
analyzed the keywords over four periods. The 20 
most common keywords during each period are 
shown in Table 5. 

It can be observed that the distribution of 
keywords during the first period (1999 2003) 
apparently differs from the ones during the 
subsequent three periods that are similar. It seems 
that the PM2.5 research in the first period almost 
equally covered basic and diverse topics in the area, 
including health effects (represented by the 
keywords such as 

chemical composition 

PM2.5 and other related particles were also frequently 
discussed together in the first period because 

were included in the top 20 keywords of the stage. 

However, they were not included in the top 20 
keywords for the subsequent periods. By comparing 
the four periods, we found some changes for the 
popular topics related to PM2.5 research. Firstly, the 
topics related to health effects were not as popular 
during the last three periods as they were in the first 
period. Especially from 2008 to 2010, there was only 
one keyword about health. Secondly, PM2.5 source 
apportionment is the most popular topic from 2004 
because the related keywords rank high. Traffic 
sources were the major cause of concern in source 
apportionment research. Thirdly, chemical 
composition was always the most popular research 
topic during the four periods as  and 

 in the top 20 keywords during every 
period. Fourthly, indoor air pollution was 
increasingly popular in PM2.5 research. 

 
(2) Analysis of keywords by Country. We 

analyzed the keywords of the articles from the 10 
most productive countries to compare the research 
hotspots in different countries. The research 
production of the top 10 countries accounts for 75.6% 
of the total. 

The results show that the top 20 keywords in 
research publications from USA, Germany, Canada, 
England and Spain include keywords related to 
health effects of PM2.5, while the top 20 keywords in 
research from China, Taiwan, South Korea and India 
do not. It implies that the research from American 
and European countries is more focused on the 
health effects of PM2.5. In addition, the top 20 
keywords for the most productive countries include 
keywords related to composition and source 
apportionment, which indicates that research on the 
two aspects is popular in many countries. 

In particular, we analyzed the keywords of 
articles from USA separately because USA is the 
most productive country and home of leading 
institutes with regard to PM2.5 research (such as the 
US EPA and Harvard University). The statistics for 
the keywords are shown in Table 5 for the same four 
periods as in Table 4. It can be observed that the 
research on the health effects of PM2.5 attracted 
much attention from 1999 to 2014. The most popular 
keywords related to health effects in this period 

-
related keywords ranked the highest in general from 
1999 to 2003, compared to keywords related to 
chemical composition and source apportionment. It 
seems that research on health effects was not very 
significant from 2004 to 2010, especially from 2008 
to 2010, during which the number of health related 
keywords was the least. However, the rank of health 
related keywords increased over the next periods. 
The PM2.5 source apportionment was much more 
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th. Keywords related to 
chemical composition have gradually decreased 
from the list of the top 20 keywords. The keywords 
from 2011 to 2014 were mainly related to source 
apportionment and health effects. We also noticed 

-
(CMAQ) appeared in the list of top 20 keywords 
during the last two periods and ultimately ranked 9th. 
Its frequency increased from 0.5% to 0.9%. This 
suggests that air pollution simulation by the model 
has become increasingly popular. 

 
 

TABLE 4  
The top 20 most frequent keywords in different periods 

 
No All 

(1999~2014) 
% 1999~2003 % 2004~2007 % 2008~2010 % 2011~2014 % 

1 PM2.5 6.0 PM2.5 8.1 PM2.5 7.0 PM2.5 6.3 PM2.5 5.4 

2 PM 4.0 PM 4.8 PM 3.5 PM 4.0 PM 4.0 

3 Air pollution 2.7 PM10 3.5 air pollution 2.5 PM10 3.0 Air pollution 2.8 

4 PM10 2.1 air pollution 2.3 PM10 2.1 air pollution 2.6 PM10 1.5 

5 Source 
apportionment 

1.1 exposure 1.4 source 
apportionment 

1.1 source 
apportionment 

1.3 Source 
apportionment 

1.2 

6 exposure 1.0 PAHs 0.9 aerosol 1.0 PAHs 1.2 exposure 1.0 

7 aerosol 0.9 Aerosol 0.9 EC 0.9 Exposure 1.1 Indoor air  0.9 

8 PAHs 0.8 Indoor air 0.9 PAHs 0.8 Aerosol 1.5 PAHs 0.8 

9 indoor air  0.7 OC 0.7 Exposure 0.8 Indoor air 0.8 PMF 0.7 

10 OC 0.7 TSP 0.7 Indoor air 0.8 Air quality 0.8 Air quality 0.7 

11 metal 0.7 Epidemiology 0.7 OC 0.8 OC 0.8 Metal 0.7 

12 air quality 0.7 Chemical 
composition 

0.7 Size distribution 0.7 Metal 0.8 Aerosol 0.6 

13 PMF 0.6 Source 
apportionment 

0.7 Metal 0.6 EC 0.7 Traffic 0.6 

14 EC 0.6 Coarse particles 0.7 PMF 0.6 PMF 0.7 EC 0.6 

15 Chemical 
composition 

0.6 Asthma 0.7 Air quality 0.5 chemical mass 
balance

CMB  

0.5 OC 0.6 

16 Traffic 0.6 Mortality 0.6 Sulfate 0.5 Traffic 0.5 Biomass 0.6 

17 Size 
distribution 

0.5 Air quality 0.6 Receptor model 0.5 Receptor model 0.5 Size distribution 0.5 

18 ozone 0.4 Sulfate 0.6 Chemical 
composition 

0.5 Ozone 0.4 Epidemiology 0.5 

19 Epidemiology 0.4 Metal 0.6 Traffic 0.5 Size distribution 0.4 Ozone 0.5 

20 Biomass 
burning 

0.4 Traffic 0.5 Asthma 0.4 Trace element 0.4 Black carbon 0.5 

Note: The keywords with the same meaning but in different spelling forms were grouped, and they are listed as 
follows. 
PM2.5: PM2.5, PM (2.5), fine particle, fine particles, fine particle matter, fine particulate matter. 
PM: PM, particulate matter(s), particulate(s), particle(s), air pollution particulate matter, and atmospheric 
particulate matter(s). 
PM10: PM10, PM(10), and PM10 dust. 
Aerosol: aerosol, aerosols, ambient aerosol, and atmospheric aerosol. 
Source apportionment: source apportionment, and aerosol source apportionment. 
Exposure: exposure and personal exposure. 
Size distribution: size distribution, size distributions, aerosol mass size distribution, and mass size distribution. 
Sulfate: sulfate, sulfates, PM2.5 sulfate, and PM2.5 sulfates. 
Chemical composition: chemical composition, chemical compositions, aerosol chemical compositions, and 
chemical constituents. 
Traffic: traffic, traffic pollution, and road traffic.  
Receptor model: receptor model, receptor models, and receptor modeling. 
Metal: metal(s), metal element(s), metallic element(s), and heavy metal(s). 
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TABLE 5 
Most frequent keywords during the four periods in the publications from USA 

 
No. 1999~2003 2004~2007 2008~2010 2011~2014 

Top20 % Top20 % Top20 % Top20 % 
1 PM2.5 7.1 PM2.5 6.9 PM 5.5 PM2.5 5.5  
2 PM 5.4 PM 4.4 PM2.5 5.1 PM 4.9  
3 Air pollution 3.1 Air pollution 3.1 Air pollution 3.7 Air pollution 4.3  
4 Exposure 2.1 Source 

apportionment 
2.0 Source 

apportionment 
2.1 Source 

apportionment 
1.5  

5 PM10 1.5 PMF 1.4 Exposure 2.0 Exposure 1.3  
6 Asthma 1.1 PM10 1.0 Ozone 1.2 Indoor air 1.2  
7 PAHs 0.9 Sulfate 0.9 Diesel 1.1 Ozone 1.1  
8 Children 0.9 EC 0.8 Asthma 1.0 air quality 0.9  
9 Epidemiology 0.8 Receptor 

modeling 
0.8 Air quality 0.9 CMAQ 0.9  

10 OC 0.8 Ozone 0.8 OC 0.9 epidemiology 0.9  
11 Ozone 0.8 OC 0.8 Traffic 0.9 Traffic 0.9  
12 Mortality 0.7 Aerosol 0.8 PMF 0.8 environmental 

health 
0.8  

13 Source 
apportionment 

0.7 Exposure 0.7 EC 0.7 Asthma 0.7  

14 Carbon 
monoxide 

0.7 Asthma 0.7 Aerosol 0.6 Biomass burning 0.6  

15 Receptor 
modeling 

0.7 Mortality 0.6 Black carbon 0.6 PMF 0.6  

16 Nitrate 0.6 Heart rate 
variability 

0.6 Epidemiology 0.6 Exposure 
assessment 

0.6  

17 Aerosol 0.6 Diesel 0.6 Carbon monoxide 0.5 PM10 0.6  
18 Air quality 0.5 Epidemiology 0.5 CMAQ 0.5 Black carbon 0.6  
19 Ammonia 0.5 Nitrogen 

dioxide 
0.5 Children 0.4 inflammation 0.5  

20 Health effects 0.5 Traffic 0.5 Coarse particulate 
matter 

0.4 mortality 0.5  

 
TABLE 6 

Most frequent keywords of China from 1999~2014 
 

No. Keywords P% No. Keywords P% 

1 PM2.5 6.7  11  chemical composition 0.8  
2 Source apportionment 2.3  12  China 0.8  
3 PM10 1.8  13  Haze 0.8  
4 PM 1.7  14  Size distribution 0.7  
5 EC 1.6  15  dust storm 0.7  
6 OC 1.4  16  Seasonal variation 0.6  
7 aerosol 1.3  17  biomass burning 0.6  
8 Air pollution 1.2  18  Water-soluble ions 0.6  
9 Beijing 1.1  19  Pearl River Delta 0.6  
10 PAHs 1.0  20  Shanghai 0.6  

 
China is the second major productive country, 

with the number of publication increasing the fastest. 
PM2.5 pollution in China has been drawing much 
attention globally, making the research on PM2.5 
from China important. There is no literature on PM2.5 

for 1999 from China, but the number of PM2.5 

publications from China has increased rapidly from 
3 in 2000 to 264 in 2014. We analyzed the keywords 
of PM2.5 research from China to find the popular 
ones. The top 20 keywords are shown in Table 6. 
These keywords are related to PM2.5 source studies, 
composition studies, and case areas. The keyword 
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that source apportionment is the most popular topic 
of PM2.5 studies from China. At present, most of the 
local governments of cities with heavy PM2.5 
pollution are promoting PM2.5 source apportionment 
research, which is a background work for PM2.5 

pollution control. The three most significant case 
areas for PM2.5 research in China are Beijing, 
Shanghai and the Pearl River Delta area. 

 
 

RESEARCH ORIENTATION ANALYSIS 

 
We conducted a statistical analysis for main 

keywords to discover the most popular topics within 
PM2.5 research. Because there were 9378 different 
keywords in total, it was difficult to examine each of 
them. We only chose the top 1000 keywords, based 
on frequency, out of the 9378 to conduct the 
statistical analysis. The frequency of each keyword 
in the set was less than 3. We examined each one of 
the 1000 keywords and classified them.  

 
FIGURE 3 

Research fields of PM2.5 publications 
 
Except for the keywords generally describing 

2.5

10

classified the rest of the keywords into nine 
categories, namely, chemical composition, health 
effects, source apportionment, size distribution, 
pollutant transport, remote sensing (RS) and 
geographic information system (GIS), research site, 
test instrument and others (see Fig. 3). The RS&GIS 
category includes keywords related to RS data, 
image classification methods, GIS techniques and 
methods of spatial analysis and spatial simulation. 

regressio
environmental impact etc. The top three categories 
were chemical composition, source apportionment 
and health impact  

 
FIGURE 4 

Types of keywords in PM2.5 composition 
research 

 
of PM2.5, which occupied almost three quarters of all 
of the keywords. In addition, the keywords that 
include particle size distribution, pollution diffusion, 
RS and GIS, research site and test instrument are less 
than 10%. It can be observed that the chemical 
composition, source apportionment and health 
effects are the three main aspects of PM2.5 research. 
There are some important studies on other aspects as 
well, such as prediction of PM2.5 concentration [24], 
diffusion [25], particle size distribution [26,27], RS 
and GIS techniques [22,24,28] and test instrument 
[29,30,31]. 

We further examined the keywords related to 
chemical composition, source apportionment and 
health effects, separately. 

As for the keywords related to the chemical 
composition of PM2.5, except for the keywords 
describing co

classified into five categories, namely, OC & EC 

-metallic 
inorganic matter (inclu

and others (including the keywords with very low 

corresponding statistics are shown in Fig. 4. 
The chemical composition of PM2.5 may 

include OC, EC, sulfate, nitrate, ammonium and 
geological material, etc. [32,33,34]. The 
composition and proportions of different matters 
often vary across regions or cities due to 



© by PSP  Volume 25  No. 12/2016, pages 5080-5095  Fresenius Environmental Bulletin  

 

 

5090 

environmental conditions, such as transportation, 
fuel consumption, industries and geographic features 
[33]. For example, airborne PM2.5 in seaside cities 
may contain sea-salt, while PM2.5 around industries 
may contain heavy metals or specific pollutants. The 
composition of PM2.5 and proportions of matters can 
also vary temporally, for example, depending on the 
season. We reviewed articles related to PM2.5 
composition and have listed the typical research 
results in Table 7. According to these results, OC and 
EC are the main matters in the composition of PM2.5, 
with a proportion from approximately 20% to 60%. 
The proportion of OC is usually larger than EC. 
Sulfate is also a common composition matter, with a 
proportion from approximately 10% to 35%. This is 
followed by nitrate and ammonium, which occupy 
less than 20%. 

For research on source apportionment of PM2.5, 
keywords were divided into source apportionment 
models and specific sources, which include industry 
emissions, biomass burning, traffic exhausts, soil 
and agriculture and others (such as dust storm, 
mineral dust, sea salt, tobacco smoke, cooking, 
incense, etc.). The statistics for keyword categories 
above is shown in Fig. 5. It can be observed that 
more than a quarter of keywords are related to source 
apportionment models. The models mainly include 
receptor model, principal component analysis (PCA), 
positive matrix factorization (PMF), chemical mass 
balance (CMB), UNMIX, etc. Zheng et al. [46] 
reviewed the receptor model based source 
apportionment methods. The other keywords 
describe specific sources of PM2.5, of which industry 
emission, biomass burning and traffic are the most 

proportion, at 22.4%, in industry emission related 
keywords. 

Source apportionment of PM2.5 provides 
fundamental support for reduction in PM2.5. 
Therefore, researchers studied the source 
apportionment of PM2.5 in different places around 
the world to support local policymaking. According 
to their results, we found that the sources of PM2.5 
were diverse across the world. Table 8 lists some 
typical research results from different places in the 
world. According to [47], secondary sulfates are the 
main sources of PM2.5 and contribute almost a half 
of the PM2.5 in three cities in USA. Viana et al. [48] 
found that vehicular emissions are the largest source 
of PM2.5 in five cities in Spain, followed by industrial 
emissions and secondary sulfates and nitrates. Scheff 
and Valiozis [49] also found that vehicular and 
industrial emissions dominate the sources of PM2.5 
in another European city Athens, Greece. However, 

the studies from developing countries in Asia 
suggest that coal combustion might be the main 
source of PM2.5 [50,51,52,53]. 

FIGURE 5 
Types of keywords in PM2.5 source research 

 

 
 

FIGURE 6 
 Types of keywords in PM2.5 health research 

 
As for research regarding the health effects of 

PM2.5, the statistics for the keywords are shown in 
Fig. 6. Specific population groups, such as children, 
seniors and pregnant women, were studied by many 
studies in relation to health effects from PM2.5. 
Respiratory and cardiovascular diseases were the 
most discussed diseases related to PM2.5 exposure. 
Meanwhile, the impact of PM2.5 exposure on 
mortality was also a very popular topic in these 
studies, followed by the impact on fetal development 
and allergy. In addition, there were also many other 
keywords about health effects, such as cancer, 
mutagenicity, stroke, diabetes and obesity, which 
had low frequencies. 
 

 
 
 
 



© by PSP  Volume 25  No. 12/2016, pages 5080-5095  Fresenius Environmental Bulletin  

 

 

5091 

TABLE 7 
Some typical results of studies on PM2.5 composition 

 
Country/ 

territory 

City or region Reference Composition matters and their percentages (%) Note 

OC Inorganic matter Geological 

material EC Sulfate Nitrate Ammonium Else a 

South 

Korea 

Chong ju [35] 11.3 10.0 18.6 8.2 6.4 - - Samples was 

collected over 

four seasons 

from 27 

October 1995 

to 25 August 

1996 

China Pearl river 

Delta region 

[36] 42 3.7 19 12 8.4 - - 24-hr PM2.5 

samples were 

collected 

during 

November-

December 2010 

Beijing [37] 37.9 3.1 26.7 15.8 15.9 0.87(Cl-) - Samples was 

collected 

during 24 July 

to 20 

September 

2008 

Shanghai [38] 30.2 11.2 23.4 18.2 2.7(K+) 9.6 Weekly PM2.5 

samples was 

collected at two 

sites for 1 year 

Taiwan Taipei [39] 15.9 5.4 21.1 5.8 - - - March 2002 to 

February 2008 

Japan Sapporo [40] 17.8~35.1 13.8~34.2 10.0~28.8 0.6~6.9 1.6~9.2 - - Twenty-four 

samples from 

November 

1991 to 

October 1992. 

USA California [41] 40~60 25~35 - - 14 intensive 

sampling days 

from 9 July to 

31 August 1990  

Denver [42] 21.6 15.3 33.6 - - - - 40-day period 

during 

November and 

December, 

1978 

Mexico Salamanca [43] 34 12.9 25.1 - - - 12.5 Samples were 

collected at six 

sites within the 

urban area 

during 

February and 

March 2003 

Mexico City [44] 35.6 14.4 16.9 3.33 - - - 33 samples 

from December 

19, 1989 

through 

February 5, 

1990 

Mexico City [45] 50 30  15 Samples were 

collected from 

23 February to 

22 March 1997 

+, Ca+, Cl-, etc.) and water. 
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TABLE 8 
Some typical results of studies on PM2.5 source apportionment 

 

Country City References 

Sources and their percentages (%) Models 

Secondary 

source 

Fuel combustion Industry 
Vehicular 

emissions 

Crustal 

sources 

Sea 

salt 
Else  

Coal 

combustion 

Oil 

combustion 

Biomass 

burning 
   Soil -  

USA 

WashingtonDC 

[47] 

67 10 3 - 5 9 3 3 - PMF 

Brigantine NJ 63 8 2 8 5 6 1 8 - 
 

Underhill VT 53 7 7 14 7 - 4 1 7 

India Jorhat [51] 8 26 - 9 19 38 - - 
EF,CA, 

PCA 

China 

Beijing [50] 31 19 - 11 6 6 9 - 8 PMF 

Zhengzhou [52] 24 23 13 4 10 26 - - PMF 

Jinan [53] 55.15 20.98 - 4.55 2.87 6.06 9.30 - - PMF 

South 

Korea 
Incheon [54] 44.4 6.1 6.1 8.5 23 6 5.9  PMF 

Spain 

Albacete* 

[48] 

34 - - - 31 39 - 3 0 

PCA 

Barcelona 15 - - - 20 53 - 5 7 

Galdakao 14 - - - 13 44 - 3 26 

Huelva 24 - - - 24 35 - 7 10 

Oviedo 16 - - - 24 41 - 4 15 

Greece Athens [49] 13.0 - - - 23.3 20.3 4.5 - 38.9 CMB 

Italy Milan [55] 43.6 43.1 13.3   PCA APCA 

Note: 
EF: Enrichment Factor 
CA: Correlation Analysis 
PCA: Principal Component Analysis 
APCA: Absolute Principal Components Analysis 
 

The health effects of PM2.5 were popular topics 
for many years. USA published the most papers 
related to health effects due to PM2.5 from 1999 to 
2014, but researchers from developing countries 
such as China started to pay more attention on this 
issue in recent years [56]. In 2004, the American 
Heart Association (AHA) suggested that exposure to 
PM2.5 pollution could increase cardiovascular 
morbidity and mortality [57]. Brook et al. [6] 
reviewed numerous corresponding studies and 
believed these findings further confirmed the AHA  
scientific statement published in 2004. Pope and 
Dockery [58] comprehensively evaluated the 
research related to PM2.5 health effects and 
concluded that previous studies provided persuasive 
evidence that exposure to PM2.5 has negative effects 
on cardiopulmonary health. 

 
 

CONCLUSION  

 
We conducted a bibliometric analysis of global 

PM2.5 research from 1999 to 2014, evaluated the 
research performance and provided perspectives on 
the research trends. Journal article is the most 
frequent document type, while English is the most 
prevalent language among these publications. The 
annual number of publications increased in general 
during this period, from 118 in 1999 to 1262 in 2014. 

However, we did observe a clear decline from 2008 
to 2010. USA occupied the leading position in the 
ranking list of research outputs on PM2.5, by 
contributing 36.0% of the total outputs. China 
ranked the second, with a steep upward trend since 
2004. Atmospheric Environment published the most 
PM2.5 articles, followed by The Air & Waste 
Management Association Journal, Science of The 
Total Environment, Environmental Science & 
Technology and Environmental Health Perspectives. 
The top 5 most productive institutes of RP-printer 
were US EPA, Chinese Academy of Science, 
Harvard University, Peking University and Clarkson 
University.  

Analysis of keywords showed that there were 
three popular topics in PM2.5 research, namely, 
chemical composition, source apportionment and 
health effects. Size distribution, pollutant diffusion, 
and RS & GIS techniques were also much discussed. 
Meanwhile, we also noticed that the PM2.5 research 
covered a wide range of sub-topics because a large 
number of keywords appeared only once. In 
particular, 96.5% of the keywords appeared less than 
ten times. The most frequent keywords relating to 

 and 
PMF and receptor model were the most frequently 
mentioned methods in source apportionment 
research, while traffic was the most frequently 
discussed source. By analyzing the keywords during 
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different periods, we found that PM2.5 source 
apportionment attracted more and more attention. 
Indoor air quality was also a cause of concern in 
recent years. We further found that the researchers 
from American and European countries were more 
concerned about health effects than the ones from 
Asian countries. However, developing countries 
such as China paid close attention to the research of 
PM2.5 source apportionment and chemical 
composition.  

We further conducted keywords analyses for 
each of the three popular topics mentioned above and 
listed some typical research results from around the 
world. The results showed that the composition of 
PM2.5 varies around the world. Generally, PM2.5 is 
composed of OC, EC, sulfates, nitrates, ammonium, 
etc. PM2.5 has diverse sources due to different 
environment conditions. Chemical composition and 
source apportionment were popular topics across 
time and countries. The research on health effects of 
PM2.5 covered a large range of sub-topics, including 
various human diseases. However, respiratory and 
cardiovascular diseases were the most common. 
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ABSTRACT 

  
Tetracyclines are a group of the most 

commonly-used antibiotics in the world. They are 
sensitive to light and are degraded by light and 
oxidative factors. The studies were conducted under 
photoperiodic conditions and constant darkness in 
order to establish whether solar light has an impact 
on the uptake of chlortetracycline by 8-day-old 
yellow lupin seedlings. In addition, it was 
investigated whether chlortetracycline in soil (under 
photoperiod or darkness) influences the activity of 
peroxidase and superoxide dismutase, i.e. the 
enzymes that neutralize free radicals, in yellow 
lupin roots and stems. Yellow lupin seedlings 
growing in darkness produced longer roots and 
stems in comparison to plants growing under 
photoperiodic conditions by 23% and 155%, 
respectively. The length of stems was affected by 
the tested concentrations of the drug and light 
conditions. There was an inhibition of the growth of 
stems on soil contaminated with the drug  
(at 100 mg ·  kg-1 of soil) at constant darkness and 
photoperiod by 82% and 77%, respectively. The 
concentration of chlortetracycline in roots and 
stems growing in light was lower (370 and  
10 ng . g-1 of fresh weight, respectively) than in 
plants growing in darkness (643 and 34 ng . g-1 of 
fresh weight, respectively). The content of 
chlortetracycline determined after eight days in 
roots and stems of yellow lupin seedlings growing 
in a photoperiod and at constant darkness clearly 
proves that roots, regardless of light conditions, 
contained more drug than stems. Moreover, the 
activity of superoxide dismutase in roots and stems 
growing in constant darkness doubled in 
comparison with photoperiodic plants. In roots it 
ranged from approximately 1 U (photoperiod) to 
about 2 U (darkness) while in stems it ranged 
between 2 (photoperiod) and 4 U (darkness). 
 
 
KEYWORDS:  
chlortetracycline; Lupinus luteus L.; photoperiod; 
constant darkness 

INTRODUCTION  
 
Veterinary antibiotics are important measures 

for the treatment of diseases in production animals 
[1]. However, the annual increase in their use in 
cattle and poultry production is disturbing. In 
Europe in 1996, the volume of antibiotics used in 
veterinary medicine was about 10,000 tons, of 
which 50% were medicaments and growth 
stimulators. In the USA in 2000, approximately 
23,000 tons of antibiotics were used in animal 
production (of which growth stimulators constituted 
about 40%) [2]. Tetracyclines, including 
tetracycline, chlortetracycline and oxytetracycline, 
are among the most commonly used antibiotics 
worldwide [3, 4, 5]. Since they are poorly absorbed 
and excreted in substantial amounts in the digestive 
tract of animals (about 50  80%) with faeces and 
urine [6, 7], chlortetracycline, oxytetracycline and 
tetracycline are detected in manure and slurry. As 
reported by Martínez-Carballo et al. [8], the 
concentrations of chlortetracycline, oxytetracycline 
and tetracycline in pig manure are 46 mg . kg-1,  
29 mg . kg-1 and 23 mg . kg-1, respectively. In fresh 
chicken manure, the lowest detected limit of 
oxytetracycline, tetracycline and chlortetracycline 
were 0.029 mg . kg-1, 0.055 mg . kg-1 and  
0.073 mg . kg-1, respectively [9]. The presence of 
tetracyclines in manure and slurry result in their 
occurrence in soil. Tetracyclines tend to persist and 
may accumulate in sandy soils after repeated 
fertilizations with liquid manure [10]. High 
concentrations of tetracyclines have been detected 
in soil in Turkey and Spain (up to 0.5 mg . kg-1 and 
0.2 mg . kg-1, respectively) [11, 12], whereas in soil 
fertilized with manure, the content of 
oxytetracycline, tetracycline and chlortetracycline 
reaches levels as high as 5.17, 0.553 and  
0.588 mg . kg-1, respectively [13]. The presence of 
antibiotics in soil influences the metabolism and 
physiology of plants. Chlortetracycline is 
phytotoxic to maize and pinto bean. An increase in 
the content of chlortetracycline in soil causes a 
significant increase in the activity of plant stress 
proteins, namely, glutathione S-transferases (GST) 
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and peroxidases (POX), in maize [14]. 
Physiological changes in plants growing on soil 
with tetracyclines have been repeatedly 
demonstrated [14, 15, 16]. An increase in the 
activity of stress proteins (glutathione S-
transferases and peroxidase) in maize [14], a 
reduction in photosynthesis rate and in assimilative 
transport of electrons have been reported in Salix 
fragilis L. [17]. A phytotoxic effect of tetracycline 
on maize consists in the formation of free radicals, 
mainly the hydroxyl radical [16], whereas in 
Saccharomyces cerevisiae, superoxide dismutase 
(SOD1) is essential to reduce susceptibility to 
oxytetracycline [18]. While protecting against 
unfavorable environmental factors, including 
xenobiotics such as drugs, plants developed a range 
of enzymatic and non-enzymatic defensive 
mechanisms. The first line of defense against 
harmful environmental factors consists of 
peroxidase [POD, EC 1.11.1.7] and superoxide 
dismutase [SOD, EC 1.15.1.1] [19]. Peroxidases 
(POD, a donor: hydrogen peroxide oxydoreductase) 
are found in all terrestrial plants, except for 
unicellular algae [20, 21]. This is a widespread 
family of enzymes that can be found in many 
cellular organelles, including chloroplasts [22]. 
Peroxidases are secretory glycoproteins that take 
part in the process of cell elongation  construction 
of the cell wall. Their specific functions include 
oxidation of toxic compounds [20, 23, 24, 25]. 
Superoxide dismutase (SOD) is one of the more 
important antioxidative enzymes. It plays a 
significant role in disproportioning and degradation 
of reactive oxygen species [26], the 
disproportioning reaction of SOD results in the 
removal of more toxic superoxide anion O2

- into 
less harmful hydrogen peroxide which can be 
further converted into molecular oxygen. This 
reaction occurs in all oxygen-metabolizing 
organisms and it is thus a very important element of 
the antioxidant defense system [27, 28, 29]. 
Tetracyclines are susceptible to light. Under the 
influence of light and oxidizing factors, 
tetracyclines are degraded [30]. This process forms 
the basic mechanism for removal of this group of 
antibiotics from aqueous solutions [31, 32]. A 
question arises: do photoperiod or constant 
darkness conditions impact the uptake of 
chlortetracycline by plants? Moreover, in view of 
the fact that the phytotoxic effect of oxytetracycline 
consists in the formation of free radicals (hydroxyl 
radicals): does chlortetracycline in soil influence 
the activity of peroxidase and superoxide dismutase 
in roots and stems of yellow lupin (under 
photoperiodic conditions and in constant darkness)?  
 
 
 
 
 

MATERIAL AND METHODS 
 

Plant material and growth conditions. 
Seeds of yellow lupin (Lupinus luteus L.) cv. Mister 
were germinated for eight days in Phytotoxkit plates 
(MicroBio Test, Inc., Belgium). Germination was 
carried out under controlled climatic conditions 
with temperature set at 25° C and 90% relative 
humidity (RH), in a photoperiod (16/8 day/night, 
light intensity 3.4 klx) and in constant darkness. 
Ninety milliliters of soil (sand, vermiculite, peat 
1:0.3:1, v/v/v) were placed in each plastic 
microbiotest plate. The soil was covered with 
Whatman No. 1 filter paper and watered with 27 ml 
distilled water supplemented with chlortetracyclines 
(Sigma-Aldrich) at final concentrations of 5, 12.5, 
25, 50, 100 mg . kg-1 of soil. The control plants were 
watered with pure distilled water. The root length 
was estimated after eight days of germination using 
Image Tool for Windows. Fresh weight of seedlings 
was determined according to standard seed testing 
recommendations [33]. The experiment was carried 
out with four replicates, each containing 40 
seedlings.  

 
Chlortetracycline content in seedlings. The 

extraction of chlortetracyclines from eight days-old 
seedlings which had previously been rinsed with 
distilled water was performed by a manual solid 
phase extraction (SPE) method. Plant sap was 
squeezed from fresh plant material with mortar and 
pestle. For all extractions SPE cartridges 
Chromabond®Easy, 3 ml/200 mg, Macherey-
Nagel, Dtiren, Germany were used. SPE cartridges 
were rinsed with methanol and after loading with 
plant saps were eluted with 250 μl methanol. 
Chlortetracycline content in seedlings was analysed 
by HPLC according to [34] with small 
modifications. Briefly, the chromatographic system 
consisted of a Water Aliance 2695 HPLC system 
(Waters Corp.) with a binary high-pressure gradient 
pump, an automatic injector and a column oven 
(tab). The chromatographic column was an Atlantis 

 at 
40oC. The MS MS analyser consisted of Quattro 
micro® API MS (Waters Corp.) using electrospray 
in the positive mode (ESI+). N2 was used as 
nebuliser, drying, curtain and collision gas. A 
chromatographic gradient was applied for the 
separation of the analytes depending on the 
ionization mode employed, with a total 
chromatographic run of 18 min. Gradient elution 
was carried out with aqueous 0.1% formic acid : 
0.1% formic acid in acetonitrile at a flow rate of 
0.45 ml . min-1. Validation of the method included 
the assessment of selectivity, linearity  
(1 to 11 μg . ml-1), limits of detection (8 ng . ml-1) 
and quantification (26 ng . ml-1). Chromatographic 
system and data collection were controlled with a 
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MassLynx 4.1. chromatographic software 
interfaced to a personal computer. 

 
Guaiacol peroxidase activity. Extracts used 

to determine peroxidase activity were prepared on 
ice. The roots and stems (500 mg) that grew in soil 
with water or with chlortetracycline were 
homogenized for 30 minutes in the extraction 
buffer (0.1 M Tris/HCl, 8.75% 
polyvinylpyrrolidone, 0.1 M KCl, 0.28% Triton X-
100). Samples were centrifuged for 30 minutes at 
4000 . g at 4ºC. The supernatant was passed through 
membrane filters 0.45 μm in diameter. The protein 
content in samples was determined with the Lowry 
et al., (1951) protein assay. Peroxidase activity was 
determined based on the spectrophotometric 
detection (Cecil, CE2021 2000 Series) in mixture 
containing 100 μl 1% guaiacol, 2 ml 0.1 M 
KH2PO4, 150 μl supernatant and 20 μl 0.18% H2O2. 
The absorption rate increase was measured at room 
temperature at the wavelength of 470 nm. One Unit 
of activity equals oxidation of 1 μM H2O2 during 1 
minute. Each peroxidase activity analysis was 
carried out in four replications.  

 
Superoxide dismutase activity. Extracts used 

to determine superoxide dismutase (SOD) activity 
were prepared on ice. The roots and stems material 
(200 mg) were homogenized in the extraction 
buffer (1 ml) consisting of 50 mM phosphate buffer 
[pH 7.0], 1% polyvinylpyrrolidone, 0.1 M KCl, 
0.1% Triton X-100. Samples were centrifuged for 
15 minutes at 15 000 . g at 4ºC, and supernatants 
were used as crude extract for soluble protein 
quantification according to Lowry et al., [35] with 
bovine serum albumin as the standard. Total SOD 
activity was assayed by the inhibition of the 
photochemical reduction of nitroblue tetrazolium 
(NBT) according to modified method of Beyer and 
Fridovich, [36]. The reaction mixture (2.2 ml) 
contained, 0.05 M buffer Na2CO3/NaHCO3 (pH 
10.2), 0.0001 M EDTA, 0,0001 M xantin,  
2.5 . 10-5 M NBT and 50μl of plant extract. The 
reduction of NBT by superoxide radicals to blue 
coloured formazan was followed at 560 nm. One 
Unit of SOD activity is defined as that amount of 
enzyme required to inhibit the reduction of NBT by 
50% under the specified conditions per 1 mg 
protein.  
 
 
RESULTS 

 
Plant material and growth conditions. The 

impact of increasing chlortetracycline 
concentrations (0, 5, 12.5, 25, 50, 100 mg .  kg-1 of 
soil) on the growth of roots and stems of yellow 
lupin was investigated. Tests were carried out for 
eight days in a photoperiod or constant darkness. 
The length of roots and stems and their fresh weight 

was determined at the end of the experiment. 
Chlortetracycline present in soil inhibited the 
growth of roots and stems proportionally to an 
increase in the concentration of the drug. Roots 
growing for eight days in soil with 100 mg of 
chlortetracycline . kg-1 of soil without access of 
light and in a photoperiod were shorter by 65% and 
72%, respectively (Fig. 1A). Similarly to roots, the 
length of stems depended on the drug concentration 
and light conditions during the experiment. The 
growth of stems on soil contaminated with 100 mg 
of chlortetracycline . kg-1 of soil in darkness and a 
photoperiod was inhibited by 82 and 77%, 
respectively (Fig. 1B). The concentration of 
chlortetracycline at 50 mg chlortetracycline . kg-1 of 
soil caused a minor stimulation of stem growth in 
darkness.  

Longer plants growing in darkness had higher 
fresh weight of roots and stems compared to plants 
growing in a photoperiod. The fresh weight of roots 
growing on soil contaminated with the highest of 
the examined drug concentrations in darkness and a 
photoperiod was lower by 73% and 70%, 
respectively (Fig. 1C). The values of fresh weight 
were lower by 85% (darkness) and 84% 
(photoperiod). Similar to the length of stems, their 
fresh weight was stimulated with 50 mg of 
chlortetracycline . kg-1 of soil (Fig. 1D). 

 
Chlortetracycline content in seedlings. In 

lupin stems that were grown in a photoperiod, the 
content of drugs ranged from 10 to 370 ng . g-1 of 
fresh weight and increased together with 
incremental doses of chlortetracycline in soil. The 
content of chlortetracycline in roots of lupine 
seedlings growing in darkness was on average two 
times higher than in seedlings growing in a 
photoperiod and ranged between 42 and 643 ng . g-1 
of fresh weight. The exception were roots grown on 
soil that contained two of the lowest tested 
concentrations: 5 mg of chlortetracycline . kg-1 of 
soil generated a four-time increase in its content  
(42 ng . g-1 of fresh weight) and at 12.5 mg of 
chlortetracycline . kg-1 of soil, the content of the 
antibiotic in stems was 50 ng . g-1 of fresh weight 
(Fig. 2).  

Yellow lupin stems growing in a photoperiod 
contained less drug (from 4.5 to 10 ng . g-1 of fresh 
weight) than stems that were grown at constant 
darkness (from 5.5 to 34 ng . g-1 of fresh weight). In 
stems growing in a photoperiod on soil that 
contained the lowest of the tested concentrations  
(5 and 12.5 mg . kg-1 of soil), chlortetracycline was 
not detected as opposed to stems grown at constant 
darkness on soil with the same concentrations of the 
drug. Stems growing in a photoperiod on soil with 
the highest tested concentration of 
chlortetracycline, namely 50 and 100 mg . kg -1 of 
soil, contained on average three times less of the  
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FIGURE 1 
Root (A) and stem (B) length and fresh mass of root (C) and stem (D) growing under photoperiod (o) or at 

mg .  kg-1 of soil). Bars are the average ± SD, where bars are not apparent, the SD was smaller than the 
height of the symbol. 

 
FIGURE 2 

Chlortetracycline content in root (A) and stem (B) growing under photoperiod (o) or at constant darkness 
on soil supplemented with chlortetracycline concentrations (0, 5, 12.5, 25, 50, 100 mg .  kg-1 of soil). 

Bars are the average ± SD, where bars are not apparent, the SD was smaller than the height of the 
symbol. 

 
antibiotic in comparison with stems grown at 
constant darkness (Fig. 2). 

 
Enzymes activity. The activity of peroxidase 

and superoxide dismutase was evaluated in the 
roots and stems of 8-day-old yellow lupin seedlings 
depending on the examined concentrations of 
chlortetracycline. The activity of peroxidase in both 
roots and stems of lupin rose, together with 
increasing chlortetracycline concentrations in soil. 
However, in a photoperiod, the increase in the 
activity of peroxidase was lower in roots and stems 
than in darkness (Fig. 3A, 3B). The absolute values 

of peroxidase activity were higher in roots (the 
organs that are directly exposed to a drug) than in 
stems. In roots growing in a photoperiod, there was 
an increase in the activity of peroxidase by 35% in 
comparison with the control sample. In darkness, 
the increase in the activity of the enzyme up to 49% 
was recorded to the concentration of 50 mg . kg-1 of 
soil, yet at the highest chlortetracycline 
concentration (100 mg . kg-1 of  soil), there was a 
rapid reduction of peroxidase activity in lupin roots 
(Fig. 3A).  
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FIGURE 3 

Guaiacol peroxidase activity in roots (A) and stems (B) and superoxide dismutase activity in roots (C) and 

chlortetracycline concentrations (0, 5, 12.5, 25, 50, 100 mg .  kg-1 

total protein using BSA as standard according to Lowry methods. Bars are the average ± SD, where bars 
are not apparent, the SD was smaller than the height of the symbol. 

 
In stems, regardless of light conditions, there 

was an incremental tendency of peroxidase activity 
up to 64.4% and 68.5% in a photoperiod and 
complete darkness (Fig. 3B). The pattern of 
superoxide dismutase in roots and stems of yellow 
lupin seedlings was different. Regardless of the 
light conditions, the highest activity of superoxide 
dismutase was detected in roots and stems growing 
on soil contaminated with 25 and 12.5 mg 
chlortetracycline . kg-1 of soil (Fig. 3C, 3D). The 
activity of this enzyme in roots increased up to the 
concentration of 25 mg chlortetracycline . kg-1 of 
soil and rose up to 1.7 U (photoperiod) and 1.9 U 
(darkness) (Fig. 3C). The activity of this enzyme in 
stems increased up to the concentration of 12.5 mg 
chlortetracycline . kg-1 of soil and reached the 
highest values: 2 U (photoperiod) and 4 U 
(darkness) in comparison with the control. A further 
increase in the concentration of the drug in soil 
resulted in a rapid reduction of superoxide 
dismutase activity in stems regardless of light 
conditions (Fig. 3D). While comparing the activity 
of the investigated enzyme, it may be concluded 
that the activity of superoxide dismutase doubled in 
roots and stems growing in darkness in comparison 
with a photoperiod. In roots, it ranged from 
approximately 1 (photoperiod) to about 2 U 
(darkness), whereas in stems it ranged between 2 

(photoperiod) and 4 U at constant darkness (Fig. 
3C, D). 

 
 
DISCUSSION  

 
Studies on the impact of xenobiotics on plants 

destined for consumption are a very important 
component of the environmental evaluation. It has 
been found that chlortetracycline (CTC) in soil 
inhibits the growth of roots and above-ground parts 
in maize (Zea mays L.) and alfalfa (Medicago 
sativa L.) and thus reduces biomass yield [16, 37]. 
The concentration of oxytetracycline at 80 μmol . l-1 
reduces root mass in wheat by 73.23% and stem 
mass by 51.09% [38]. Among environmental 
factors, light plays an important role during growth 
and development of plants and may change the 
properties of many drugs and their phytochemical 
instability constantly increases [39]. Degradation of 

structure, pH of solution, humidity and temperature. 
Tetracycline is stable during storage at room 
temperature, in darkness and in humidity between 
20% and 65% [40]. Degradation of tetracycline 
consists, among others, in hydroxylation of some 
active groups in the drug. During degradation in the 
presence of light (photolysis), intermediate 
compounds are formed that are more toxic than 
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parent drugs [41]. Light and UV radiation play an 
important role in removing tetracycline from water 
[42]. Only 15 minutes of irradiation with solar light 
are needed to completely remove tetracycline from 
an aqueous solution [32]. The proven impact of 
light on tetracyclines was the reason for 
undertaking studies in a photoperiod and in 
darkness.  

In the studies reported here, chlortetracycline 
in soil inhibited the growth of roots and stems 

Fig. 1). 
The capacity to uptake drugs in such plants as 
Arabidopsis thaliana, tomato, Indian mustard and 
carrot was investigated by Bowman et al., [43] 
2011 and Bansal, [44]. The uptake of 
chlortetracycline by plants is based on passive 
transport [45]. Our studies also demonstrated that 
yellow lupin seedlings growing for eight days on 
soil contaminated with chlortetracycline took up the 
drug (Fig. 2). The concentration of chlortetracycline 
in stems was lower than in roots (Fig. 2). This data 
indirectly indicates passive transport and deposition 
of the drug in the stem. Although the concentration 
of chlortetracycline in maize (Zea mays L.), green 
onion (Allium cepa L.), and cabbage (Brassica 
oleracea L. Capitata group) is low (2-17 ng . g-1) 
fresh weight), it increases together with incremental 
amounts of the drug in slurry[46]. Similarly, 
chlortetracycline is taken up by vegetable crops 
[47]. The concentration of chlortetracycline in 
yellow lupin root and stem tissues was 10 ng . g-1 of 
fresh weight and rose parallel to the increasing 
concentrations of the antibiotic in soil (Fig. 2). The 
concentration of CTC in lettuce and tomato is 3.4 
ng . g-1 and 0.7 ng . g-1, respectively [48]. Based on 
the conducted studies, it may be concluded that the 
determined content of chlortetracycline in roots and 
stems of lupin seedlings depended on the degree of 
soil contamination with the antibiotic and that roots, 
as the organs with a direct contact with soil, 
contained more drug than stems. The increase in 
soil contamination with chlortetracycline generated 
an increase in the content of the drug in roots and 
stems. The tested experimental conditions 
(photoperiod and content darkness) indicate that the 
presence of light (or lack thereof) during the growth 
of yellow lupin determined the amount of uptaken 
drug. Roots and stems that were grown in light 
contained less chlortetracycline than the plants 
grown in darkness (Fig. 2). The results proved that 
tetracyclines are degraded under the influence of 
light. A confirmation of our studies and studies by 
Jiao et al., [30] found reduced peroxide and 
supeoxide dysmutase activity in stems and roots of 
lupin growing in a photoperiod, which proves that 
light has an effect on the phytotoxicity of 
chlortetracycline.  

The studies provided, for the first time, a 
comparison of the impact of photoperiod and 
darkness on the uptake of chlortetracycline, a drug 

belonging to tetracyclines which, according to Jiao 
et al., [30], are thought to be degraded when 
influenced by light.   

Light conditions affected the content of 
chlortetracycline in the examined organs of yellow 
lupin. A higher amount of the drug was detected in 
roots and stems growing in darkness 643 and 34  
ng . g-1 fresh weight, respectively (Fig. 2). 
Peroxidase and superoxide dismutase were 
investigated because they are the enzymes involved 
in antioxidative defense mechanisms (reduction of 
O2

- excess in vegetal tissues). The activity of 
peroxidase and superoxide dismutase rose together 
with increasing concentrations of chlortetracycline 
in soil up to 25 mg and 12.5 mg  
chlortetracycline . kg-1 of soil in yellow lupin stems 
and roots, respectively (Fig. 3). Thereafter, this 
increase in the concentration of the drug in soil and 
in plants induced a rapid reduction in the activity of 
peroxidase and superoxide dismutase. The activity 
of these enzymes was higher in roots and in stems 
growing in darkness (Fig. 3). Chlortetracycline was 
found to be a stress factor to yellow lupin seedlings 
that contributed to an increase in the activity of the 
tested enzymes. Maize (Zea mays L.) reacted 
similarly to CTC in early growth stages and, 
influenced by the drug, generated free hydroxyl 
radicals, which increased the activity of 
antioxidative enzymes [16]. A reduction in the 
activity of superoxide dismutase and catalase was 
found in Phragmites australis (Cav.) Trin. ex Steud 
under the influence of oxytetracycline. The highest 
concentration of the drug (1000 mg . l-1) inhibits the 
activity of enzymes by over 50%. In contrast, the 
activity of peroxidase follows a different pattern, as 
it is dramatically increased at lower concentrations 
of antibiotics in a solution [49].  

It has been shown that chlortetracycline also 
impacts the respiratory enzymes (NAD-malic 
enzyme) and alters calcium-dependent processes in 
vegetal tissues. The uptake of chlortetracycline by 
roots reduces the content of intracellular calcium 
due to chelation [43]. It was demonstrated that the 
content of chlortetracycline in yellow lupin tissues 
growing in a photoperiod was lower than in plants 
growing in darkness.  

 
 

CONCLUSION  
 
The studies indicate that yellow lupin 

seedlings take up chlortetracycline from soil more 
intensely when the plants are grown in darkness 
than in a photoperiod. The content of the drug in 
the plant rises together with the increasing 
concentration of the antibiotic in soil. The activity 
of peroxidase and superoxide dismutase under 
photoperiod is lower than in plants growing in 
darkness. It is quite possible that light conditions 
may play a significant role also in other studies on 
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the effects of environmental toxins (not necessarily 
antibiotics) on plants. 
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ABSTRACT 

 
GIS modeling is a new tool used in landfill 

site selection in urban and rural areas. Previously 
used deterministic methods and techno-economic 
criteria used within multi-criteria evaluation proved 
to be insufficient in any relevant and accurate 
theoretical considerations, since the choice of 
methods and criteria resulted in a subjective 
evaluation. In addition, the problem also lay within 
the fact that the planning evaluation did not include 
social criteria in the context of the landfill site 
selection. This paper will present a new, adapted, 
and socially adjusted methodology which will 
improve expert multi-criteria evaluation for the 
selection of landfill sites, with a clear emphasis 
placed on social considerations (preferences of the 
local population, behavioral models, etc.). This 
methodology was applied to the selection of landfill 
sites in the territory of villages in the Stara planina 
Nature Park, located in Eastern Serbia. The 
research was conducted using the ArcGIS Spatial 
Analyst software, with the aim of stressing the 
importance of using mathematical and geo-
statistical analysis in planning practice. 

The overall conclusion of this research is that 
the degree of success in solid waste management in 
rural settlements primarily depends on the degree of 
participation of local residents in the decision-
making process (especially in landfill site 
selection). The GIS model used in this research 
could be adapted to offer multiple applications in 
different location studies in spatial planning. 
 
 
KEYWORDS: 
GIS modeling, landfill site selection, social criteria, 
villages in Serbia 

 
 
INTRODUCTION 

 
There have been an increasing number of 

theoretical studies in the domain of environmental 
planning and waste management planning [1], [2], 
[3], [4], [5] directed towards finding adequate solid 

waste management systems and waste planning 
methods, primarily in urban centers and places with 
a high population density. These studies indicate 
the importance of the adequate treatment of waste 
by means of recycling and/or disposal at landfill 
areas outside of the city centres. On the other hand, 
in rural areas, the research activities that are carried 
out in the field of municipal solid waste 
management are considerably smaller in scope, or 
are, as in the case of Serbia, practically neglected. 
Structural differences in demographic and 
economic characteristics, in the behavioral patterns 
of the local residents, as well as in the 
environmental premises in towns and villages, also 
require different inputs in determining the methods 
and locations for disposing of municipal waste in 
rural areas. The smaller number of studies that have 
indirectly dealt with rural areas [14], [15] have used 
the so-called techno-economic criteria for landfill 
location (engineering and geological ground 
conditions, property-legal relations, economic 
efficiency, etc.) [11]. However, despite the use of 
these planning-based criteria, criteria for the 
selection of existing landfill sites have not been 
taken into account that originate directly from the 
local people, their behavioral patterns, affinities, 
etc. (the criteria of open landfills). These criteria 
have neither been the subject of contemporary 
research, nor have they been taken into account in 
landfill site selection.  

However, considering that, due to the 
marginalization of the criteria for open landfills, 
certain theory-based selections of landfill sites have 
not been implemented, a new field of research has 
been opened with the aim of determining the 
correlations between criteria/conditions taken into 
account in creating open landfills and the location 
criteria/conditions that are a result of theoretical 
assessment and scientific foundations, as well as 
research with clearly predefined methodology 
(techno-economic criteria). This has been taken as 
the basis for the hypothesis of this research study. 
The main problem that has led to the formulation of 
the hypothesis of this research is the fact that the 
issue of waste management in rural areas has been 
raised by only a small number of authors in terms 
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of the latest theory. Therefore, the hypotheses 
which are tested in this study are based on decision 
theory, location theories, behavioral theory, the 
theory of rational planning, participatory planning 
and others. The main hypothesis that this study 
sought to test is whether there is a correlation 
between the criteria/conditions which occur with 
the spontaneous creation of landfills, (which are 
based on behaviour models of the local population, 
with their habits, affinities and visual assessments) 
and the local criteria/conditions that are a result of 
theoretical checks, scientific foundation and 
research with clear, pre-established methodology.   

The entire methodology for this research and 
testing is primarily based on a comparative analysis 
of different case studies (examples) conducted by 
well-known researchers in the sphere of the GIS 
application for landfill site selection in rural 
settlements (Greece, Spain, China)  [6], [7], [8], [9], 
[10], [11], [12], [13], [14], etc. It is also based on 
the establishment of joint location criteria which 
could be taken into account as the general techno-
economic criteria, as well as on predefined multi-
criteria analyses (through modified and adapted 
AHP (analytic hierarchy process)and SAW (Simple 
Additive Weighting Method ) methods and methods 
of socially-based multi-criteria analysis), and 
techno-economic criteria for the landfill site 
selection in a pilot area in Serbia (villages of the 
Stara planina mountain Nature Park), as well as the 
multi-criteria analysis of open landfills based on 
spontaneously created criteria. Furthermore, the 
degree of concordance between locations obtained 
through the analysis of techno-economic and open 
landfill criteria has been determined through a 
comparative analysis, and conclusions have been 
drawn. All of the mentioned phases rely on the 
direct application of GIS technologies in the 
analysis, in which geospatial databases are created 
and used for detailed visualization of the results. In 
this way, a model has been created which, when 
adapted to local conditions, can be used for landfill 
site selection in rural settlements with different 
geographic, demographic and engineering-
geological characteristics, etc. These methods were 
monitored in all phases, both through the survey 
method and through regression analysis of the data 
(in order to identify the attitudes of local people on 
the selection of methods and sites for solid waste 
management purposes, as well as to define specific 
open landfill criteria). 

 
 
MATERIALS AND METHODS 

 
The methodology used within this research 

represents a consolidation of the existing 
methodological frameworks used for landfill site 
selection, also supplemented with the analysis 

carried out using the geospatial databases 
(GIS methodology). 

Through a comparative analysis of certain 
examples of European, but also world practice 
(Greek, Spain, China, etc.), it can be seen that 
authors [9], [14], [15] and [16] have also defined 
methods for structuring the model-based approach 
used in the landfill site analysis, as well as for the 
uniform location criteria used in them. The 
mentioned analyses and research activities have 
been taken into consideration, due not only to their 
specific methodology for selecting sites, but also, 
and primarily, due to a direct link between the 
social aspect and the aspect of decision-making 
related to the location conditions.  

The analysis was performed by combining 
multi-criteria analyses and AHP methods. It was 
then visualized and mathematically modeled 
through a geographic information system. Based on 
representations of the abovementioned successful 
scenarios , i.e. principles of landfill site selection 
for waste management purposes that have already 
been implemented, it was also possible to establish 
a research framework by laying down a uniform 
methodological procedure for determining realistic 
location parameters for this type of activity in 
Serbia. Thus, not only was a clear methodological 
procedure in the form of recommendations for 
further implementation defined, but also a specific 
model for defining landfill sites in rural settlements. 

After selecting the methodology for the 
location analysis, it w s necessary to establish the 
evaluation criteria based on predefined 
methodologies. There are location-specific 
requirements, or factors, that depend on various 
parameters linked to site-specific natural 
conditions. These conditions are: hypsometry, 
slope, terrain exposition, presence of ground and 
surface waters, water accumulations, soil, flora, 
fauna, previous protection, geomorphology, 
geology, seismics, flood-proneness, soil 
engineering, geologic conditions, etc. They also 
depend on certain economic factors such as location 
availability, property/legal relations, costs of 
preparation, connection with surroundings/transport 
costs, the problem of parcel revitalization, etc. The 
research conducted by [3], [10], [14] and [16] only 
recognizes these criteria, but does not consider open 
landfill criteria which are directly associated with 
the behavioral patterns and affinities of local 
people. In this research, these criteria have been 
classified into: the free space criterion (ownership 
of the land, location availability); distance from 
housing groups in the village; terrain configuration 
(geomorphologic criterion); visual impression 
(aesthetic criterion); behavioral patterns (models)  
habits; and consent of those living in rural 
settlements (public participation).  

This set of criteria has also been supplemented 
with the opinions of local residents from several 
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villages on the territory of the Republic of Serbia 
who took part in various field surveys and 
interviews.   

In the evaluation process, a large number of 
man-made and natural location factors were 
selected, and their ranking was performed by 
weighting their importance for each area. Criteria 
weighting is based on the analysis and opinions of 
experts. Thus, this evaluation can also be 
considered as a quantitative classification of 
location factors. After classification of the location 
factors, based on their theoretically and empirically 
predefined levels of importance for a specific 
problem, the suitability limit values were defined 
for each individual evaluation criterion (or location 
factor). Namely, the quantitatively and qualitatively 
checkable parameters for each of the location 
factors give the land capacity value (qualitative 
determinant of suitability) relative to the considered 
problem, thereby their suitability is given the value 
expression (1-5, 1-10 or classification into suitable, 
conditionally suitable and unsuitable) related to the 
land use. 

Cartographic diversification of space 
depending on the degree of suitability of the 
location relative to the previously established 
location criteria was carried out using a geographic 
information system within the ArcGIS (Spatial 
Analyst) software package. This methodology 
contributed not only to the easier geospatial 
consideration of locations, but also enabled the 
creation of more accurate, mathematics-based waste 
disposal sites in rural settlements using  
mathematical procedures. The calculations were 
performed using the ArcGIS Spatial Analyst 
software package for performing not only the 
mathematical calculation of the most suitable 
location, but also its visualization. A raster of 
specific zones or line directions was created to 
show the distribution of constraints and their later 
reclassification relative to the suitability criteria 
which are commonly used in Serbia (suitable, 
unsuitable, conditionally suitable). Thus, a clear 
idea of the zoning of the location criteria was 
obtained. Through overlapping the degree of 
suitability of different location criteria and their 
recalculation using this software package, accurate 
mathematically calculated locations were created 
that are directly related to the previously 
established weights and location criteria. The 
results obtained in this way are graphically 
expressed as dots or zones according to the 
predefined weights. 

The area of three villages located in the Stara 
planina Mt. National Park in Serbia was chosen as 
the pilot area in which the main hypothesis was 
tested. 

 
Case Study- 3 Villages Located In The 

Stara Planina Mt. National Park. Three villages 

located in the Stara planina Mt. National Park 
(the 
the Serbian municipalities of Pirot and 
Dimitrovgrad) were chosen as a pilot area for 
testing the GIS model. The reason for choosing 
these villages lies not only in the availability of 
significant databases and expertise necessary for 
various plans and studies [17], [18], but also in the 
fact that the mentioned area is a protected natural 
area. Therefore, this elimination criterion was taken 
into consideration in addition to the other techno-
economic parameters, thus increasing the relevance 
of this research . In order to define the method and 
system for municipal solid waste disposal in the 
territory of rural settlements in Serbia, as well as to 
use previously elaborated methodology, it was 
necessary to determine the main input parameters, 
including: data on spatial coverage of settlements 
(topographic features, development of traffic, water 
resources and energy infrastructure, existing waste 
management system, locations closest to the 
existing/planned landfills), population 
(demographic structure and projections of the 
resident population, disposition of settlements), 
data on the amount and structure of municipal solid 
waste in rural settlements and data on the existing 
methods of household generated solid waste and 
wastewater treatment.  

After creating a database on the 
abovementioned parameters, it was necessary to 
carry out their mapping, through determining the 
exact locations of the rural settlements, existing 
waste disposal sites, existing and planned land use, 
existing and planned protection zones of natural 
and cultural heritage, possible 
geomorphologic/hydrogeological barriers in the 
terrain (water accumulation protection zones, 
infrastructure corridors, etc.) and the spatial 
distribution of the space users (based on the 
projected population) [19]. All of the mentioned 
multi-criteria analyses were conducted using the 
ArcGIS (Spatial Analyst) software package, and 
based on our own methodology, as well as on 
studies by authors [13], [16], [20], [21] and [23]. 
All of the mentioned parameters are necessary for 
defining the waste collection method in a given 
territory, and also to tentatively define the locations 
and outlines of the landfill capacity in villages. 
From the aspect of determining the potential 
landfill sites, it was necessary to conduct additional 
analyses [22]. The research encompassed the 
determination of techno-economic, deterministic 
criteria used in the landfill site selection (such as 
geological, hydro-geological, geo-morphological, 
seismic, climatic criteria, existing and planning 
methods of land use, ecological criteria, criteria for 
the protection of natural and cultural historical 
values, existing infrastructure, etc.).  

Altogether 18 different criteria were 
determined, according to which the most suitable 
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locations for the newly planned landfill sites in 
villages were determined using AHP methodology.  

However, based on previous research, and also 
on the authors  practical experience, it was revealed 
that not all criteria can be classified in the same 
rank. Therefore, it was necessary to carry out the 
ranking of their relevant importance to the problem. 
Three criteria were defined based on their rank of 
importance, as it follows:  

 rank 3, weight 0.15, 
 rank 2, weight 0.35 and 
 rank 1, weight 0.5.  

The lowest ranking criteria are related 
to the hypsometric, seismic, climate and 
infrastructure facilities. In fact, since there is a huge 
difference in elevation between the villages of Stara 
Planina Mt., elevation is given third place in the 
range of criteria. The situation is similar for the 
seismic criterion, which can be considered as an 
immutable category. Climatic characteristics 
(which serve as bonus criterion for elimination) and 
radial distance of point infrastructure (substations, 
etc.) are also in this rank. 

(a) (b) 

(c) (d) 

FIGURE 1 
Zones suitable for landfill construction relative to the aspect of area hypsometry (a), distance from 

watercourses (b), distance from water accumulations (c),  distance from infrastructure facilities (d) 
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Rank 2 includes the criteria in connection with 
slope, distance from objects of cultural heritage, 
distance from energetic and telecommunicational 
corridors etc. 

Rank 1 includes the most important criteria in 
the area of municipal solid waste management: 
social acceptance (which is evaluated qualitatively), 
distance from the transport infrastructure, distance 
from the natural areas (the above mentioned 
villages are situated in the Nature park) and all the 
other criteria related to hydrogeological and 
geological characteristics. 

 
 

RESULTS AND DISCUSSION 
 
After the weighting of criteria, their values 

were established, and based on them, the evaluation 
was conducted. 

Serbian planning practice recognizes the 
classification of locations in relation to the criteria 
of three-level benefits (1-3) - suitable, conditionally 
suitable, unsuitable position. This categorization is 
maintained in the framework of the approach used 
for this model.  
All the criteria were additionally evaluated using a 
geospatial database and then graphically presented. 
The most suitable locations have been denoted in 
green, the conditionally suitable ones are yellow, 
while the unsuitable sites according to these criteria 
are red. It is interesting to note that the research has 
been based only on three quantitative suitability 
ranks (suitable, conditionally suitable and 
unsuitable), since this is a common classification in 
Serbian planning practice. Figure 1 (a,b,c,d) depicts 

the analyses of specific rural settlements 
which are situated in the pilot area located in the 
Stara planina Mt. Nature Park (which has three 
protection regimes of natural and cultural areas 
[24]). In Figure 1, zones suitable for landfill 
construction are presented relative to the aspect of 
area hypsometry (a), distance from watercourses 
(b), distance from water accumulations (c), and the 
suitability levels of locations depending on their 
distance from infrastructure facilities (d). Figure 1 
shows only some of the analyses (out of a total of 
18). Other analyses are suitability analyses relative 
to locations of existing settlements, climatic 
parameters, distance from state roads of the first 
and second category, etc. [25]. 

 
The locations obtained through the analysis 

are a direct reflection of the predefined techno-
economic criteria, which can also be determined 
with a higher level of accuracy through an 
additional, more detailed, analysis (Figure 2a). 
Parallel to this analysis, an analysis for identifying 
the existing landfill sites was also conducted in the 
chosen pilot area of villages in the Stara planina 
mountain Nature Park (Figure 2b). In order to prove 
the initial assumptions on the significance of social 
criteria in selecting waste disposal sites in rural 
settlements, an additional criteria  social 
acceptance, was included in the originally realized 
techno-economic model, and a new set of locations, 
territorially considerably closer  to open landfills, 
were determined though additional analyses (Figure 
2c). 

 

 

   

FIGURE 2a) 
Final result of evaluation 

according to techno-economic 
criteria in the ARCGIS software 

package 

FIGURE 2b) 
Dotted distribution of open 

landfills in one of the analyzed 
localities (Stara planina Mt. 

Nature Park) 

FIGURE 2c) 
Result of multi-criteria analysis 

with the additional rank of social 
acceptance for the site (with 

existing landfill sites) 
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Based on comparative representations of the 
existing open landfills, as well as locations obtained 
through the model-based approach, it may be 
concluded that the degree of success in solid waste 
management through the construction of 
landfills/transfer stations/recycling yards in rural 
settlements primarily depends on the degree of 
participation of the local population in the decision-
making process in the sense of taking into account 
their attitudes in making decisions and, even more 
importantly, the degree to which their habits and 
behavior are taken into account in the multi-criteria 
analysis.  

While surveying local residents for this 
research, it was determined that the landfill location 
was spontaneously formed based on the criteria of 
free space, i.e., on places for which property law 
relations are unknown (in cases of waste disposal in 
riverbeds, traffic corridors), or in places in which 
waste packaging was disposed of due to specific 
use (local stores). It is interesting to note that the 
local population continued to dispose of their waste 
at the same location, even after the shop had closed 

be said a formed reflex to dispose of plastic bottles 
in this location . Not one inhabitant could explain 
why they still, almost a year after the shop had 
closed, continued to dispose of their waste at this 
location  In addition to this, the survey results show 
that the locals who are currently disposing of waste 
at that location are prepared to sort their own waste, 
not only for an evident financial compensation, but 
also for the possibility of doing something useful 
and entertaining in their free time . 

This clear cause-and-effect relation that exists 
in human behavior models, but also the 
demographic structure and habits and way of life, 
on the one hand, and waste disposal, on the other 
hand, indicate that the individual interests of the 
local population, their habits, as well as personal 
preferences, are a major factor in selecting waste 
disposal sites. In this sense, and due to a way of life 
that mainly does not include social engagement, it 
is possible to take action to stimulate villagers to 
collect waste within the village territory. 

In the context of decision-making it can be 
concluded that although the model approach from 
the viewpoint of spatial planning is more relevant, 
given that it includes an evaluation of all the 
available factors of location  and behind the 
establishment of favorability criteria lies expert 
insight into the problem  in decision-making 
processes the social factor is most frequently 
defined as a decisive factor, i.e., the acceptability 
degree of the location/ local participation. Thereby, 
it was confirmed that for the precise determination 
of landfill location and/or transfer station it is 
necessary to include the habits, behavioral patterns 
and affinities of the locals in the decision-making 
processes. 

The new combined methodology used 
in this research, with some small alterations, can be 
used for determining the locations for other 
potentially environmentally hazardous uses. By 
changing the number of criteria and their rank 
inside the model, the research can achieve an even 
greater level of detail.  

Unlike the methodologies of the previously 
mentioned authors for finding locations for landfill 
sites [11], [13], [14], [15], [16], this method has 
shown significant success in terms of social 
acceptance, since, apart from the techno-economic 
criteria, it also takes into account criteria considered 
relevant by the local residents. Compared to the 
mentioned authors, this research has achieved a 
significant step forward in the quantification and 
weighting of social criteria, which has resulted in 
the convergence of locations by also including the 
modeling of locations where the local residents 
disposed of their waste. This emphasises the 
significance of respecting the social criteria in any 
relevant analysis of location. 

 
 
CONCLUSIONS 

 
Research into the existing means of waste 

disposal in villages in Serbia, but also worldwide, 
has enabled the creation of a basis for more detailed 
consideration of the approach to this problem so 
far. Through specific research into the existing 
waste disposal sites in the area chosen as the 
research area (villages of the Stara planina 
Mountain), as well as through determining model 
and theory-based locations and their degree of 
territorial convergence  depending on changes in 

the significance of social factors in the overall 
multi-criteria analysis of space for specific land-use 
(solid waste disposal), this paper presents the main 
suggestions regarding increasing the importance of 
social factors in multi-criteria analyses. The 
methodological procedure implemented was based 
precisely on the fact that previously used techno-
economically generated models have introduced the 
social criterion but paid no special attention to it in 
the past. In current world research activities, the 
social criterion is rather marginalized, because of 
which the major constraint in finding locations for 
facilities according to the previously established 
model lies in the inability of local people to adapt to 
the new purpose of the site.  

This GIS model, created for ranking the 
location suitability from the aspect of different 
criteria, may after further elaboration (by increasing 
or reducing the number of criteria, depending on 
the research), be used for diverse multi-criteria 
location analyses that are not directly associated 
with waste management. Thus, the model also finds 
multiple applications in different location studies in 
spatial planning. 
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More relevant research results have been 
achieved using GIS instruments in combination 
with standard AHP and SAW analyses than in 
previous studies, thus also achieving a higher 
degree of objectivity in research on locations. Thus, 
it may be concluded that, besides standard methods 
in spatial location analyses, it is also necessary to 
include the new GIS instruments which provide 
more accurate models that find multiple 
applications in environmental planning. 
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ABSTRACT 
 

Coontail (Ceratophyllum demersum L.) is an 
important aquatic macrophyte used for 
phytoremediation of heavy metals. Shoot tip, 1st and 
2nd nodal meristem explants were cultured on 
Murashige and Skoog (MS) medium containing 
0.05-0.40 mg/L 6-benzylaminopurine (BA) + 0.10 

-Naphthalene acetic acid (NAA). Shoot 
regeneration frequency ranged 83.33-91.67% and 
58.33-83.33% and 50.00-91.67 % respectively for 
of shoot tip, 1st and 2nd nodal meristem explant. 
Number of shoots per explant ranged 10.33-29.53, 
16.25-26.89 and 12.42-24.66 for shoot tip, 1st and 
2nd stem nodes respectively. Maximum number of 
29.53 and 26.89 shoots per explant of shoot tip and 
1st stem node were obtained from MS medium 
containing 0.10 mg/L BA+ 0.10 mg/L NAA. 
Whereas,  maximum of (24.66) shoots per explant 
from 2nd stem node were scored on MS medium 
with 0.05 mg/L BA+0.10 mg/L NAA. Mean shoot 
length for shoot tip, 1st and 2nd stem node explants 
ranged 0.50-1.49 cm, 0.94-1.93 cm and 0.68-1.68 
cm respectively. In vitro regenerated plants 
significantly affected the water quality of water 
samples. Water conductivity and hardness of dam 
water increased after 15 and 30 days.  While water 
conductivity and hardness of tap water decreased 
after 15 and 30 days. Water conductivity of 
drinking water decreased after 15 and 30 days with 
no change in hardness. pH of all water samples 
increased after 15 and 30 days. Only drinking water 
had high Al, Fe and Cu concentrations and Al 
concentration decreased from 51.0 μg/L to below 
20 μg/L, Fe concentration decreased from 372.0 

concentration in public water was very high (360 
μg/L) and decreased rapidly to below 0.02 μg/L 
within 15 days (S2) after culture of in vitro grown 
plants. The study suggests the possible and efficient 
use of in vitro grown coontails plants for 
phytoremediation studies.  
 
 
 
 

KEYWORDS:  
Heavy metals; In vitro; Stem node explants; Water 
quality 
 
 
INTRODUCTION 

 
Phytoremediation that include 

phytoextraction, phytodegradation, rhizofiltration, 
phytostabilization and phytovolatilization is a 
process of cleaning water bodies or to render them 
harmless by introducing plants in their environment 
that have ability to absorb contaminants through 
leaves, roots or other body part [1]. Non-radioactive 
(Cd, Cu, Hg, Pb and Zn) or radioactive (Sr, Cs and 
U) toxic elements are introduced into environment 
through industrial, agricultural or domestic wastes. 
These metals cause DNA damage and have 
carcinogenic effects on humans and animals due to 
their ability to mutate [2, 3]. Heavy metals can stay 
in soil for centuries due to non-degradable and 
without intervention. These elements could be 
easily removed from water and soil environment by 
phytoremediation using plants [4, 5].   

Aquatic plants are found in natural 
environment with ability of pytoremediation. 
Submergent aquatic macrophyte coontail or 
hornwort (Ceratophyllum demersum L. family 
Ceratophyllaceae) [6, 7] is an aquatic plant that 
provide many benefits to aquatic organisms like 
zooplankton, bacteria and fish [8, 9]. It is largely 
associated with phytoremediation of heavy metals 
[10-14] and as pollution biomonitor of water bodies 
[15]. Although, aquatic plants show wide 
distribution in water bodies all over the world and 
can grow and propagate by vegetative means. These 
plants are collected from water bodies for different 
purposes like medicinal or phytoremediation 
studies. Recent advances in plant tissue culture 
techniques enable to develop micropropagation 
protocols for environment friendly plants to cope 
with increasing pollution. Micropropagation could 
help in easy multiplication of phytoremediation 
plants; that could be introduced in large number 
thereafter to keep environment safe clean and 
healthy [16]. Depending on need and strategy, 
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plants could be transformed for phytoremediation 
purpose and these transgenes could accumulate 
toxic heavy metals in their body [17, 18]. There are 
reports that show over expression of specific genes 
in transgenes results in increased metal uptake, 
sequestration, translocation, and targeting of 
intracells. Tissue culture and genetic transformation 
are powerful tools that can be used to create or 
involved in transition metal transport [19]. 

In this study, we propagated coontail plants 
under in vitro conditions followed by checking the 
efficacy of these in vitro grown plantlets on 
cleaning water samples collected from different 
sources. 

 
 

MATERIALS AND METHODS 
 
The coontails plants were purchased from a 

local ornamental aquarium seller of Karaman 
province in Turkey. Surface sterilization of the 
twigs was performed accordingly reported by 
Karatas et al. [20]. Thereafter, shoot tip, 1st and 2nd 
nodal meristem explants were isolated under aseptic 
conditions and they were cultured on MS [21] 
medium enriched with 3% sucrose and 0.05, 0.10, 
0.20 and 0.40 mg/L BA + 0.10 mg/L NAA (Table 
1) in Magenta GA7 vessels and solidified with 
0.65% agar. After 8 weeks of culture, multiple 
regenerated shoots were isolated under aseptic 
conditions for introduction in aquariums. The 
experiment was run in triplicate and the pH of all 
culture media was adjusted to 5.8±0.1 before 
autoclaving (103.4 kPa atmospheric pressure, 120 
°C for 21 min). The cultures were incubated under 
16-h light photoperiod (1500 lux) using white Light 
Emitting Diodes (LED) lights.  

Water samples from Gödet Dam, public 
drinking water in Karaman and tap water of  

Molecular Biology and Biotechnology 
Laboratory of Biology department, Karamanoglu 
Mehmetbey University were collected and analyzed 
(S1) before use in order to check the effects of in 
vitro propagated plants on water quality. Plants of 
similar length (~ 8-10 cm) were divided into sets of 
equal number (10 plants) and transferred to small 
aquariums (18×10×20 cm) containing 2000 cm3 
water. The aquariums were placed in growth room 
at 26±2°C in three replicates. Data regarding water 
conductivity (20°C), pH and hardness, Aluminum 
(Al), Iron (Fe), Copper (Cu), and Fluorine (F) were 
evaluated at Public Health Laboratory, Ministry of 
Health, Karaman, Turkey after 15 days (S2) and 30 
days (S3) respectively.  Water conductivity (μS/cm) 
and pH of all the samples were analyzed by using 
electrometric method. Hardness (°F) of the water 
samples were analyzed by titration method. 
Concentrations of Aluminum (Al) (μg/L), Iron (Fe) 
(μg/L) and Copper (Cu) (μg/L) were analyzed by 
Spectronic Unicam Spectrophotometer using 
respective kits by Merck (Germany). To analyze the 
results of water samples, they were compared with 
minimum value approved by Ministry of Health, 
Turkey. 

Statistical analysis was performed as one-way 
ANOVA using IBM SPSS 20 for Windows. Means 
were compared using post hoc Duncan multiple 
range test. Data given in percentages were arcsine 
transformed [22] before subjecting them to 
statistical analysis. 
 
 
RESULTS 

 
In vitro micropropagation: All explants 

showed shoot initials on all culture mediums within 
two weeks followed by multiple shoot induction 
within 4 weeks. After 8 weeks of culture, data 

 
 

TABLE 1 
Response of different nodal explants of Coontail to BA-NAA on multiple shoot regeneration 

 

BA 
(mg/L

) 

NAA 
(mg/L

) 

Frequency of Shoot 
Regeneration (%) 

Shoots Per Explants Shoot Length (cm) 

shoot 
meristem 

1st 
stem 
node 

2nd 
stem 
node  

shoot 
meriste

m 

1st stem 
node 

2nd stem 
node  

shoot 
meriste

m 

1st stem 
node 

2nd stem 
node  

0.05 0.10 83.33 66.67 58.33b 19.67ab 18.55b 24.66a 1.49b 1.33c 1.23bc 

0.10 0.10 83.33 75.00 50.00b 29.53a 26.89a 15.55b 1.73b 1.93b 1.68b 

0.20 0.10 91.67 58.33 91.67a 10.94bc 17.44b 14.94b 0.66c 1.04c 0.79c 

0.40 0.10 91.67 83.33 58.33b 10.33bc 16.25b 12.42b 0.50c 0.94c 0.68c 

Control 91.67 91.67 
100.00

a 
1.19c 1.72c 1.58c 4.02a 2.45a 2.78a 

Means followed by different small letters within columns are significantly different (p<0.01
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regarding frequency of shoot regeneration (%), 
shoots per explant and mean shoot length were 
taken and subjected to statistical analysis. The 
results  revealed that explants showed significantly 
different response (p<0.01) to variants of BA + 
NAA in terms of shoot regeneration frequency of 
shoot tip,  1st and 2nd stem nodes that  ranged 83.33-
91.67%, 58.33-83.33% and 50.00-91.67 % 
respectively (Table 1).  Comparing explants type, 
shoot regeneration frequency of shoot tip explant 
was relatively better compared to 1st and 2nd stem 
nodes on all concentrations of BA+NAA. Shoot 
regeneration on MS medium (Control) ranged 
91.67-100.00%.  

Results on number of shoots per explant of all 
explants showed significant differences (p<0.01) 
among them and ranged 10.33-29.53, 16.25-26.89 
and 12.42-24.66 for shoot tip, 1st and 2nd stem 
nodes respectively. Whereas, 1.19-1.72 shoots per 
explants were recorded on MS medium (control). 
Maximum number of shoots per explant were noted 
on shoot tip (29.53) and 1st stem node  (26.89) 
cultured on MS medium containing 0.10 mg/L BA+ 
0.10 mg/L NAA. Contrarily, maximum of (24.66) 
shoots per explant of 2nd stem node were obtained 
on MS medium supplemented with 0.05 mg/L 
BA+0.10 mg/L NAA. Increasing concentrations of 
BA with 0.10 mg/l NAA were inhibitory with 
decreased number of shoots on all explants.  

Mean shoot length of all explants showed 
significant variations (p<0.01) with range of 0.50-
1.49 cm, 0.94-1.93 cm and 0.68-1.68 cm 
respectively for shoot tip, 1st and 2nd stem node 
explants. In general, longer shoots were recorded 
on 1st stem node explant compared to shoot tip and 
2nd stem node explant on all variants of BA + NAA. 
Maximum shoot length on all explants was 
recorded on MS medium supplemented with 0.10 
mg/L BA+0.10 mg/L NAA. However, 
comparatively longer shoots were recorded on all 
explants cultured on control (MS medium). 

 
Effects of in vitro propagated plants on 

water quality: In order to check the efficacy of in 
vitro regenerated plants on water quality, 
regenerated plants were transferred to the 
aquariums containing different water samples 
collected from Karaman and analyzed after 15 (S2) 
and 30 days (S3). Water conductivity of dam, 
public and tap water prior to transfer of plants (S1) 
was recorded 324, 1088 and 508 μS/cm 

respectively (Fig. 1a). In vitro regenerated 
plants increased the water conductivity of dam 
water up to 352.0 μS/cm after 15 days (S2) and 
397.0 μS/cm after 30 days (S3). Contrarily, water 
conductivity of public water and tap water 
decreased gradually and recorded as 767 μS/cm and 
468 μS/cm after 30 days respectively (Fig. a).     

Water hardness of different samples changed 
variably after culturing in vitro regenerated plants. 
Hardness of dam water increased slightly from 18.0 
to 20 °F in 30 days (Fig. 1b). Contrarily, hardness 
of tap water decreased continuously with passage of 
time and declined from 26.0 to 21.0 °F after 30 
days of culture. Hardness of drinking water did not 
change and remained same after 15 (S2) and 30 
days (S3) (Fig. 1b). pH of all water samples (S1) 
was almost similar and recorded 7.8 (dam water), 
7.6 (public water) and 7.7 (tap water) (Fig. 1c). 
However, transfer of plants increased the pH level 
of all waters within 15 days that remained stable up 
to 30 days. Maximum change of pH level was 
recorded from public water that raised from 7.6 to 
9.2 (S2) followed by minor change in pH of 9.3 
after 30 days (S3). pH of water samples from Gödet 
dam increased up to 8.7 (S2) and 8.8 (S3) (Fig. 1c). 
On the other hand, pH of tap water raised up to 8.5 
(S2) and remained same after 30 days (S3). The 
results showed that water inclined towards 
alkalinity after culture of in vitro cultured plantlets.  

Aluminum (Al), Iron (Fe) and Copper (Cu) 
responded in similar way after 15 (S2) and 30 days 
(S3) in all water samples. Al, Fe and Cu 
concentrations of water samples taken from dam 
and tap were already below of minimum standard 
(S1). Results showed that concentrations of all 
metals remained well below minimum standard 
level after 15 (S2) and 30 days (S3) of culturing 
plants. Contrarily, concentrations of Al, Fe and Cu 
of public water were found relatively higher than 
standard values prior to the culture. After 
transferring the plants, Al concentration decreased 
from 51.0 μg/L to below 20 μg/L (S2) (Fig. 1d). Fe 
concentration in drinking water was recorded 372.0 
μg/L and decreased gradually to 122 μg/L (S2) and 

(Fig. 1e). Cu concentration in public water was very 
high (360 μg/L) and decreased rapidly to below 20 
μg/L (S2) after culture (Fig. 1f). Whereas, Cu 
concentration in dam and tap water was already 
very low below standard and remained below in S2 
and S3 samples. 
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FIGURE 1 
Efficiacy of in vitro propagated plants of coontail on water quality parameters and heavy metals of 

different water samples 
 
 

DISCUSSION AND CONCLUSIONS 
 

Shoot meristem and stem nodes are widely 
used explants for multiple shoot regeneration of 
aquatic plants [23-27]. Results illustrated that shoot 
regeneration started within two weeks of time 
without callus induction support the previous 
findings of Karatas et al. [20] in C. demersum. 
Contrarily, Results on shoot regeneration frequency 
showed variable response of explants to growth 
variants as shoot meristem explant was more 
responsive than other explants [20] irrespective of 
NAA in the culture medium. However, the results 
are contrarily to the findings of Karatas et al. [28] 
who achieved 100.0 % shoot regeneration on shoot 
tip, 1st, 2nd and 3rd internode and leaf explants of B. 
monnieri cultured on MS medium supplemented 
with different concentrations of BA+NAA.  

Maximum number of shoots from shoot tip 
and 1st node were achieved at similar concentration 
of BA+NAA in the culture medium are in line with 
the findings of Karatas et al. [26] who also obtained 
maximum number of shoots from stem internodes 

and leaf explant of B. monnieri at 0.25 mg/L BA-
0.25 mg/L NAA. Results further illustrated that 
number of shoots decreased with increase of BA 
concentration in line with Sharma et al. [29] who 
also reported negative effects of increased BA 
concentration on shoots per explant of B. monnieri. 
However, the results are contrary to the findings of 
Jo et al. [30] in Alocasia amazonica. Results on 
mean shoot length also showed importance of 
growth regulator and explant type. 1st stem node 
was found to be more responsive to generate longer 
shoots compared to other explants. Previously, 
Karatas et al. [20] reported longer shoots of C. 
demersum from 2nd node explant compared to shoot 
tip and 1st stem node segment which might be due 
to presence of NAA in the culture medium or 
culture in liquid MS medium.    

Aquatic plants are very important in plant 
water ecology due to providing oxygen, important 
part of food chain and providing nutrients in the 
water bodies. These aquatic plants interacts with 
their environment through different processes like 
chemical bio-concentration, excretion, shading, 
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organic matter production and decomposition [31, 
32]; which, ultimately change the water quality [33, 
34]. Water conductivity, hardness and pH of the 
water are some quality parameters of the water 
which are affected by number of plants. This study 
revealed variable effects of in vitro grown plants on 
water quality of water samples collected from 
different sources. Conductivity indicates the total 
concentration of dissolved ions in the water and 
water bodies. Higher conductivity shows water 
pollution from nutrients like nitrate, sodium and 
phosphate. Water conductivity of fresh water 
streams ranging 50-500 μS/cm and water bodies 
with 150-500 μS/cm is found to be safe for diverse 
aquatic life [35]. In our results, water conductivity 
of dam water showed increased conductivity pattern 
but remained within the safe range to support plant 
survival. On the other hand, decreased conductivity 
of public and tap water with time showed positive 
effects of the plants on respective water bodies. The 
results also revealed close relationship of pH and 
water hardness. Increase in pH of the water might 
be due to extraction of CO2 from the water for 
photosynthesis by plants [36]. Results further 
revealed the change in the water hardness by plants. 
However, water hardness still remained in soft 
category according to UN standards [36] after 30 
days.   

Contamination of drinking or irrigation water 
by heavy metal due to heavy industrialization is 
causing serious threat to plant growth, and humans 
all over the world. Quality of drinking water in 
public areas is heavily contaminated and needs to 
be tested and efforts must be employed to provide 
heavy metal free drinking water to the public. 
Aquatic plants have been used for improving water 
quality or water treatment [37] by biosorption [11]. 
Our results revealed the efficiency of in vitro grown 
C. demersum plants on decreasing heavy metals 
concentrations from different water samples used in 
the study. Results clearly showed that in vitro 
grown plants can be successfully used for 
phytoremediation studies.  Although, Al and Fe in 
all water samples were in safe range, but Cu 
concentration was relatively high and plants 
successfully absorbed the Cu and reduced the Cu 
concentration. Accumulation of Cu by C. demersum 
support the findings of Matache et al. [38], who 
reported maximum accumulation of Cu by C. 
demersum compared to Potamogeton pectinatus, 
Potamogeton lucens, Potamogeton perfoliatus. 
Other reports also suggested the importance of C. 
demersum in order to clean water contaminated 
with different metals. Foroughi [39] reported that 
Mg concentration in C. demersum increased 
96.29%, 100% and 73.52% respectively in treated 
municipal wastewater (TMW), raw municipal 
wastewater (RMW), diluted compost latex (DCL) 
after 18 days. Abdallah [40] investigated the 
phytoremediation of Cr and Pb from aqueous 

solutions by C. demersum and reported that 
the highest removal percentages were as 84.3% and 
95.0% in Cr and Pb respectively. Similarly, 
previous results on C. demersum revealed the 
successful use of C. demersum for cleaning of 
water (phytoremediation) against other heavy 
metals like Fe [11], Ni [37], Cu [41, 42], Zn [42] 
and Pb, Cd [43].  

The study presents the first ever report on the 
use of in vitro propagated plants of coontails for 
adaptation in different waters and their efficacy on 
water quality and removal of heavy metals in the 
water samples. This study opens the new window 
for use of in vitro propagation protocols for the 
phytoremediation studies of coontail and other 
plants. Besides that, the protocol can be employed 
for genetic transformation studies in these plants by 
incorporating genes related to phytoremediation.  
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ABSTRACT 

Denitrification is of great concern as part of the 
global nitrogen cycle leading to nitrogen loss from 
lake. However key factors controlling this process 
still remain unclear. A shallow Chinese lake (Lake 
QingLing) is divided into aquaculture zone (QLN) 
and natural zone covered by macrophytes (QLS), 
providing an ideal model to identify environment 
factors, rather than geographical and hydrological 
ones, affecting community structure of denitrifiers. 
Targeting the nirS gene and using the terminal 
restriction fragment length polymorphism (T-RFLP) 
analysis and cloning composition structure of 
denitrifiers were studied in sediment of Lake 
QingLing. Trophic states were largely different 
between the two basins. In parallel, a few unique T-
RFs appeared in QLN.  Furthermore, most 
sequences were grouped into Proteobacteria, 
majority genes from QLN were found to be prevalent 
in Alphaproteobacteria and Gammaproteobacteria 
while most sequences from QLS were in 
Betaproteobacteria and Gammaproteobacteria. 
Canonical correspondence analysis (CCA) indicated 
that organic matter (OM) in sediment, NH4

+ and pH 
value in pore water were important environmental 
factors shaping these communities. 

 
 

KEYWORDS: 
denitrification; nirS; sediment; alternative stable state; 
shallow lakes. 

 
 

INTRODUCTION 

Denitrification is a major biological process to 
reduce nitrate to molecular nitrogen (N2). In shallow 
eutrophic lakes, this process can remove the largest 
portion of fixed nitrogen and plays an important role 
in self-purification of these ecosystems [1]. 
Denitrification consists of four enzymatic reaction 
steps which are catalysed by four metalloproteins: 

nitrate reductase, nitrite reductase, nitric-oxide 
reductase and nitrous oxide reductase [2]. Nitrite 
reductase is the key enzyme in this process which is 
encoded by the copper-containing nirK and the 
cytochrome cd1 nirS gene [3]. It has been 
demonstrated that the two reductases are mutually 
exclusive in any given strain, though the Nir type 
may differ within the same genus and even within the 
same species [4]. The cd1-Nir reducctase is assumed 
to dominate in denitrification bacteria while the 
copper reductase show greater variation in molecular 
weight and present in more diverse taxa [3, 4]. 
Recent studies indicated that the water type 
[1], geomorphological [5, 6] and hydrological 
conditions [7], physical and chemical factors as well 
as biological factors [8] could have influence on 
community composition of denitrifiers. To be brief, 
it remains unknown which is the key environmental 
factor affecting denitrifying community, so it is 
helpful to choose certain circumstance where 
influences of geographical and hydrological factors 
are excluded and consequently environment factors 
can be highlighted. 

Lake QingLing, locates in the western suburbs 
of Wuhan city, China. It is divided into two parts, one 
is used for aquaculture and the other, covered by 
macrophytes, has remained in natural conditions. 
The geomorphological and hydrological 
characteristics of the two parts are the same but 
trophic states are totally different between them. 
Thus, the lake provides an ideal model to identify the 
environmental factors that shape the community 
structure of denitrifiers. In this study, we focus on 
how environmental factors affect the community 
structure and the molecular diversity of denitrifying 
bacteria, using the nirS-type denitrifiers as an 
example.  

 
 

MATERIALS AND METHODS 

Study area and sample collection. Lake 
QingLing (30°25 -30°27 N, 114°13 -114°14 E) is 
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an urban freshwater lake in Wuhan, it is about 9.7 
km2. The southern part (QLS) with a mean depth of 
1.6m was natural developed and was growing 
different kinds of water plants such as Trapa natans 
L., Nelumbo nucifera, Potamogeton crispus L., 
Lemna minor L. and so on, and the coverage of the 
former accounted for 90% [9]. In contrast, the 
northern part (QLN) with a mean depth of 2.3m was 
used for intensive fish farming and macrophytes 
were extinct [9]. Fish feed were thrown into the 
farming area by automatic feeding machine three 
times a day. 

Sediment was collected (21 Sept, 2012) using a 
beaker-type sampler which takes surface sediment 
with depth of around 50mm. Sampling sites were 
shown in Fig.1. All the samples were stored in an ice 
cooler until they were brought back to the laboratory. 
About 15 g sediment were stored at -80  for DNA 
extraction, the rest of the sample were stored at 4  
until chemical analysis.  

 

 
FIGURE 1 

Map of Lake QingLing showing the location of 
sampling sites. 

 
Analysis of chemical properties of sediment. 

Pore water was obtained by centrifugation of 
approximately 100g sediment at 3500r/min for 15 
min. The pore water was decontaminated via glass 
microfiber filters (Whatman) filtration before 
chemical analysis. The obtained water samples were 
analyzed for pH value and concentrations of NO3

-, 
NO2

- and NH4
+ [10]. Total nitrogen (TN) and total 

phosphorous (TP) of overlaying water were tested 
according to environmental quality standards for 
surface water (GB 3838-2002). The sediment 
organic matter (OM) was determined by loss-on-
ignition in muffle furnace [11].  

 
Molecular microbiological work. DNA 

extraction. DNA was extracted from approximately 

0.3 g fresh sediment samples by UltraClean Soil 
DNA Isolation Kit (Mo Bio Laboratories, Carlsbad, 
CA) according to the manufacturer s instructions. 
The DNA was divided into three parts and stored at 
-80 .  

 
Polymerase chain reaction (PCR). PCR of 

nirS genes were performed with primers nirS1F-
nirS6R using conditions described previously [12]. 
Amplification products (890bp) were inspected by 
agarose gel electrophoresis on 2% (wt/vol) and 
visualized by UV excitation. PCR products were 
purified by elution from an agarose gel (2% wt/vol) 
using the Gel Extraction Kit (MoBio laboratories, 
CA).  

 
Terminal restriction fragment length 

polymorphism (T-RFLP). The composition of the 
denitrifying communities was determined by T-
RFLP. Twenty-five microliters of PCR reaction 
mixture consisted of about 10 to 20 ng of DNA, 0.4 

M of primer, 0.25 L of 0.1% BSA, 0.32 mM of 
dNTP, 2.5 L of 10  PCR Buffer (Mg2+ Plus), 1 
U rTaq (TaKaRa). The forward primer was 
fluorescently labeled at the 5  end with 6-
carboxyfluorescein (FAM) and the primers used 
were FAM-nirS1F and nirS6R. PCR products were 
purified by elution from an agarose gel (2% wt/vol) 
using the Gel Extraction Kit (MoBio laboratories, 
CA). After purification, approximately 10 ng of nirS 
PCR products were digested at 37  with the 
Hha  and Rsa , at 65  with Taq restriction 
enzyme (MBI Fermentas, Hanover, MD) separately, 
all the enzyme digestions run for 3 hours. After 
digestion, 2 l of each sample was mixed with 12
l of formamide and 0.3 l of LIZ-labeled internal 
size standard. Fragment size analysis was carried out 
with ABIPRISM 3730xl genetic analyzer. The peak 
heights were automatically quantified by 
GENESCAN analysis software (Applied 
Biosystems). Given the differences in running time 
among all samples, we considered fragments from 
different profiles with less than 1 bp difference to be 
the same. Peaks of less than 50 bp were excluded.  

 
Cloning, sequencing and phylogenetic 

analyses. PCR amplification was performed using 
the primers and conditions mentioned previously, 
mixed DNA samples of QLS (equal amounts of the 
three sites) as well as QLN (equal amounts of the 
three sites) were used for DNA template, then the 
clone libraries were constructed. The cloning was 
performed by using the pGEM T-Easy vector 
(Promega) system according to the instructions. The 
presence of the nirS gene was checked by PCR 
amplification using vector primers (M13F and 
M13R). Positive clones were randomly selected for 
sequencing by the Invitrogen Company (Shanghai, 
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China). Operational taxonomic unit (OTU) was 
performed using DOTUR [13] in order to bin 
sequences into clusters based on 97% sequence 
similarity. The obtained sequences were aligned by 
ClustalW and a phylogentic tree was constructed 
using the neighbor-joining method in MEGA version 
4.0 [14], gaps were complete deletion and the model 
was maximum composite likelihood.  

NirS gene sequences from environmental 
samples were deposited in GenBank under accession 
numbers KR819924 to KR819980.  

 
Statistical methods. Independent-Samples T 

test was performed using SPSS version 18.0 (SPSS, 
Inc., Illinois), with  value of 0.05 or 0.01 selected 
for significance. Microbial community profiles were 
statistically analyzed for differences due to the T-
RFLP results using analysis of similarity (ANOSIM) 
(Primer V 5.0 software, PRIMER-E, Plymouth, UK). 
A binary matrix was constructed by scoring based on 
the Bray-Curtis to do clustering analysis, similarity 
coefficients was used to analyze the relatedness of 
individual community profiles, similarity value 
ranges between 0 and 100; with 100 indicating no 
differences in community structure, and 0 indicating 
complete difference in community structure. A 
canonical correspondence analysis (CCA) with the 
Monte Carlo permutation test with 499 permutations 
was used with the sofeware CANOCO for windows, 
version 4.5 [15] to determine which biogeochemical 
parameters contributed to the differences among 
studying areas. Presence (percentage of area) or 
absence of terminal-restriction fragments were used 
as species data whereas geochemical data were 
included in the analysis as environmental variables. 
Resulting ordination biplots approximated the 
weighted differences between the individual 
communities (T-RFLP patterns) with respect to each 
of the geochemical factors, which were represented 
as arrows. The length of the corresponding arrows 
indicated the relative importance of the geochemical 
factor in explaining variation in the microbial T-

RFLP profiles, whereas the angle between arrows 
indicated the degree to which they were correlated.  

 
 

RESULTS AND DISCUSSION 

Sediment properties. As shown in table 1, 
QLN had significantly higher concentratins of TN 
(P<0.05) and TP (P<0.01), probably due to the 
intensive fish farming there. On the other hand, QLS 
with coverage of macrophytes showed significantly 
higher NH4

+ concentration (p<0.05) and lower pH 
value (p<0.01) in pore water and significantly higher 
OM contend in sediment (p<0.01). These differences 
could be mainly explained by the role of microphytes, 
firstly organic matter accumulation in wetlands is the 
net result of primary production and decomposition, 
decomposition of dead plant material is slowed 
significantly in wetlands due to anaerobic conditions. 
It was found that humic substances were the major 
proportion of OM in created wetlands [16]. 
Additionally in a large macrophyte-dominated 
shallow lake (Lake Baiyangdian ) in the north China 
plain, the humification degree of natural organic 
matter was higher in the lake outlet area than at 
aquaculture areas [17]; Secondly, during habitats 
humification, some water and sediment 
characteristics, such as pH value is low and almost 
invariable in very acid lakes [18]. Thirdly, 
decomposition of organic matter facilitates ammonia 
production. For example, in a high productive 
polymictic lake system, it seems likely that release 
of ammonical nitrogen depend on decomposition of 
rich reserves of organic matter in superficial 10 cm 
bottom sediment layer [19]. Furthermore, in the 
sediments of a mesohaline lagoon, NH4

+ was 
produced in sediments by the decomposition of 
organic matter through aerobic pathways in the 
upper 1 cm and below this depth through anaerobic 
pathways mainly sulfate reduction [20]. In short,  

TABLE 1 
Biogeochemical characteristics of the sampling site of Lake QingLing 

Sampling 
sites 

[NO3
-]-N 

in pore 
water 
( ) 

[NO2
-]-N 

in pore 
water 
( ) 

[NH4
+]-N 

in pore 
water 
( ) 

OM in 
sediment

%) 

pH in 
pore 
water 

TN in 
overlying 
water 
(mg/L) 

TP in 
overlying 
water 
(mg/L) 

QLS1 282.7 10.3 1064.0 17.18 6.75 2.62 0.17 

QLS2 178.8 8.6 1167.9 20.93 6.84 2.19 0.22 

QLS3 209.9 5.2 853.0 16.32 6.95 2.33 0.24 

QLN4 282.7 3.4 446.1 8.29 7.98 3.21 1.88 

QLN5 313.9 5.2 410.1 10.25 8.12 3.35 2.01 

QLN6 303.5 6.9 443.6 8.49 7.94 3.32 2.03 

    Note: OM, organic matter; TN, total nitrogen; TP, total phosphorous. 
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FIGURE 2 

Terminal restriction fragment length polymorphism analysis of amplified nirS  genes hydrolysed with 
Hha . Those T-RFs of less than 1% of the total peak height were grouped together as a single group 
denoted as others< 1%. x-axis, samples; y-axis, relative abundance of T-RFs in percentage of the total 

peak height. 
 
 

based on the processes and mechanisms mentioned 
above, sediment in the QLS gave significantly higher 
OM content, coupled with a significantly lower pH 
value and higher ammonia concentration in pore 
water. In conjunction with our results organic matter 
dirived from a macrophyte (Potamogeton crispus) 
could induced black bloom, which was characterized 
by relatively low pH value and an increased 
ammonium nitrogen in overlying water in Lake 
Taihu, China [21]. 

 
T-RFLP analysis of nirS genes. Terminal 

restriction fragments (T-RFs) obtained from Hha  
digests provide the highest level of resolution among 
the three enzymes used in this study. As shown in 
Fig.2, there were a few unique T-RFs in QLN 
without the coverage of macrophytes. In details, the 
135 bp T-RF appeared only in QLN4. Additionally, 
the 158 bp T-RF occured in all the sites of QLN. 
Consistently, in a created wetlands,the community 
structure and diversity of nirS-type denitrifiers based 
on T-RFLP analysis showed no significant change 
due to hydrologic pulsing, while the presence and 
absence of vegetation altered their community 
structure [22].Statistical analysis of individual T-RF 
dominance suggested that the nirS-type denitrifier 
communities were related to chlorophyll-a in the 
Fitzroy river estuary [23]. In a coastal freshwater 
wetland on Lake Huron, The sediments in the zone 
invaded by an emergent exotic plant (Typha x glauca) 
showed dramatically higher concentrations of 
soluble nutrients, including greater than 10-fold 
higher soluble ammonium. T-RFLP analyses 

revealed significant differences in the composition 
of denitrifier communities (based on nirS genes) 
between invaded and uninvaded zones [24]. 
Additionally T-RF 78 of nirS dominated in a tea soil 
of pH 3.71 [25]. All these data strengthened the role 
of key environmental factors such as organic matter, 
ammonia and pH value in shapping nirS denitrifying 
bacterial communities as occured in Lake QingLing. 
Moreover, T-RF 161 and T-RF 166 co-occured in 
both QLS and QLN, consistently in the stratified 
water column of Lake Kinneret, Israel, according to 
the T-RFLP profiles and clone libraries of nirS 
products, 2 groups of denitrifiers were common to 
and dominant in all depths [26]. Further to these 
observations, the distribution patterns of these two 
fragments were market different between the two 
lake basins. For example the 161 bp T-RF showed 
high percentage in QLN (63.72% at QLN4, 22.92% 
at QLN5 and 43.42% at QLN6). On the other hand, 
the 166 bp T-RF exhibited a relatively high 
abundance in QLS (34.92% at QLS1, 43.82% at 
QLS2 and 76.28% at QLS3) (Fig.2). Some key 
environment factor partitioning the lake basins such 
as nitrogen status may contribute to this 
differenciation. In parallel, T-RFLP analysis of nirS 
genes revealed that the 100 bp T-RF substantially 
increased in the nitrate treatments in rice field soils 
[27]. 

T-RFLP profiles compared by 
presence/absence as well as relative abundance of T-
RFs showed a clustering according to sampling sites 
(Fig.3). The first dichotomy separated QLS s T-RFs 
from QLN s, then, to the northern part, QLN4 
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separated form QLN5 and QLN6 at the similarity of 
about 40%, and QLN5 did so from QLN6 at the 
similarity of about 60%; to the southern part, QLS3 
separated from QLS1 and QLS2 at the similarity of 
about 50%, and QLS1 did so from QLS2 at the 
similarity of about 70% (Fig.3). In conjunction with 
these observation, During the short-term N-
transformation study in pastoral soil, communities of 
nitrogen cycling bacteria formed 3 distinct clusters 
corresponding to elevated levels of urine derived 
NH4

+-N [24], what is more, T-RFLP analysis of nirS 
gene could group sediment samples according to the 
sampling location and thus clearly distinguish Puget 
Sound and the Washington margin populations [28]. 
In our results, these communities were 
distinguishable even within a small shallow lake 
between the two basins. In short, differences in the 
distribution of bacteria containing nirS indicating 
that this types of denitrifiers apparently occupy 
different ecological niches [29]. 

 

 
FIGURE 3 

Dendrogram of the hierarchical clustering 
analysis based on presence/absence as well as 

relative abundance of nirS T-RFs. 
 
 
Phylogenetic analysis. A total of 57 clones (28 

from QLS and 29 from QLN) were sequenced, and 
all of these clones were identified as nirS sequences 
by BLAST search. The clones were grouped into 43 
OTUs by 97% sequence similarity. Phylogenetic 
analysis of nirS sequences showed that the nirS 
denitrifiers could be divided into four clusters (Fig.4). 
Most of the nirS gene sequences were grouped in 
cluster  and  , accounting for 82 .46% of the total 
clones, with percentage of cluster  being 49.12% 
and that of cluster  being 33.33%. Cluster  
contained mostly Betaproteobacteria, but was 

interspersed with Gammaproteobacteria. Cluster  
grouped strains belonging to Roseobacter 
denitrificans, a kind of Alphaproteobacteria and also 
Pseudomonas aeruginosa, which is 
Gammaproteobacteria. Sequences in cluster  
(32.14% from QLN and 67.86% from QLS) and 
cluster  (57.89% from QLN and 42.11% from QLS) 
were related to reference sequences from a broad 
range of environments such as Pearl river Estuary, 
East lake, greenhouse soil, wetland soil, grassland 
soil, intertidal marshes of the Yangtze and intertidal 
marshes of the Yangtze Estuary. Among which the 
first was shared by the two clusters, so these two 
clusters had capability to adapt for broad range of 
habitats. Furthermore, accounting for 8.77% of the 
total sequence, cluster  contained all 
Alphaproteobacteria, with highly related sequences 
from representatives of Azospirillum brasiliense. 
What is more, this cluster was related to references 
from the Beiyun river and Hai river sediment, and 
most of it (80%) were from QLN with extensive 
aquaculture activity and significantly higher 
concentrations of TN and TP as a consequence 
(Table 1). Similarly the surface water in Beiyun river 
system was heavily polluted due to high pollution 
discharge [30]. Moreover, in the Zhangweinan Canal 
basin, one of the most highly stressed watercourses 
in the heavily developed Hai River basin, the spatial 
variations of COD and NH(3)-N accumulations in 
the different sections indicated that the accumulation 
loads were closely related to pollutant inflows and 
environmental fluxes [31]. Thus pollution to some 
extents was responsible for the formation of these 
distinct clusters. Additionally, all clones of cluster  
(8.77% of the total) were from QLN, which was 
absent in QLS, this cluster was related to reference 
only from East lake sediment. Noticeably successful 
integrated measures were taken in an experiment for 
raising fish in this lake by way of (1) stocking the 
right kinds of fish; (2) producing a large number of 
sizeable fingerlings; (3) improving fish screens; (4) 
controlling predatory fish; and (5) applying the 
'driving and concentrating' bulk harvesting fishing 
method [32]. Hence, similar environmental 
conditions are inhabited by similar denitrifier 
communities despite large geographic distances. 
Taken together, the inhabitors with a heavier nutrient 
input from either discharge or agriculture harboured 
some special community of nirS-type denitrifiers.  
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FIGURE 4 
Phylogenetic analysis of nirS sequences. Neighbour joining tree based on partial nirS amplicons. Clones 
with > 97% sequence similarity were considered to be the same OTU. Bootstrap values were genetated 

from 1000 replicates of neighbour joining. Bootstrap values below 50% were omitted. Sequences from the 
southern part of Lake QingLing are described as QLS; the northern part as QLN. 

 

 East lake sediment (HQ427978)East lake sedime
 QLS6 OTU1(5) QLS6 OTU1(5)
 sediment of the Pearl River Estuary (HM773297) sediment of the Pe

 QLS64 OTU38(1) QLS64 OTU38(1)
 QLS16 OTU30(1) QLS16 OTU30(1)
 QLN105 OTU16(1) QLN105 OTU16(1

 QLN127 OTU26(1)  QLN127 OTU26(1
 QLN163 OTU10(1)QLN163 OTU10(1
 QLS23 OTU32(1)QLS23 OTU32(
 QLS2 OTU6(2)  QLS2 OTU6(2)
 QLN166 OTU13(1) QLN166 OTU13(1)

 greenhouse soil (FR854301)greenhouse soil (FR854301)
 Dechloromonas aromatica(CP000089.1) Dechloromonas a
 QLS31 OTU3(3) QLS31 OTU3(3)

 QLS47 OTU27(1)QLS47 OTU27(1)
 QLS29 OTU4(2) QLS29 OTU4(2)

 QLS17 OTU31(1) QLS17 OTU31(1)
 QLN134 OTU24(1)QLN134 OTU24(1)

 Gamma proteobacter(AJ248392)Gamma proteobacter(AJ248392
 Thauera terpenica(AY078266) Thauera terpenica(AY078266)

 Acidovorax sp.2FB7(AY078273) Acidovorax sp.2
 QLS51 OTU37(1) QLS51 OTU37(1

 QLS72 OTU40(1)QLS72 OTU40(1)
 wetland soil (DQ303117)wetland soil (DQ303117)
 intertidal marshes of the Yangtze (KM891793) intertidal marshes of the Yangtz

 East lake sediment (HQ427927) East lake sediment (
 QLN124 OTU22(1) QLN124 OTU2

 QLN151 OTU8(2)QLN151 OTU8(2)
 QLN150 OTU11(1) QLN150 OTU11(1)

 QLN136 OTU17(1)  QLN136 OTU17(
 QLN102 OTU14(1)  QLN102 OTU14(1)
 QLN179 OTU35(1) QLN179 OTU35(1)

 Azospirillum brasiliense(AJ224912)spirillum brasiliense(A
 QLN145 OTU12(1) QLN145 OTU12(1)

 East lake sediment (HQ427903) East lake sediment
 QLS74 OTU23(1)QLS74 OTU23(1)
 Beiyun River sediment (KM406991) Beiyun River sediment (KM406
 Hai River sediment (JF966975)Hai River sedimen
 QLS93 OTU5(2)QLS93 OTU5(2

 QLN135 OTU20(1) N135 OTU20(1)
 grassland soil (KC010981)grassland soil (KC01
 QLN178 OTU42(1) 78 OTU42(1)

 Roseobacter denitrificans(AJ224911) Roseobacte
 QLN161 OTU21(1) QLN161 OTU21(1)
 Pseudomonas aeruginosa(AF114790)  Pseudomo

 QLN108 OTU18(1) 08 OTU18(1)
 QLN101 OTU9(2)QLN101 OTU9(2)
 QLN126 OTU25(1) QLN126 OTU25(1)
 QLN110 OTU7(2) QLN110 OTU7(2

 QLN133 OTU19(1)  QLN133 OTU19(1)
 QLN174 OTU36(1)  QLN174 OTU36(1)

 intertidal marshes of the Yangtze Estuary (KM892162) intertidal marshes 
 QLS84 OTU43(1) QLS84 OTU43(1)
 QLS73 OTU41(1)QLS73 OTU41(1)
 sediment of the Pearl River Estuary(HM773292) sediment of the Pearl River Estuary(HM773292)
 sediment of the Pearl River Estuary (HM773290)sediment of the Pea
 QLS68 OTU39(1) QLS68 OTU39(1)
 QLS27 OTU33(1) QLS27 OTU33(1)
 QLS11 OTU29(1)QLS11 OTU29(1)
 QLS35 OTU34(1)1)

 QLN194 OTU28(1)  QLN194 OTU28(1)
 QLN103 OTU15(1) QLN103 OTU15(1)
 East lake sediment (HQ427989) East lake sediment

 QLN186 OTU2(3) QLN186 OTU2(3)
 Comamonadaceae bacterium(FN555559.1)

Q
100 

100 

6262
575757

100 

81

100

100 

93 93
56 5656

100 

100 

100 

100 

99

999
99

1

98

99

9393
636

85 85

84

99
74 

9
74499

11
76 76

98

97

94
96

7373
949

94

90

89

9
87

87 

78

69

85 

85

8
82 

80

73

92 

82 82
83

1
828290

10000
82

0.05 

 

 

 

 



© by PSP  Volume 25  No. 12/2016, pages 5120-5129    Fresenius Environmental Bulletin  

 

 

5126 

 
FIGURE 5 

Canonical correspondence analysis (CCA) based on nirS T-RFLP patterns and biogeochemical 
parameters. 

 
 

In conjunctin, the proportion of specialist taxa 
increased with increasing supply of nutrients, 
suggesting that addition of fertilizer may create 
conditions that expand the niche space for 
denitrifying organisms and may enhance the genetic 
capacity for denitrification [33]. Overall the nirS-
type denitrifiers in Lake Qingling and those 
originated from broad inhabiters had some 
taxonomic overlapping on a phylogenetic tree. 
Hence, environment factors in microniche rather 
than geographic condition play key roles in 
regulating community structure of denitrifiers. 
Consistantly similar environmental conditions are 
inhabited by similar denitrifier communities despite 
large geographic distances.  

 

Effects of environmental factors on the 
community of the nirS-type bacteria. Canonical 
correspondence analysis (CCA) was used to analyse 
the influence of environmental factors on 
communities of nirS-type denitrifiers (Fig.5). The 
length of the arrow in the figure represents the effect 
of the environmental factors on the microbial 
community distribution, which increased along the 
arrow s direction. The bacterial communities were 
mainly influenced by OM, NH4

+-N and pH value. 
The eigenvalues, the cumulative percentage variance 
of species data and the cumulative variance in the 
species environment relationship along the first and 
the second axes of the CCA analysis were 0.492 and 
0.168 respectively. The cumulative percentage 

variance of species-environment relation of the first 
axes was 73.1%, and 98.0% for the second axes. 
These results were in conjunction with observations 
of recent other studies. For example, OM 
significantly altered nirS-denitrifier community 
structure in tidal freshwater wetlands soils [34]. 
Denitrifier community composition was also 
affected by pH values in surrounding environments 
[35, 36]. Besides, ammonium nitrogen had a 
significant effect on the community structures of 
bacterial including denitrifiers in sediment of Yellow 
river [37]. In additionally, in an eutrophic Lake (East 
lake) in the same city where Lake QingLing locates, 
total organic carbon and NH4

+ were important 
environmental factors affecting the dispersion of 
NirS-type denitrifier in the sediment among different 
basins [1]. Overall, within a shallow urban 
freshwater lake, community composition of nirS-
type denitrifers was distinguishable between turbid 
state dominated by algal and clean state dominated 
by macrophytes. Environmental factors, such as 
organic matter, pH value, and NH4

+-N serve as the 
key factors shaping the community of denitrifiers.  

 
 

CONCLUSIONS 

Within a shallow urban freshwater lake, QLN 
(the fish farming basin) had significantly higher 
concentratins of TN (P<0.05) and TP (P<0.01). On 
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the other hand, QLS with coverage of macrophytes 
showed significantly higher NH4

+ concentration 
(p<0.05) and lower pH value (p<0.01) in pore water 
and significantly higher OM contend in sediment 
(p<0.01). Community composition of nirS-type 
denitrifers was distinguishable between turbid state 
dominated by algal and clean state dominated by 
macrophytes. Phylogenetic analysis showed that 
most sequences were grouped into Proteobacteria, 
majority genes from QLN were found to be prevalent 
in Alphaproteobacteria and Gammaproteobacteria 
while most sequences from QLS were in 
Betaproteobacteria and Gammaproteobacteria. 
Environmental factors, such as organic matter, pH 
value and NH4

+ serve as the key factors shaping the 
community of denitrifiers. Echoing the observations 
made in another lake with different sub-lakes in the 
same city. Hence, in sediment of shallow lakes 
community composition of denitrifiers may be 
largely dependent on contents of organic carbon and 
inorganic nitrogen in general. 
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described by Greenberg et al. 

 
 

 
 

 
 



© by PSP  Volume 25  No. 12/2016, pages 5130-5137  Fresenius Environmental Bulletin 

 

 

 

 
 
 
RESULTS 

 

 
 
 

 

 
 

Parameter Influent (mean±S.D.) Effluent (mean±S.D.) 
pH 9.3±0.3 6.9±0.1 
Chemical oxygen demand (COD) 2200±190 1100±90 
Volatile Phenol 420±28 30±8 
Cyanide 25±6 18±5 
NH4

+ -N 150±17 180±19 
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(A) The Proteobacteria group and relatives. 
Clostridium formicaceticum (X77836) and Clostridium aminobutyricum (X76161) 

are used as outgroups. 

(B) The Cytophaga-Flexibacter-Bacteroides (CFB) group, Low-G+C gram-positive bacteria,  
Spirochaetales and Verrucomicrobia group and relatives. 

 Synechococcus sp. (X03538) and Methanobacterium formicicum (AF169245) are used as outgroups 
 

FIGURE 1 
16S rDNA-based dendrograms showing phylogenetic relationships of coking wastewater treatment  

bacterial sequence types (shown in bold) to closely related sequences from public database.  
centages.  

The scale bar represents the number of changes per nucleotide position. 
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ABSTRACT 
 

Due to the significantly lower cost and fewer 
construction problems associated with labyrinth 
weirs, designers often consider them as proper 
design solutions. The reason is that the effective 
length of the weir increases across the width of the 
of the weir channel. This study examines the 
discharge coefficient in one- and two-cycle labyrinth 
weirs with rectangular-shaped plans and different 
hydraulic loads. The results showed that increasing 
the weir hydraulic head ratio (Hd/P) would decrease 
the discharge coefficient (Cd). In addition, as 
compared with the single-cycle weir, the double-
cycle weir exhibited a tangibly higher Cd for 
Hd/P<0.3.  
 
 
KEYWORDS:  
Labyrinth weir, weir with rectangular-shaped plan, 
discharge coefficient, cycle, discharge-scale curve 
 
 
INTRODUCTION 
 

Water management and transfer have been 
important throughout the development of human 
civilization. Many different hydraulic structures 
have been designed and constructed to meet the 

demands. Weirs are typical structures integrated in 
many dams and water transfer channels for the 
purpose of discharging water, measuring water flow 
rate, and controlling water level. During a flooding 
peak, the flow of water passes over the weir within a 
short time; hence, this structure must be designed in 
a way as to accommodate a high discharge 
coefficient. To this end, labyrinth weirs are used 
because their discharge coefficient is greater than 
that of linear weirs. Where labyrinth weirs are used, 
the reserve water in the dam reservoir also increases 
[1]. Whereas the discharge volume is a function of 
the weir crest length and form, a great number of 
studies have so far been conducted on the effect of 
hydraulic and geometric parameters on discharge 
coefficient and flow rate over different weirs. One of 
the effective ways of increasing the overflow length 
within a given width is using weirs with nonlinear 
plans such as triangular, trapezoidal, circular, 
parabolic, etc. (Figure 1), called polyhedral, 
castellated, or labyrinth weirs. These can be 
constructed as single- or multi-cycle structures. 
Building such weirs would increase the flow over 
and require a lower headway at the upstream as 
compared with linear weirs. This is of particular 
importance when the weir acts as a flood discharge 
structure because the flow over due to flooding is 
thus facilitated [2].  

 
 

FIGURE 1 
Schematics of various labyrinth weirs 
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The collision of different stream layers at the 
downstream of labyrinth weirs leads to greater 
aeration as compared with linear weirs. This would 
not only improve water quality, but also reduce the 
probability of negative pressure and cavitation, thus 
leading to a substantial decrease in dam and weir 
maintenance costs [3]. 

Hay and Taylor compared the hydraulic 
efficiency of labyrinth weirs with triangular- and 
trapezoidal-shaped plans with that of sharp-edged 
linear weirs. They concluded that the labyrinth weirs 
with triangular-shaped plans produced a higher 
efficiency than those with trapezoidal-shaped plans 
[4, 5]. Darvas used the experimental results obtained 
from the physical models of Veranova and Owen 
weirs in Australia to present a set of curves for 
designing labyrinth weirs [6]. Studying the effect of 
the discharge coefficient on labyrinth weirs, Cassidy 
et al concluded that the value of this coefficient 
decreased at higher flow heads as compared with 
straight weirs [7].  

Conducting experiments on the physical model 
of a labyrinth weir, Lux obtained the discharge 
coefficient of these weirs as a function of their total 
upstream head [8].  

In their experimental studies, Tullis et al 
conducted tests on castellated weirs with 
trapezoidal-shaped plans and apex angles between 6 
and 18 degrees, obtaining a relation for the discharge 
coefficient of these weirs as a function of total 
upstream head, weir height, weir edge length, and 
weir apex angle. They also conducted experiments 
for determining the effect of submersion conditions 
on the performance of these weirs and derived a 
relation for plotting the discharge-scale curve [9, 
10]. 

Qodsian and Amanian  studied discharge 
coefficient variations in labyrinth weirs with 
semicircular-shaped plans. Evaluating the 
parameters affecting Cd in castellated weirs with 
semicircular-shaped plans, they observed that 
increasing the weir radius would lead to a 
corresponding increase in Cd. The rate of Cd 
variations gradually decreased with increase in flow 
head, tending to a constant value for all the tested 
radii. They also recommended the use of labyrinth 
weirs with semicircular-shaped plans and, 
presenting appropriate relations for the discharge 
coefficient, proposed a method for designing this 
type of weir [11].  

Shenavai and Qodsian showed in his research 
that, in triangular labyrinth weirs, the semicircular 
crest shape was hydraulically superior to the sharp-
edged crest shape [12]. 

Conducting experiments on single-cycle 
labyrinth weirs with rectangular- and U-shaped 
plans, Heydarpour et al concluded that increasing 
weir head would lead to a corresponding increase in 
the discharge coefficient at a given HT/P (i.e., ratio 
of total upstream energy to weir head). By 

comparing the corresponding values, they showed 
that increasing the length parallel to the flow 
direction in labyrinth weirs would reduce the 
discharge coefficient (Cd), and increasing the length 
perpendicular to the flow direction would increase 
the discharge coefficient [13]. 

Yassi and Mohammadi  studied the effect of 
changing the flood-level rim radius of curvature in 
two-cycle labyrinth weirs with triangular-, 
trapezoidal-, and rectangular-shaped plans. Their 
results showed that arched weir rims would increase 
the weir hydraulic efficiency [14]. 

Kumar et al conducted an experimental study 
on the discharge coefficient of a castellated weir with 
a triangular-shaped plan. A comparison of the results 
demonstrated that a decrease in the weir apex angle 
would increase the length of the interference area 
and considerably decrease the weir discharge 
coefficient. Furthermore, relations for calculating 
the discharge coefficient with different apex angles 
were put forward [15]. 

Crookston B.M., and Tullis studied 
experimentally the interference characteristics of the 
free-falling nappes and local submersion in 
castellated triangular weirs with two and four cycles 
and different apex angles. They showed that, due to 
less interference between free-falling nappes at 
lower flow rates, the discharge coefficient was 
greater than that of the linear weir, and that such 
interference increased gradually at higher flow rates. 
This caused the discharge coefficient to decrease 
towards the values obtained for broad-crested weirs 
[16, 17]. 

In line with the research by Houston on 
extending the labyrinth weirs into the dam reservoir, 
the same researchers (Crookston and Tullis) also 
examined different weir positions inside the 
reservoir. Through examining the superior 
performance of arched labyrinth weirs, they 
concluded that the increased discharge coefficient in 
this type of weir is due to the more favorable 
orientation of the inlet flows in different cycles [16, 
18]. 

 
Geometric and Hydraulic Parameters of 

Labyrinth Weirs.  With due consideration of the 
results obtained from previous research, it may be 
concluded that the following factors affect the 
performance of labyrinth weirs (Figure 2): 
Geometric parameters including weir width, weir 
crest length, weir upstream crest elevation 
(measured from upstream floor), length of the inner 
rim, structural features including crest shape, weir 
aprons and wall thickness, operating conditions 
including the total hydraulic load, weir aeration  and 
submersion stages, downstream conditions including 
crest elevation, water depth, downstream gradient, 
etc., upstream conditions including weir inlet 
conditions, and the shape of training walls, the 
presence of upstream gradient, etc [19]. 
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The exact description of 3D flow over labyrinth 
weirs is a difficult task. The mathematical expression 
derived for this purpose must allow for energy, 
momentum, and continuity equations as well as such 
parameters as weir geometry, crest shape, local 
submersion, interference of stream layers passing 
over the weir, non-parallel streamlines, pressure 
under the stream nappes, existence/non-existence of 
air cavities behind stream nappes, surface tension 
effects, viscosity effects, etc [19]. 

The following general equation was used by 
Tullis et al for labyrinth weirs [9]: 

In this equation, Q is the flowrate passing over 
the weir, L is the characteristic length (e.g. weir crest 
length), g is the acceleration of gravity, H0 is the total 
hydraulic load, and Cd is the non-dimensional 
discharge coefficient (determined through 
experiment). Upon conducting dimensional analysis 
and eliminating constant parameters, the effect of the 
following two constants on Cd in labyrinth weirs was 
investigated (Q is flow rate and n the number of weir 
cycles):  

Cd=F (Q,n) 
 
 
MATERIALS AND METHODS 

The experiments were conducted on test 
models in a rectangular test flume (10m x 0.3m x 

0.6m) at Hydraulic Laboratory, Training Complex, 
Khouzastan Water and Power Organization, Iran 
(Figure 4). The transparent flume walls were made 
of glass, making possible the observation of water 
profile and flow conditions during the tests. The 
flume was of the free-flow type. To obtain more 
exact results, it was ensured that all the sections of 
the flume had been properly sealed before 
commencing the experiments. The specifications of 
different flume sections and the laboratory apparatus 
used in this study are as follows (Figures 2 and 3): 

- Flume supply water reservoir 
- Digital flowmeter (measuring accuracy: 0.2 

L/sec) 
- Laminar flow stabilizer at flume inlet 
Water submersible pump (pipe diameter: 3 

inches; max. flowrate: 120 m3/s) The constant bed of 
the flume was horizontal without any slope (within 
the practical range of accuracy). Water was first 
drawn from the ground reservoir via the pump and 
guided to the settling (head) tank at the upstream 
inlet to the flume. The inlet flow to the channel and 
passing over the weir was laminar. Upon changing 
the flow rate, the hydraulic conditions of the flow 
passing over the weir were studied and recorded. 
Ultimately, the flow would enter (upon passing over 
the weir through the downstream channel) the 
pumping reservoir so that the cycle could be 
repeated. 

 
FIGURE 2 

Parameters affecting labyrinth weirs performance [19] 

FIGURE 3 
Layout of the double-cycle rectangular weir inside the laboratory flume 
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FIGURE 4 

Sample flume and laboratory equipment 
 

 
FIGURE 5 

Single-cycle rectangular labyrinth weir 

 
FIGURE 6 

Double-cycle rectangular labyrinth weir 
Single- and double-cycle labyrinth weirs with 

rectangular-shaped plans were tested at different 
flow rates (Figures 5 and 6). The labyrinth weirs 
were made of Plexiglas. In all the tests, the upstream 
and downstream bed elevations were equal. The 
width of the discharge was 30cm and the ratio of 
cycle width to weir height was adjusted at 3, 2.5, and 
2. Thickness t was 5mm and the inlet channel widths 
in the single and double cycle cases were 14.2 and 
7.1, respectively.  A thickness of 5mm was selected 
for the flat crest. Each weir geometry was subjected 
to 12 flows with different hydraulic loads so that the 
effect of parameter H0/P on the performance of the 
studied weirs would be determined with greater 
precision. Tables 1 and 2 present the geometric and 
hydraulic specifications of the tested weirs. 
 
 
RESULTS AND DISCUSSION 
 

Effect of Weir Water Head (Hydraulic 
Load) on Discharge Coefficient. Labyrinth weirs 
with geometric (rectangular, triangular, trapezoidal, 
arched, etc.) plan shapes are efficient structures for 
flow regulation and discharge along a limited width. 
The hydraulic performance of weirs with 
rectangular-shaped plans and different number of 
cycles was examined experimentally. Comparisons 
showed that upon increasing the hydraulic load in all 
the studied cases, the discharge coefficient 
underwent an initial increase followed by a decrease. 
Local submersion threshold occurred within the 
HT/P>0.48 region. 

According to Diagram 1, maximum Cd 
occurred at an approximate flow rate of 12 m3/h for 
the double-cycle weir with a width to head ratio of 
w/p=2. In both the single- and double-cycle weirs, 
Cd increased with increasing weir height ratio (P). 
According to the diagrams, Cd sharply decreased 
with increasing flowrate. In single-cycle weirs, the 
slope of this decrease is less than the previous case 
(Diagram 2). 
 

Effect of Number of Cycles on Cd in Weirs 
with Arched-Shaped Plans. Different submergence 
flow rates were obtained for different cases. 
However, in all cases, the submersion flow rate 
occurred in the range Ht/p>0.33. 

In general, values of Cd in the double-cycle 
weir were greater than those in the single-cycle weir 
for Ht/p<0.35. At low hydraulic loads, this difference 
was large at first, but subsequently decreased as we 
approached the 0.35 limit. For Ht/p>0.35, 
approximately equal values are obtained for Cd in 
both single- and double-cycle cases (Diagram 3). 
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DIAGRAM 1 
Effect of flow rate on Cd in double-cycle weirs with 

rectangular-shaped plans 

DIAGRAM 2 
Effect of flow rate on Cd in single-cycle weirs with 

rectangular-shaped plans 
  

   

 
DIAGRAM 3 

Effect of number of cycles on Cd in a labyrinth weir with a rectangular-shaped plan 
 

TABLE 1 
Geometric and hydraulic specifications of single-cycle rectangular labyrinth weirs 

 
No. of tests Weir plan shapeNT (mm) L (mm) pwW (cm) Model 

36Rectangular15 148.5 2, 2.5,3 30Single-Cycle 
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TABLE 2 
Geometric and hydraulic specifications of double-cycle rectangular labyrinth weirs 

 
No. of tests Weir plan shapeNT (mm) L (mm) pwW (cm) Model

36Rectangular25 148.52, 2.5,3 15 Double-Cycle 
 

 
CONCLUSION 
 

Regarding the effect of hydraulic conditions on 
Cd in labyrinth weirs with rectangular-shaped plans, 
it was concluded that discharge coefficient initially 
increased with hydraulic load (H0/P) which varied 
between 0.05 and 0.74. However, Cd then underwent 
a sharp decrease, resulting in a maximum 65% 
decrease in the double-cycle weir at w/p=2. 
Moreover, for hydraulic head ratios less than 0.35, 
the discharge coefficient in the double-cycle weir 
with a rectangular-shaped plan was greater than that 
in the single-cycle weir. At higher hydraulic ratios, 
the discharge coefficients for both single- and 
double-cycle weirs with rectangular-shaped plans 
were almost equal. 

 
 

REFERENCES 

 
[1] Falvey, H.T. (2003). Hydraulic Design of 

Labyrinth Weirs. ASCE press, USA. 
[2] Crookston, B.M., Tullis, B.P. (2012). Discharge 

efficiency of reservoir application specific 
labyrinth weirs. Journal of Irrigation and 
Drainage Engineering. ASCE. 138(6), 773-776. 

[3] Wormleaton, P., Soufiani, E. (1998). Aeration 
performance of triangular planform labyrinth 
weirs. American Society of Civil Engineering, 
Journal of Environmental Engineering. 124(8), 
709-719. 

[4] Taylor, G. (1968). The performance of labyrinth 
weirs. PhD thesis. University of Nottingham, 
Nottingham, England. 

[5] Hay, N., Taylor, G. (1970). Performance and 
design of labyrinth weirs. American Society of 
Civil Engineering. Journal of Hydraulic 
Engineering. 96(11), 2337-2357. 

[6] Darvas, L.A. (1971). Performance and design of 
labyrinth weirs. Journal of The Hydraulics 
Division. ASCE, 97(8), 1246-1251. 

[7] Cassidy, J.J., Cardner, C.A., Peacock, R.T. 
(1985). Bordman labyrinth crest. Journal of 
Hydraulic Engineering. ASCE. 3(3), 398-416. 

[8] Lux, F. (1993). Design methodologies for 
labyrinth weirs. Proceeding of water power and 
dam construction. Nashville Tennessee, 
USA. 1397-1407. 

[9] Tullis, P., Amanian, N., Waldron, D. (1995). 
Design of labyrinth weirs. Journal of Hydraulic 
Engineering. ASCE. 121(3), 247 255. 

[10]  Tullis, B., Young J., Chandler, M. (2007). 
Head-Discharge Relationships for Submerged 
Labyrinth Weirs. Journal of Hydraulic 
Engineering. 133(3), 248 254. 

[11]  Qodsian, M., Amanian, N. (2001). Discharge 
Coefficient of Castellated Weirs with 
Semicircular-Shaped Weirs. Amirkabir 
University Scientific Journal. 49(13), 76-83. 

[12]  Shenavai, H., Qodsian, M. (2001). Effect of 
Crest Geometry on Discharge Coefficient in 
Labyrinth Weirs with Triangular-Shaped Plans.  
International Conference on Hydraulic 
Structures, Kerman, Iran. 

[13]  Heydarpour, M., Mousavi, F., 
Roshanizarmehri, A.R. (2006). Multihedral 
Weirs with Rectangular- and U-Shaped Plans. 
Journal of Agricultural Sciences and Natural 
Resources. Isfahan University of Technology, 
Iran. 10(3), 1-11. 

[14]  Yassi, M., Mohammadi, M. (2007). Labyrinth 
Weirs with Arched-Shaped Plans. Journal of 
Agricultural Sciences and Natural Resources, 
Isfahan University of Technology, Iran. 41(11) 
1-12. 

[15]  Kumar, S., Ahmada, Z., Mansoor, T. (2011). A 
new approach to improve the discharging 
capacity of sharp crested triangular plan form 
weirs. Flow Measurement and instrumentation. 
22(3), 175 180. 

[16]  Crookston, B.M., Tullis, B.P. (2012). Arced 
labyrinth weirs. Journal of Hydraulic 
Engineering. ASCE. 138(6), 555-562. 

[17]  Crookston, B.M., Tullis, B.P. (2012). Labyrinth 
weirs: nappe interference and local 
submergence. Journal of. Irrigation and 
Drainage Engineering. ASCE. 138(8), 757-765. 

[18]  Houston, K. (1983). Hydraulic model study of 
Hyrum Dam auxiliary labyrinth weir. Report 
No. GR-82-13. U.S. Bureau of Reclamation. 
Denver. Colorado. 

[19]  Crookston, B.M. (2010). Labyrinth weirs. PhD 
thesis. Utah State University, Logan, UT. 

 
 
 
 

 
Received: 29.09.2015 
Accepted: 14.09.2016 
 
 
 
 



© by PSP  Volume 25  No. 12/2016, pages 5138-5144  Fresenius Environmental Bulletin 

 

 

5144 

 
CORRESPONDING AUTHOR 

 
Mohammad Heidarnejad 
Department of Water Science Engineering 
Ahvaz Branch 
Islamic Azad University 
Ahvaz  IRAN 
 
E-mail: mo_he3197@yahoo.com 

 
 
 
 
 
 
 
 
 
 

 

 
 



© by PSP  Volume 25  No. 12/2016, pages 5145-5150    Fresenius Environmental Bulletin 

5145

 
ANALYSIS OF HCHs AND DDTs IN A TYPICAL PESTICIDE 

CONTAMINATED SITE 
 

Xuebin Chen1, 2, Wenxia Liu1,*, Yingxia Zhou1, Xinyue Qiao1, Jiabao Zhao1, Haifeng Li2,  
Ying Han2, Xiao Liao2, Mengjing Wang2, Wenbin Liu2 

 
lic 

of China 

2.Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing  

 
 

ABSTRACT 

 
Seventeen soil samples were collected from a 

typical pesticide contaminated site in Henan 
Province, China. The concentrations and distribution 
of hexachlorocyclohexanes (HCHs) and 
dichlorodiphenyltrichloroethanes (DDTs) in the soils 
were investigated. The concentrations of HCHs 
ranged from 0.17 to 84.26 mg/kg (average 8.82 
mg/kg) and that of DDTs ranged from 0.19 to 751.82 
mg/kg (average 80.09 mg/kg). Vertical distribution 
of pollutants in soil samples indicated that the 
pollutants were mainly concentrated in top soils 

-HCH 
was the highest among the four HCHs isomers, and 
t -DDT was the highest among 
DDTs isomers. The spatial distributions of HCHs 
and DDTs in top soils were calculated by a Kriging 
model, revealing that soils in the historical storage 
and production workshop were still seriously 
contaminated.  

 
KEYWORDS: 
Soil  OCPs  Contaminated site  Distribution 

 
 

INTRODUCTION 

 
Organochlorine pesticides (OCPs), such as 

dichlorodiphenyltrichloroethane (DDTs), and 
hexachlorocyclohexanes (HCHs), belong to the 
group of Persistent Organic Pollutants that are 
restricted or banned globally under the Stockholm 
Convention. With high toxicity, environmental 
persistence, bioaccumulation and long term 
transportation, OCPs have attracted global concern. 
OCPs have often been used in developing countries 
even after they had been banned in Europe, North 
America and Japan, presumably because of a lack of 

effective and affordable alternatives and limited 
capacity for chemical regulation and enforcement [1, 
2]. China is the largest developing country and DDTs 
and HCHs were widely used in China from the 1950s 
until their production was banned in May 1983. The 
total production of HCHs (4.9 million tons) and 
DDTs (0.4 million tons) in China accounted for 33 
and 20 % of the global production, respectively [3].  

OCPs have high n-octanol/water partition 
coefficients and low vapor pressures. Therefore, they 
readily accumulate in the environment, especially in 
organic carbon-rich media such as soil, sediment and 
biota [4, 5]. Among these media, soil has been 
demonstrated to act as a conservative matrix of 
OCPs in the environment and to reflect long-term 
exposure. Large amounts of OCPs residues exist in 
soil, which might be the result of their wide use and 
the strong adsorption ability of soil for hydrophobic 
organic contaminants. OCPs contaminations were 
widely found in soil in China and other countries [6, 
7, 8] clouding the Polar Regions and the Tibetan 
Plateau that are distant from human activities. [9]  

The distribution of pollutants, environmental 
risk and other factors at existing production sites 
indicate that the severity of pollution at OCPs 
production sites is much higher than that of 
agricultural soils and urban soils, despite the limited 
contamination area of the production sites [10, 11] 
For example, Zhao et al [12] studied the spatial 
distribution of DDTs residue in soils around an 
enterprise and found that the DDTs content near the 
plant was more than 10,000 mg/kg. Similarly, the 
HCHs and DDTs contamination status in surface soil 
of a pesticide plant was studied in Beijing [13]. The 
results showed that the soil in this plant was 
seriously contaminated and that the concentrations 
of most soil samples exceeded the Chinese soil 
environmental quality live standard (1 mg/kg) and 
commercial land (4 mg/kg) limits. 

In this study, a pesticide plant in Henan 
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Province, China, was selected as a typical OCPs-
contaminated site. With increasing urbanization, this 
site will be developed as commercial land. It is 
essential to investigate the environmental levels and 
distributions of HCHs and DDTs to evaluate the risk 
of pollutants on the environment and human health. 

 
 

MATERIALS AND METHODS 

 
The pesticide factory, covering an area of 318 

acres, was used for 40 years to produce DDTs, HCHs, 
chlordane, mirex and other pesticides. The 
production of HCHs was the largest and the 
cumulative production of HCHs was more than a 
million tons before 1982 when HCHs production 
ceased. 17 sampling points were selected based on 
the status of the production site in July 2014 (Fig. 1). 

 

FIGURE 1 
Location of the sampling sites in the study area 

 

Semi-circular groove drill set samplers were 
used to collect the soil samples. The surface soil (0
20 cm) and some deep soil samples at depths of 0
20, 20 40 and 40 60 cm were collected at sampling 
sites 2, 3 and 8. The soil samples were brown, mostly 
sandy loam and silt loam in texture. The samples 
were air dried at room temperature, and sieved to 
pass through a 35 mesh sieve, and then refrigerated 

 The analysis of HCHs and 
DDTs in soil adopted the Chinese national standard 
method GB/T 14550-2003. The samples were 
extracted using ultrasonication method and then 
purified with Florisil column. Finally, the fraction 
was concentrated under nitrogen to 0.2 mL. 
Quantitative analysis of HCHs and DDTs was 
carried out using an Agilent 6890/5975 GC/MS 
(Agilent Technologies, Santa Clara, CA, USA)). 
Method blanks were run using the same solvents as 
for real samples. HCHs and DDTs contaminants 

were below the detection limits in the method blanks 
(n = 3). The Geostatistical Interpolation Technique 
was used to create a continuous three-dimensional 
contour map of HCHs and DDTs concentrations in 
the soil samples with the widely used Ordinary 
Kriging algorithm. The map was produced using 
Golden Software Surfer 8.0 with cross-validations.  
 
 
RESULTS AND DISCUSSION 

 
The concentrations of HCHs and DDTs in the 

soil samples are shown in Fig. 2. 
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FIGURE 2 
Concentrations of HCHs and DDTs in soil 

samples 
 

High concentrations of HCHs and DDTs were 
detected in some soil samples. The concentrations of 
HCHs were in the range of 0.17 84.26 mg/kg with 
an average of 8.82 mg/kg, while the concentrations 
of DDTs in soil samples were in the range of 0.19
751.82 mg/kg with an average of 80.09 mg/kg. The 
concentrations of HCHs in 59% of sites and DDTs 
concentrations in 88% of the sites exceeded the 
secondary residential land limit (1.0 mg/kg) of soil 
environmental quality standards in China. The 
concentrations of HCHs in 41% and DDTs in 71% of 
soil samples exceeded the secondary commercial 
land limit (4.0 mg/kg) of soil environmental quality 
standards. From these results, it was determined that 
the contaminated site still has a high health and 
environmental risk for residential and commercial 
use. 
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FIGURE 3 

Composition of HCHs isomers in soils 
 

DDTs concentrations in the soil surface were 
generally higher than that of HCHs.  

The proportions of four HCHs isomers in soil 
samples were significantly different (Fig. 3). 

- - -HCH 
-HCH in different soil samples varied in the 

range of 17 99, 1 29, 1 33 and 1 23%, respectively, 
with the corresponding average proportions of 65, 15, 
11 and 9%, respectively (Fig. 3). The different 
proportions and degradation rates of the four isomers 
might be influenced by their different stability and 
toxicity. 

About 5 -HCH, 55 -HCH, 
2 -HCH, 12 -HCH, and other 
small amounts of organic chlorine compounds exist 
in the HCHs of commodities. By comparing the 
HCHs compositions in commodities and the soil 
samples in -HCH in soil was 
much higher than that in commodities. Studies 
showed that the process of microbial degradation is 
the main degradation pathway of HCHs. In the 
balanced stage of microbial growth, the rate of 
dechlorination of HCHs -

- - -HCH [14]. If the 
environment is alkaline, the dechlorination of HCHs 

-HCH is susceptible to attack 
-HCH 

by photochemical reaction. In addition, large 
- -HCH 

[15]. 
Significant differences in HCHs isomer 

patterns in soil samples are closely related to their 
-HCH 

isomers in most of the soil samples was the highest 
among the four HCHs isomers, which mainly 
resulted from its high stability, low volatility and low 

-HCH played an 
important role in determining the isomer proportions, 
which cannot be ignored. -HCH usually had the 

highest content among the four HCHs isomers in 
typical contaminated sites because of the difficulty 
in degrading or converting this isomer, similar to the 
findings in this study [16]. The results showed that 
the high level of HCHs in the contaminated site was 
the result of long term OCPs production and 
decomposition. The relatively similar isomer 
patterns a -HCH in all of the 
samples indicated that there was no new source of 
HCHs in the study area. 

The proportions of DDTs isomers in soil are 
shown in Fig. 4. 

 

 
FIGURE 4 

Composition of DDTs isomers in soils 
 

The proportions of p,p'-DDT, o,p'-DDT, p,p'-
DDE, p,p'-DDD in different soil samples were in the 
range of 20 93, 2 18, 3 73 and 2 19%, respectively. 
Among the four DDTs isomers, the proportion of 
p,p'-DDT was the highest, with an average of 55%.                

Previous studies found that DDTs would 
convert to DDEs under aerobic conditions, while 
under anaerobic conditions, DDTs would 
dechlorinate to DDDs [17] . Therefore, the ratio of 
DDEs/DDDs can be used to speculate on the redox 
conditions during the process of DDTs degradation. 
If the ratio of DDEs/DDDs is > 1, the degradation 
environment is likely aerobic. In this study, the ratio 
of p,p'-DDE/p,p'-DDD of 15 soil samples was > 1, 
indicating that the p,p'-DDE level was significantly 
higher than p,p'-DDD and the microbial degradation 
of DDTs in this contaminated site occurred mainly 
under aerobic conditions. 

Generally, industrially-produced DDTs 
contains 75% p,p'-DDT, 15% o,p'-DDT, 5%  p,p'-
DDE and < 5% p,p'-DDD. When comparing the 
DDTs compositions in commodities and soil samples, 
the proportion of o,p'-DDT in commodities is 15%, 
slightly higher than the average proportion in soil 
samples of 7%. The average proportion of p,p'-DDE 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

D
D

T
s 

is
om

er
s 

in
 s

oi
l

soil samples

p,p'-DDE p,p'-DDD o p'-DDT p,p'-DDT



© by PSP  Volume 25  No. 12/2016, pages 5145-5150    Fresenius Environmental Bulletin 

5148

in soil samples was 29%, while the proportion in 
commodities is only 5%. The decrease in o,p'-DDT 
and the increase in p,p'-DDE concentrations might 
result from the aerobic microbial degradation of 
DDTs. The proportion of p,p'-DDT in site 9 from 
near the workshop was 93%. The results showed that 
soil near the workshop might have a new source of 
DDTs contamination that has undergone only a short 
degradation time, leading to the high proportion of 
p,p'-DDT compared with the other three isomers and 
a high proportion of p,p'-DDT when compared with 
industrially-produced DDTs. 

The spatial distribution of HCHs and DDTs 
concentrations in soil were analyzed using the 
Kriging interpolation method. This method is a 
common interpolation method that can simulate the 
contamination trend of HCHs and DDTs in the 
surface soil, as shown in Fig. 3.  

 

(A) 

 
(B) 

FIGURE 5 
Contour maps of HCHs (A) and DDTs (B) in 

soils of the study site 
 

The color in the red zone deepens with 
increasing contaminant concentration. The highest 
concentration of HCHs was found in the central 
north of the site, which is in the vicinity of the 
workshop. The contamination tendency of this site 
was emanative. The dust generated during pesticide 
production would waft with the wind and pollutants 

contained in the dust would be mixed into the soil, 
leading to HCHs contamination. As a result, the 
highest content of HCHs was observed in the soil 
around the workshop. From the contour map above, 
the HCHs-contaminated area was about 82,137 m2, 
accounting for 46% of the total area.  

Similarly, the highest concentrations of DDTs 
were mainly concentrated in the northwest of the 
factory near the storehouse (site 11). The main 
reasons for this were that the raw materials and 
DDTs products were stacked on the northwest side 
of the road and outside the walls of the factory and 
that the storage conditions were very poor and 
simple. The open storage of pesticides and long-term 
accumulation enabled the transfer of pesticides into 
the soil from the gaps in damaged packaging. The 
DDTs-contaminated area was about 91,569 m2, 
accounting for 52% of the total site area. 

 

 
FIGURE 6 

Proportion of HCHs (A) and DDTs (B) at 
different soil depth 

 

The concentrations of HCHs and DDTs in soil 
samples collected from 0 20, 20 40 and 40 60 cm 
depth at sites 2, 3, 8 were analyzed to explore 
whether pollution was mitigated with increasing 
depth. The proportions of HCHs and DDTs at 
different soil depths were shown in Fig. 6. 

The concentrations of HCHs and DDTs 
significantly reduced with increasing depth. In deep 

-HCH content was still the highest among 
the four HCHs isomers. The reason for this might be 
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that after the surface and sub-surface soil was 
contaminated by HCHs, all HCHs would migrate 
downward at a constant rate, leading to a stable 
proportion of each HCHs isomer at all soil depths. 
The average percentage of HCHs in surface soil was 
60% of the total and that in deep soil samples was 
20%, taking the three sampling sites into account.  

DDTs concentrations were generally higher 
than HCHs in deep soil samples, and the dominant 
DDTs isomer was still p,p'-DDT, which was quite 
similar to the surface soil. DDTs content in surface 
soil contributed 87% of the total, and that in deep soil 
contributed only 2% at sampling point 8. The 
difference between the contribution of HCHs and 
DDTs to contamination at the surface and in deep 
soil might result from the difference in vertical 
migration of DDTs compared with HCHs.  

On the basis of the secondary residential land 
limit of environmental quality of soil (1.0 mg/kg), 
the concentrations of HCHs and DDTs in soil to 50 
cm depth reached the limit of the standards and the 
contaminated volume of this research site was about 
45,785m3. The results of this study on the 
concentration and distribution of HCHs and DDTs in 
soils were revealed that this pesticide contaminated 
site is still seriously polluted, which will be helpful 
to dispose the historical pesticide contaminated sites. 
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ABSTRACT 

 
Compared with the conventional adsorption 

materials, carbon nanotubes have advantages of high 
adsorption capacity and rapid adsorption due to its 
unique structure and have been one of the most 
attractive adsorbents for solid phase extraction. 
However, in practical applications, carbon nanotubes 
tend to aggregate and thus dramatically deteriorate 
its adsorption ability. In addition, the bare carbon 
nanotubes generally exhibit non-specific adsorption 
for a wide range of targets, which restricts its 
sorption selectivity and analytical sensitivity of 
adsorptive substances. The application range of 
carbon nanotubes can be broadened via surface 
functionalization. In this paper, the structure and 
properties of carbon nanotubes are introduced 
briefly, and, the functionalization methods of carbon 
nanotubes and its application in the adsorption and 
solid phase extraction of inorganic metal ions, 
organic compounds and biomolecules are presented. 
The adsorption mechanisms of metal ions and 
organic compounds by carbon nanotubes are also 
discussed. Further, the promising application of 
carbon nanotubes in the fields of adsorption and 
solid phase extraction is prospected. Novel 
functionalization methods need to be developed to 
improve the sorption selectivity and analytical 
sensitivity of adsorbed substances, and, further 
research needs to be done on the adsorption 
mechanisms. 

 
 

KEYWORDS 
Carbon nanotubes; Functionalization; Adsorption; Solid 
phase extraction 

 
 

INTRODUCTION 

 
Carbon nanotubes. Since its discovery in 

1991[1], carbon nanotubes (CNTs) have received 
tremendous interest of researchers because of its 
unique structure. CNTs can be viewed as a graphene 

sheet (sp2 carbon) rolled up into a tube with both 
ends capped by a half spherical structure of bucky 
balls. Carbon nanotubles have large length-
diameter ratio with the diameter varying from 
several nanometers to tens of nanometers and the 
length from hundreds of nanometers to tens of 
micrometers even up to centimeter-level. CNTs can 
be classified into single-walled carbon nanotubes 
(SWNTs) and multi-walled carbon nanotubes 
(MWNTs) according to layer number. A single layer 
of graphene sheet is rolled up into the former, and the 
latter comprising 2-50 concentric cylindrical shells 
of graphene sheets with a fixed distance between 
layer and layer (ca. 0.34 nm).  

As a one-dimensional nanomaterial, carbon 
nanotubes have unique surface effect, small size 
effect, quantum effect and macro quantum tunnel 
effect, meanwhile, its unique hollow tubular 
structure gives excellent mechanical, electrical, 
thermal properties. In addition, CNTs show the 
excellent performance on adsorbing gas and liquid 
due to its stable chemical properties and great 
specific surface area, expecting to be used as a new 
hydrogen storage material and adsorbent. CNTs have 
been applied in many fields such as composite 
material [2], hydrogen storage [3], catalyst support 
[4], anti-cancer drug carrier [5], battery [6], modified 
electrode [7], chemical sensor [8], microscope probe 
[9], separation[10-11-12], etc. because of the above 
mentioned excellent properties. 

In practical applications, although CNTs have 
excellent performance, it is easy to aggregate into 
bundles and ropes due to van der Waals forces 
between tubes. In addition, it is almost insoluble in 
water and organic solvents because of its smooth 
surface with very few dangling bonds. This greatly 
restricts its applications in various aspects. 
Therefore, it is necessary to functionalize CNTs to 
improve its solubility. The novel functionalized 
composites may meet the demands of practical 
applications. With the improvement of the 
preparation technology for CNTs, the 
functionalization of CNTs has been a main research 
direction.  
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FIGURE 1 

Main CNTs functionalization methods. Reprinted with permission from ref 14. (This work is licensed 
under the Creative Commons Attribution 3.0 licence. To view a copy of this license, visit 

https://creativecommons.org/licenses/by/3.0/.) 
 

 
Solid phase extraction. Solid phase extraction 

(SPE), a separation technique put forward in the 
1970s, is a sample pretreatment technique based on 
liquid-solid separation and extraction, developed 
from liquid-solid extraction technique combined 
with column liquid chromatography. The measurable 
substance is selectively adsorbed on the fine-grained 
porous solid adsorbent from the solution and then 
eluted by another solvent with smaller volume or 
thermal desorption method, thus, it can be separated 
and concentrated. It is an effective way to extract and 
concentrate target species simultaneously. 

Compared with conventional liquid liquid 
extraction, SPE has the following advantages: no use 
large amount of organic solvents, no emulsification, 
high efficiency of sample treatment, effective 
separation, simple operation, high recovery, good 
reproducibility, easy to realize automation, etc. SPE 
has been one of the most commonly used sample 
pretreatment method presently. 

The extraction efficiency of SPE is influenced 
by various factors, such as type and amount of 
adsorbent, type and property of eluent, volume of 
sample solution, sampling flow rate, sample matrix, 
etc. The property of adsorbent directly influences the 
reliability and accuracy of analytical method, thus, it 
is important to select proper adsorption materials. 

Compared with conventional adsorbents, CNTs 
has large adsorption capacity and short equilibration 
time [13]. A large number of literatures have 
reported its application in the fields of adsorption 
and SPE. 

This paper will summarize the 
functionalization methods of carbon nanotubes ant 
its application in the adsorption and SPE, and 
prospect its further promising application. 

 
 
 

THE FUNCTIONALIZATION OF CARBON 
NANOTUBES 

 
As shown in Fig. 1[14], the functionalization 

methods of CNTs can be divided into two major 
categories: covalent functionalization and non-
covalent functionalization. For covalent 
functionalization, the chemical groups are 
covalently connected with the conjugate skeleton of 
CNTs through chemical reactions, which may occur 
on the tips or sidewall of CNTs. The chemical 
activity of the tips is the strongest. CNTs often need 
to be oxidized before functionalized to get oxygen-
containing groups at sidewalls and tips that can be 
modified as active sites. The sidewall defects (e.g. 
vacancy, pentagon-heptagon) on CNTs may increase 
its chemical activity. The functionalization of the 
sidewall may produce sp3 carbon and destruct the 

decrease of its excellent properties such as 
conductivity, mechanical performance, etc. 
Compared with covalent functionalization, for non-
covalent functionalization with the advantage that 
the structure and electron system of CNTs itself may 
not be destructed, the supermolecular with 
functional groups (polyaromatic hydrocarbon, 
surfactant, polymer, biomolecule) is adsorbed or 
coated on CNTs surface through non-covalent 

-  
 
Covalent functionalization. (1) Defect site 

chemistry - oxidation reactions. Oxidation of 
CNTs is the most widely studied among various 
surface functionalization methods. Early treatment 
approaches used gas-phase oxidation mainly in air 
and oxidative plasmas. A report also mentions a 
method to introduce oxygen species on the sidewalls 
of CNTs using nitric acid vapor [15]. Liquid-phase 
oxidation mainly involved hot nitric acid or 
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sulfuric/nitric acid [16]. Sonication assisted 
oxidation treatment of CNTs in mixed acid increases 
the population density of surface oxide groups onto 
CNTs sidewalls [17]. Using piranha solutions may 
yield short, cut nanotubes [18]. 

 
(2) Esterification-amidation reactions. 

Carboxylated CNTs is often used as precursors for 
further covalent functionalization. Carboxylic 
groups on the sidewalls and tips of CNTs are 
converted to acyl chloride groups via reaction with 
thionyl or oxalyl chloride, followed by the 
introduction of proper alcohol or amine. Other 
substituents, including organic substances, 
biomolecules, polymers, or photosensitive 
compounds, can be interacted with CNTs by this 
procedure [19]. Acyl chloride-modified MWNTs 
reacted with highly branched molecules like 
poly(amidoamine) (PAMAM) dendrons, resulting in 
dendrimer-MWNTs hybrid materials, employed as 
templates for the deposition of silver nanoparticles 
[20]. 

 
(3) Halogenation. Treatment of purified 

SWNTs with peroxytrifluoroacetic acid under 
ultrasonication generated not only oxygen based 
functional groups, but also trifluoroacetic groups 
covalently attached to the SWNT surface. Moreover, 
these functionalized SWNTs were shortened into ca. 
300 nm length, easily dispersed in polar solvents 
such as DMF, water and ethanol [21]. Fluorinated 
SWNTs can be covalently functionalized with urea, 
guanidine, thiourea and aminosilane moieties, 
resulting in partial substitution of fluorine atoms 
[19]. The iodination of SWNTs via modified 
Hunsdiecker reactions can further introduce aryl 
halides or large aromatic moieties onto CNTs surface 
by metal-mediated coupling reactions [22]. 

 
(4) Other covalent functionalization 

methods. In addition to the abovementioned 
covalent approaches, there are other methods like 
complexation reactions, cycloaddition reactions, 
radical additions, nucleophilic additions, 
electrophilic additions, ionic liquids, 
electrochemical modifications, plasma-activation, 
mechanochemical functionalizations [19], and click 
chemistry developed in recent years [23]. 

 
Non-covalent functionalization. (1) 

Polynuclear aromatic compounds. Aromatic 
derivatives carrying a hydrophilic or hydrophobic 
moiety can dissolve CNTs in aqueous and organic 
media. Nakashima et al. [24] studied the 
solubilization of CNTs in aqueous solutions with 
phenyl, naphthalene, phenanthrene, and pyrene-
ammonium amphiphiles, and stated the importance 
of - interactions between the aromatic moieties 

and CNTs sidewalls. Dai et al. [25] synthesized a 
variety of biomolecules modified CNTs using -

derivatives and CNTs. 
 
(2) Surfactants. Surfactants are amphiphilic, 

whose hydrophilic parts interact with the solvent and 
hydrophobic parts are adsorbed onto CNTs surface, 
thus preventing CNTs from the aggregation into 
bundles and ropes and dispersing them in the 
solvent. Cationic, anionic and nonionic surfactants 
can be used for non-covalent functionalization of 
CNTs. Typical examples include cetyltrimethyl 
ammonium bromide (CTAB), sodium dodecyl 
sulfate (SDS), Triton, etc. The literature [26] 
discussed the mechanism of dispersing CNTs in the 
surfactant solutions.  

 
(3) Polymers. Polymer wrapping through non-

covalent interactions may control the surface 
properties of CNTs and increase its stability and 
dispersity in the solvent. The wrapped polymers on 
CNTs surface have been utilized to support and/or 
reinforce the unique functionality of the CNTs, 
leading to the development of high-performance 
devices. Fujigaya et al. [14] reviewed various 
polymer wrapping approaches, together with the 
applications of the polymer-wrapped CNTs. -

ions between conjugated luminescent 
polymers PmPV and SWNTs could give a stable 
suspension of SWNTs [27]. The hydrophobic 
interactions mostly with side chains ensure strong 
binding of the amphiphilic polycation to the CNTs 
surface, while the hydrophilic parts of the polymers 
provide solubility in polar solvents [28]. A new type 
of SWNTs doping polymers, as a replacement for 
indium tin oxide, a commodity transparent 
conductor, has the advantages like good mechanical 
properties, smooth, high temperature resilience, etc 
[29]. 

 
(4) Biomolecules. Various biomolecules, 

including natural proteins with high molecular 
weight like lysozyme [30], oligopeptides like cyclic 
peptide [31], polysaccharides like chitoson [32], 
nucleic acid like single-stranded DNA [33], can be 
spontaneously adsorbed onto the sidewalls of CNTs 
through hydrophobic interaction, improving the 
dispersity of CNTs in solutions. The non-covalent 
functionalized CNTs with bioactivities have opened 
up an entire new and exciting research direction in 
the field of chemical biology. 

 
Other functionalization methods. Besides the 

abovementioned covalent and non-covalent 
functionalization approaches, fullerenes, organic 
substances, inorganic substances, etc. can be 
encapsulated in the cavity of CNTs. Metal 
nanoparticles also can be decorated on the surface of 
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CNTs through covalent linkage, electrodeposition, 
non-covalent interactions [19].  
 
 
THE APPLICATION OF CNTS IN 
ADSORPTION AND SPE 

 
CNTs have rich porous structure with large 

specific area. Therefore, it has excellent adsorption 
capability. In addition, CNTs have stable chemical 
property and can be functionalized via multiple 
methods. In adsorbing harmful metal ions (e.g. 
Cr(VI) Cd(II) As(V) Hg(II) Pb(II), etc.) and 
organic pollutants in water, CNTs have high 
adsorption capacity and high adsorption speed, far 
better than conventional adsorption materials such as 
activated carbon. It has important applications in the 
fields of adsorption and SPE. 

 
Adsorption and SPE of metal ions. Existing 

researches have shown that CNTs are a potential 
adsorption material for heavy metals in aqueous 
solutions. In 2010, Pyrzynska [10] overviewed the 
applications of CNTs for enrichment and separation 
of metal ions, and speciation. The sorption 
mechanism appears to be mainly attributable to 
chemical interactions between metal ions and the 
functional groups on the surface. The main 
mechanism is considered to be surface complexation 
with functional groups (Fig. 2) [10]. Thus, the 
sorption performance is mainly related to the 
properties and concentration of these groups. The 
effects of surface oxidation and chemical 
functionalization, sorption capacities and process 
parameters, are also discussed. Numerous studies 
explained the sorption mechanism mainly by 
oxygen-containing functional groups on CNTs 
surfaces but neglected the potential role of metal 
catalyst residues in CNTs. The literature [34] firstly 
reported the effect of residual metal impurities (Co 
and Mo) in one type of commercially available CNTs 
(P-CNTs) on the adsorption of Pb(II) from water. 

The metal impurities released into the solutions 
during the sorption, and experiments demonstrated 
that PbMoO4 formation between Pb(II) and CNT-
released MoO42- and subsequent precipitation in the 
sorptive solutions is the main mechanism for the 
apparent sorption of Pb(II) by P-CNTs. Thus, 
sorption capacity of P-CNTs (27.3 mg g-1) for Pb(II) 
was much higher than that of the water-washed P-
CNTs (4.7 mg g-1). Qiu et al. [35] studied the 
adsorption of Cr(VI) on MWNTs in aqueous 
solution. Effects of Cr(VI) concentration, solution 
pH, coexisting Cr(III) on the Cr(VI) adsorption were 
examined. Acid condition, low pH, is favorable for 
the adsorption. The maximum adsorption capacity is 
532.215 mg g-1. Addition of Cr(III) into the solution 
could decrease the Cr(VI) removal capacities 
because of their competitive adsorption on CNTs. 
Under the same conditions, CNTs showed an 
adsorption capacity of Cr(VI) 2-6 times as large as 
the commercial activated carbon. The literature [36] 
studied competitive adsorption of heavy metal ions 
on CNTs and the desorption in simulated biofluids. 
Oxidized CNTs had meaningful adsorption 
capacities for Pb2+, Cu2+, Zn2+ and Cd2+, while 
Pb2+ showed the highest adsorption in the 
competitive adsorption evaluations. The desorption 
behaviors of heavy metal ions were completely 
different in various biofluids, where the desorption 
was significantly influenced by pH and the presence 
of proteins/other cations. The desorption was most 
effective in simulated stomach juice, and much less 
effective in other simulated biofluids. More Pb2+ 
stuck to CNTs than others, resulting in less 
desorption. Interestingly, the competitive desorption 
behaviors of four ions were largely changed 
comparing to the individual desorption behaviors. 
This work also has a certain meaning to the biosafety 
evaluations of CNT. 

The sorption mechanisms of metal ions on 
CNTs composites obtained via various 
functionalization methods are related to not only the 
properties of CNTs itself but also the introduced 

 
 

 

FIGURE 2 
Major mechanism for sorption of metal ions onto the surface of a carbon nanotube. Reprinted with 

permission from ref 10. Copyright 2010 Elsevier. 
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molecules/groups in the functionalization process. 
The main purpose of functionalization is to 
effectively eliminate its non-specific adsorption 
toward target species, improve its sorption capacity, 
sorption selectivity and anti-interfering capability. 

 [37], modified 
MWNTs with noncovalent wrapping by a 
hydrophilic polyelectrolyte PDDA converts the 
surface charge property of MWNTs and provides a 
favorable adsorbent for the selective adsorption of 
Cr(VI) in the presence of a certain amount of Cr(III). 
When compared to bare MWNTs, the PDDA-
MWNTs composites offers a much improved 
adsorption efficiency for Cr(VI). In another work 
[38], the incubation of MWNTs in Fe3+ solution 
produces a layer of amorphous FePO4 assembled on 
its surface. The functionalized MWNTs composites 
are found to exhibit excellent adsorption selectivity 
toward cadmium in comparison with bare carbon 
nanotubes. The composites also provide a much 
higher adsorption capacity to cadmium. Tan et al. 
[39] used anionic surfactant SDBS to enhance the 
adsorption of nickel on oxidized MWNTs. The 
adsorption mechanism was mainly attributed to 

chemical interaction between nickel and the surface 
functional groups of MWNTs and surface adsorbed 
SDBS. The adsorbed SDBS on MWNTs could lead 
to the modification of the MWNTs surfaces and 
partial complexation of nickel with SDBS adsorbed 
on MWNTs. Hu et al. [40] synthesized the magnetic 
composite of -cyclodextrin grafted onto 
MWNTs/iron oxides to remove Pb(II) from aqueous 
solutions. The adsorption capacity is 12.29 mg g-1, 
apparently higher than MWNTs/iron oxides, 
oxidized MWNTs and iron oxides. The grafted -
cyclodextrin on the MWNTs/iron oxides contributed 
to an enhancement of the adsorption capacity 
because of the strong abilities of the multiple 
hydroxyl groups and the inner cores of the 
hydrophobic cavity in -cyclodextrin to form 
complexes with metal ions. 

A large number of literatures have reported the 
SPE of metal ions by CNTs, as shown in Table 1. 
Soylak et al. [41] used MWNTs for on-line 
preconcentration of Cu(II) in natural waters. Zhao et 
al. [42] used oxidized MWNTs for on-line 
preconcentration of Cu, Zn, Mn, Pb. Chen et al. [43] 

 
TABLE 1 

Examples of carbon nanotubles in the solid phase extraction of metal ions 
 

Adsorbent Metal 
ACa 
(mg g-1  

PFb Technique Sample 
LODc 

-1  
Ref. 

MWNTs Cu(II)  60 FAAS Natural waters 1.46 41 

Oxidized MWNTs 
Cu Zn 
Mn Pb 

 
20.3 14.2 
20.6 15.4 

FAAS Vegetables 
0.59 0.62  
0.28 1.00 

42 

SWNTs 
Mn(II) 
Mn(VII) 

0.87 
0.53 

 ICP-MS 
Biological and 
environmental 
samples 

0.031 
0.054 

43 

Oxidized MWNTs 
Ni 
Pb 

  ETAAS 
Municipal sludge, 
Lake sediment 

0.03 
0.01 

44 

NBHAE-MWNTs 
Au(III) 
Mn(II) 

75 
7.5 

250 FAAS 
Tap,well and waste 
waters 

0.03 
0.01 

45 

EDA modified 
MWNTs 

Cr(III) 
Fe(III) 
Pb(II) 

39.58  
28.69  
54.48 

200 ICP-OES 
Biological and natural 
water samples 

Under 
0.35 

46 

L-tyr-CNTs Co 
37.58± 
3.06d 

180 FAAS Natural waters 0.05 47 

CTAC 
hemimicellecappe
d MWNTs 

As   HG-AFS Environmental waters 0.02 48 

PIDA-MWNTs 
Fe(III) 
Cu(II)  
Pb(II) 

64.5 
30.5 
17.0 

100 ICP-OES River and tap waters 
0.26 
0.15 
0.18 

49 

MWNTs-
D2EHPA-TOPO 

Cu 
Ni 
Zn 

4.90 
4.78 
4.82 

25 FAAS 
Natural water, 
electroplating waste 
waters 

50 
40 
60 

50 

BSA modified 
MWNTs 

Cd 21.98 10.8 TS-FF-AAS Blood serum 0.24 51 

ACa: Adsorption capacity; PFb: Preconcentration factor; LODc: Limit of detection 
-1 of CNTs (Column capacity) 



© by PSP  Volume 25  No. 12/2016, pages 5151-5161   Fresenius Environmental Bulletin  
 

 

 

5156 

used SWNTs for simultaneous enrichment of Mn(II) 
and Mn(VII). Savio et al. [44] compared the 
adsorption performance of MWNTs, oxidized 
MWNTs and L-alanine modified MWNTs, and used 
oxidized MWNTs with the optimal adsorption 
performance for on-line enrichment of Ni and Pb. 
Shamspur et al. [45] used shiff base modified 
MWNTs for on-line enrichment of trace Au(III) and 
Mn(II) in waters simultaneously. Zang et al. [46] 
used EDA modified MWNTs for simultaneous 
enrichment of Cr(III), Fe(III) and Pb(II) in biological 
and natural water samples. Pacheco et al. [47] used 
L-tyrosine modified MWNTs for the 
preconcentration of Co in natural waters. Li et al. 
[48] used surfactant CTAC hemimicellecapped 
MWNTs for on-line enrichment of As in 
environmental waters. Cui et al. [49] used MWNTs 
covalently grafted by phenyl-iminodiacetic acid 
groups for SPE of trace Fe(III), Cu(II) and Pb(II) in 
environmental waters. Vellaichamy et al. [50] used 
MWNTs-D2EHPA-TOPO for on-line enrichment of 
Cu, Ni and Zn, and analyzed electroplating waste 
water, tap water and well water. Barbosa et al. [51] 
functionalized bovine serum albumin (BSA) on 
MWNTs surface for direct extraction of cadmium 
from human serum samples. 

 
Adsorption and SPE of organic compounds 

and biomolecules. The literatures [12,52] 
summarized the applications and mechanisms of 
organic chemical adsorption on CNTs, considering 
that different mechanisms may act simultaneously, 

-
electrostatic interactions, and hydrogen bonds. In 
2015, Apul et al. [53] reviewed the adsorption of 
synthetic organic contaminants from waters by 
carbon nanotubes in recent 10 years. Adsorption 
depends upon the physicochemical properties of the 
adsorbates and CNTs as well as the background 
water chemistry. Among all properties reported in 
the literature, no parameter was reported as solely 
controlling the adsorption. Besides the two major 
factors: specific surface area and pore volume, 
hydrophobic interaction is the primary driving force 
for the adsorption of organic compounds from water 
on CNTs surface. Other principle factors are, -
interactions between 
compounds  on CNTs surface, 
and, polar moieties of organic compounds enhancing 
dipole-dipole attractions. In addition, molecular size 
of organic compounds, oxygen content on CNTs 
surface are also proposed influencing the adsorption. 
In general, pH and ionic strengths exhibited no 
significant difference on nonionic organic 
compounds. Some dependence to pH and ionic 
strength were observed for adsorption of ionizable 
organic compounds (e.g. phenolic compounds, 
anilines etc.), existing two counter-balancing forces 

influencing adsorption: salting-out effect and 
squeezing-out effect. In terms of temperature effect, 
adsorption of organic compounds by CNTs was 
predominantly reported as an exothermic process; 
therefore, increase in temperature decreased 
adsorption capacity. As illustrated in the research of 
Chen et al. [54], the adsorption affinity of organic 
compounds with CNTs increased in the order of 
nonpolar aliphatic nonpolar aromatics
nitroaromatics. The strong adsorptive interaction 
between CNTs and nitroaromatics was due to -  
interactions. Dai et al. [25] developed a controlled 
method for immobilizing proteins onto SWNTs. The 
results showed that the highly aromatic compounds 
could interact with  

Many references have reported SPE of organic 
compounds by CNTs. Cai et al. [55] developed a 
method for the enrichment of bisphenol A, 4-n-
nonylphenol, and 4-tertoctylphenol by using a 
MWNTs-packed cartridge. The retained analytes are 
desorbed with methanol and determined by HPLC-
FL, achieving LOD of 0.083, 0.024, and 0.018 ng 
mL-1, respectively. The developed method was 
applied to analyzing environmental water samples. 
Yu et al. [56] used MWNTs for simultaneous SPE of 
11 triazine herbicides residues in Songhuajiang river 
water detected by LC-MS-MS with LOD lower than 
0.1 ng L -1. Springer et al. [57] developed a method 
for chlorsulfuron and metsulfuron methyl 
determination in water samples using MWNTs and 
capillary electrophoresis, with LOD of 0.40 and 036 

-1. Lu et al. [58] used MWNTs as SPE adsorbent 
for the determination of chloramphenicol in egg, 
honey, and milk by HPLC-MS-MS, with LOD of 
0.003- -1. Luo et al. [59] used magnetic 
MWNTs for extraction of 16 phthalate acid esters 
from beverage, environmental water and perfume 
samples by GC-MS, with LOD of 4.9-38 ng L-1. 
Chen et al. [60] used magnetic MWNTs for 
enrichment of linear alkylbenzene sulfonates in 
environmental water samples by HPLC-UV, with 
enrichment factor of 500 and LOD of 0.013-
L-1. Lee et al. [61] used magnetic MWNTs for 
extraction of volatile organic compounds including 
benzene, toluene, ethyl benzene, xylene, and styrene 
detected by GC-MS with LOD of 0.7-0.9 ppbv. 

Northeastern University firstly used functionalized 
CNTs as SPE adsorbents for isolation and 
preconcentration of biomolecules. Using 
hemoglobin and cytochrome c as model proteins, 
MWNTs were employed as sorbents for the isolation 
and preconcentration of basic proteins from 
biological sample matrices, through oxidative 
modification of MWNTs surface [62]. It was 
considered that the protein adsorption onto carbon 
nanotubes might be attributable to electrostatic 
interaction and that an ion-exchange mechanism was  
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FIGURE 3 
Illustrations of the functionalization process of MWNTs with the hyperbranched polyethyleneimine 

(BPEI) and its adsorption of proteins. A: MWNTs; B: MWNTs oxidized with a sulfuric acid/nitric acid 
mixture; C: the immobilization of BPEI onto the sidewalls of MWNTs; D: selective adsorption of BSA by 
the functionalized BPEI-MWNTs. Reprinted with permission from ref 64. Copyright 2010 Wiley-VCH. 

 
 

involved in the elution/desorption process. In 
addition, through appropriate choice of the elution 
conditions, sequential elution of protein species with 
different isoelectric points from each other might be 
achieved. The practical applicability of this system 
was demonstrated by processing of human whole 
blood for isolation of hemoglobin. PDDA-MWNTs 
composites [63] were used for on-line enrichment of 
acidic proteins from human whole blood detected by 
UV-Vis, with sorption capacity of 26 mg g-1, 

-1. 
As shown in Fig.3, hyperbranched BPEI 
functionalized MWNTs composites, BPEI-MWNTs 
[64], were employed for on-line enrichment of 
human serum albumin from whole blood. The 
branched architecture of polyelectrolyte on the 
surface of carbon nanotubes significantly improved 
the adsorption capacity of proteins due to the fact 
that the branched polyelectrolyte provides a lot more 
positions for protein adsorption on its branches and 
effectively reduces the lateral repulsion of protein 
molecules within the adsorbed layer. A dynamic 
adsorption capacity of 167 mg g-1 for BSA was 
achieved, along with enrichment factor of 10 and 

-1. Chitosan/MWNTs 
composites [65] were applied for extraction of 
hemoglobin from human whole blood detected by 
UV-Vis, with sorption capacity of 15.41 mg g-1. 
Ding et al. [66] used magnetic carbon nanotubes for 
extraction of estrogens in milk by HPLC-FL, with 
LOD of 1.21- -1. Vinas et al. [67] used 
MWNTs as SPE adsorbents for on-line speciation of 
4 cobalamins in seafoods by HPLC-UV, with LOD 
of 0.35-30 ng mL-1. Huang et al. [68] described a 
method for SPE of biogenic thiols (glutathione, 
cysteine, acetylcysteine) in human urine and blood 
samples using MWNTs as adsorbent, and their 

subsequent determination via HPLC-FL. The 
respective LOD were 20, 4, 80 pM. 
 
 
SUMMARY AND OUTLOOK 

 
Carbon nanotubes have excellent adsorption 

capability due to its unique structure and potentially 
broad application in the fields of adsorption and 
SPE. Future work can focus on the following areas: 

Its application range can be broadened through 
developing multiple functionalization methods, 
novel SPE methods and analytical techniques for 
trace analysis. Select the type of functional group for 
target substances and improve the functionalization 
methods to improve the sorption selectivity and 
analytical sensitivity.  

At present there are only few 
commercialization applications of CNTs in the fields 
of adsorption and SPE, possibly because of relatively 
high cost of preparation/purification techniques of 
CNTs. Thus, it is necessary to develop cheap and fine 
preparation/purification techniques and 
functionalization methods to lower costs and open 
up a new path to its industrialization. 

Studies on SWNTs in adsorption and SPE are 
relatively less, possibly because its market price is 
considerably higher than MWNTs. However, the 
specific area of SWNTs is higher than MWNTs 
(SWNTs: 373±146m2g-1; MWNTs: 216±159 m2g-
1) [53]. So we should also promote the future study 
on SWNTs.  

There are more studies on adsorption 
equilibrium of CNTs than its adsorption kinetics and 
desorption behavior in present literatures, which are 
equally important in understanding the adsorption 
process. We should strengthen this work in future 
research. 
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Although some work has been done on the 
exploration of adsorption mechanisms and the 
building of adsorption models for CNTs, it is still 
rather shallow, especially for the adsorption behavior 
and mechanism of CNTs in heterogeneity and 
complex system.  
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ABSTRACT 

The pollution characteristics of PM2.5 and its 
chemical compositions under different air quality 
grades (HJ 633-2012) were analyzed from January 1 to 
December 31, 2013, by using the online monitoring 
data at four representative air quality monitoring sites, 
and the chemical compositions of sampled PM2.5 in 
Handan. The results showed that the average annual 
concentration of PM2.5 was 139  m-3 in Handan city 
in 2013, which was about 4 times of the national Grade 
II  m-3), and the percentages of the 
number of the days exceeding the national Grade II air 
quality standard (GB3095-2012) were 74.4%. There 
were no excellent days, and moderately to severely 
polluted days accounted for 50% throughout the year. 
With the deterioration of air quality grades, the mass 
concentrations of PM2.5 and its chemical compositions 
were elevated, and the mass concentrations of most 
chemical compositions increased dramatically when 
severe pollution occurred except for a few elements. 
The mass concentrations of elemental carbon (EC) and 
organic matter (OM) on severely polluted days were 
approximately 5.9 and 5.5 times those of good days. 
NO3

-/SO4
2- and OC/EC ratio increase when air quality 

index (AQI) increased, and peaked in moderately and 
heavily polluted days, respectively, and slightly fall 
down under the severely polluted days. The 
enrichment factors (EF) of all elements had different 
degree of increase, and the EF of anthropogenic 
elements were elevated consistent with the increasing 
of the AQI, while the elements from crustal sources did 
not show the obvious change. 

 
 

KEYWORDS:  PM2.5; Air quality grades; Water-soluble 
inorganic ions; Carbonaceous components; Inorganic 
elements. 

 
 

INTRODUCTION 

Frequent large scale and severe haze pollution 
occurred since 2013 over the regions of mid-eastern 
China, which causes wide attention of academic and 
public all over the world. The serious haze pollution 
has become the most urgent atmospheric 
environmental problems which need to solve. Hebei is 
the most polluted province in China. In the report by 
the Ministry of Environmental Protection of China, the 
most ten polluted cities in 2013 are Xingtai, 
Shijiazhuang, Handan, Tangshan, Baoding, Ji nan, 
Hengshui, Xi an, Langfang, and Zhengzhou, seven of 
which are located in Hebei province. Then the most ten 
polluted cities in 2014 are Baoding, Xingtai, 
Shijiazhuang, Tangshan, Handan, Hengshui, Ji nan, 
Langfang, Zhengzhou and Tianjin. 

The problem of air pollution in the southern 
Hebei was more serious than in the northern, which 
was related to the special geographical locations of the 
southern area [1]. Handan, located in the southern edge 
of Hebei and adjacent to Taihang Mountain, is the 
border of the four big industrial province (Shanxi, 
Henan, Shandong and Hebei). The air pollutants of 
Handan are industrial emissions, which are mainly 
caused by thermal power, steel, building materials and 
so on. 

There are few related studies on the 
characteristics of PM2.5 in Handan at present. The 
Mesoscale Modeling System Generation 5 (MM5) and 
the Models-3/Community Multi-Scale Air Quality 
(CMAQ) modeling system have been applied to 
simulate the severe regional hazes in East Asia and the 
northern China in winter in 2013 to quantify the space 
and sector sources [2, 3]. The pollution characteristics 
of particulate matter in summer and autumn in Handan 
city were analyzed, by using the online monitoring data 
of 4 months by Zhang et al. [4]. Wei et al. [5] used the 
online monitoring data to analyze the severe haze 
pollution process in January 2013 in Handan. The 
seasonal variation and possible source of water-soluble 
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inorganic ions were studied, by using the water-soluble 
inorganic ion of sampled PM2.5 data in 2013 [6]. 
However, research on multiple components of PM2.5 is 
relatively deficient. Therefore, in this study, the 
pollution characteristics of PM2.5 and its chemical 
compositions under different air quality grades were 
analyzed from January 1 to December 31, 2013, by 
using the online monitoring data at four representative 
air quality monitoring sites, and the chemical 
compositions of sampled PM2.5 in Handan to provide a 
scientific basis for the control of air pollutants in the 
future of Handan city. 

 
 

MATERIALS AND METHODS 

Sample collection and chemical analysis. 
Samples were collected continuously from January 1 
to December 31, 2013. PM2.5 was sampled each day 
from 8:00 to 7:30 the next day in the non-heating 
period (from March 16 to November 14), and two 
samples were collected each day from 8:00 to 19:30 
and from 20:00 to 7:30 the next day in the heating 
period (from November 15 to next March 15). Then the 
sampled filters were packed in aluminum foil to avoid 
light. The sampling site is located on the roof of the 
experimental building of School of City Construction 
in Hebei University of Engineering, using VFC-PM2.5 
high volume sampler produced by Thermo Fisher. The 
24-hours flow accuracy of the sampler is less than 1%. 
Quartz fiber filters were used for sampling. 
 

Water-soluble inorganic ions. A 2 cm diameter 
quartz fiber filter was cut off from the sampled filters, 
and then put into a weighing bottle (25mm × 40mm) 
after cut into fragments, and 10mL of ultrapure water 
(resistivity:  cm) was added. After a 20 min 
ultrasonic bath with ice, the solution was drawn into a 
5mL syringe, filtered by a syringe filter, and injected 
into a polymeric centrifugal tube with filter cap. Then 
5 mL ultrapure water was added to the remainder 
sample. After a repeated 20 min ultrasonic bath, 
second filtration was proceed. Finally, two filtrate 
solutions were mixed to prepare for carrying on the 
analysis of the water soluble ion component. 

The polymeric centrifugal tube were put into a 
Dionex AS-DV Autosampler and analyzed by ion 
chromatography (ICS-1000, DX-600) for water-
soluble inorganic ions (NH4

+, Na+, K+, Mg2+, Ca2+, 
SO4

2-, Cl-, NO2-, NO3-). The test was completed in the 
center for analysis and testing of Beijing Normal 
University. 

 
Carbonaceous components. A 0.526 cm2 punch 

from each quartz fiber filter was analyzed for eight 
carbon fractions by a thermal optical carbon analyzer 
(DRI-2001A), following the IMPROVE_A protocol [7, 
8, 9]. The test was completed in Tsinghua University-
Suez environmental science and engineering 
experiment practice teaching center. 

 
Inorganic elements. ICP-MS was used to 

analyse the inorganic elements (i.e., Ti, V, Cr, Mn, Ni, 
Cu, Zn, As, Se, Sr, Cd, Ba, Pb, Br, Sb, Co, Rb, K, Fe 
and Ca). A 2cm diameter punch from each quartz fiber 
filter was put into PTFE digestion tube after being 
folded. Then 8 mL of HNO3 (BV-III) and 0.5mL of 
H2O2 solution (30%) were added into the digestion 
tube for 25 min microwave digestion at 190 . After 
cooling, the solution was filtered and decanted into a 
centrifugal tube, and diluted to 15mL with ultrapure 
water. The test work was completed in the institute of 
environment of the Chinese Academy of Sciences. 
 

Quality control. Sample collection process. 
Quartz fiber filters used for sampling were all baked at 
450 °C for 4h prior to sampling to remove adsorbed 
organic vapors and other impurities. The silicone oil 
was replaced every two weeks to ensure the effective 
sampling rate of PM2.5. Check the flow meter of the 
sampling pump everyday to avoid the error caused by 
the sampling flux. Filters were put in a chamber at 
25°C and 40±5% of relatively humidity for 24h before 
and after sampling. The filters were sealed preserved 
in a refrigerator at -20 °C. Ensure the seal of the 
samples in the process of storage and transport, and 
ensure that the process from the sampling locations to 
the laboratory without missing and pollution outside. 

Chemical analysis process. The containers used 
for experimental process such as beakers, plastic 
centrifuge tubes, pipettes, plastic dropper should clean 
by ultrasonic cleaning machine lasting 15 minutes 
every time. Then wash two times with high purity 
water to prevent the inaccuracy of experimental data 
caused by the external factors. In this study, the 
concentration measurement of water-soluble inorganic 
ions, carbonaceous components and inorganic 
elements of PM2.5 were added three groups of blank 
filter experiments under the same conditions to 
calculate the background concentration of each ion, 
carbon component, inorganic element in the blank 
filter, and further revised the sample data. All 
processes were strict to ensure the accuracy and 
reliability of the resulting data.  
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FIGURE 1 

Geographical locations of the monitoring sites in Handan 
 
Source of the monitoring data. The online 

monitoring concentration data of PM2.5 was derived 
from four state-controlled sites, which provided by the 
Environmental Protection Bureau of Handan. Four 
state-controlled sites are located in the Environmental 
Protection Bureau of Handan (HBJ: residents 
commercial transportation mixed District), East 
sewage treatment plant (DWS: general industrial zone), 
Hebei University of Engineering (KY: typical 
educational ranking people mixing zone) and Congtai 
Park (CT: urban green space).The specific geographic 
location is shown in (Fig. 1). 
 

RESULTS AND DISCUSSIONS 

PM2.5concentrations and air quality grades. 
PM2.5 concentrations. The average annual 
concentration of PM2.5 was 139  m-3 in 2013 in 
Handan city, which was about 4 times of the national 
Grade II standard (35  m-3), and the percentages of 

days exceeding the national secondary air quality 
standard were 74.4%. Moreover, the average daily 
concentrations of PM2.5 showed an intense episodic 
variations as shown in (Fig. 2). The most polluted 
months were January and December, the average 
monthly concentration of which were 284 g m-3 and 
233 g m-3, respectively. And the air pollution of 
August was the lightest, which had an average monthly 
concentration of 67 g m-3. The PM2.5 mass 
concentration showed an overall trend of the rise after 
the fall. This was mainly due to Handan is a coal 
heating city in winter (January, February and 
December), which caused the increase of the pollutants 
emissions to PM2.5, combined with the poor air 
convection, resulting in a rapid accumulation of 
particulate matter in a long time. However, the 
relatively abundant precipitation and the more 
conducive meteorological conditions, coupled with the 
relative less pollutant emissions than the heating period 
in summer (June, July and August) resulted in the 
lowest mass concentration of PM2.5 in August. 

 
FIGURE 2 

Geographical locations of the monitoring sites in Handan 
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FIGURE 3 
 Material balance of PM2.5 in Handan 

 

In order to further understand the contribution of 
each component to PM2.5 mass concentration in 
Handan city, the mass balances of PM2.5 in 2013 was 
calculated, as shown in Fig. 3. In this study, the 
calculation equality of OM was OM = k OC. Turpin 
[10] recommended that the urban areas should take K 
of 1.6 0.2, so the value of K was selected of 1.6 in 
this study. There are many estimation methods of GM 
(Geological Material), but considering the integrity of 
the data, this study selected GM = [Fe]/0.04, which 
was consistent with the research methods of Zhang et 
al. [11]. 

As shown in (Fig. 3), the percentage components 
of each chemical composition of PM2.5 in Handan in 
2013 was ranking for OM > GM > SO4

2- > NO3
- > 

NH4
+ > EC, consistent with the results of the research 

in Xi'an in 2011 [12]. Thus, it can be seen that the most 
components of PM2.5 in Handan city was OM, 
accounting for 20% of the total PM2.5 mass 
concentration. Followed by GM, accounted for 18% of 
the total PM2.5 mass concentration. As for SNA, the 
proportion (16%) of SO4

2- to PM2.5 mass concentration 
was the highest, which had the direct connection of the 
large coal-fired emissions in heating period. NO3

-, 
followed SO4

2-, accounted for 13% of the total PM2.5 
mass concentration. Compared to SO4

2- and NO3
-, the 

ratio of NH4
+ to the total PM2.5 mass concentration was 

slightly lower, accounting for 8%. 
 
Air quality grades. According to the Technical 

Regulation on Ambient Air Quality Index (on trial) (HJ 
633 - 2012) [13], the air quality index (AQI) are 
divided into six grades. When AQI is in the scope of 
0~50, 51~100, 101~150, 151~200, 201~300, and more 
than 300, the air quality grades is regarded as grade I 
(Excellent), grade II (Fine), grade III (Slightly 
polluted), grade IV (Moderately polluted), grade V 
(Heavily polluted) and grade VI (Severely polluted), 
respectively. The larger AQI is, the higher grade is, 
which show the more serious pollution and more 

obvious effects on human health. The distribution of 
air quality grades in Handan city in 2013 are in (Fig. 
4), and the AQI of each pollutant was calculated by the 
concentration data provided by the Municipal 
Environmental Protection Bureau of Handan. From 
(Fig. 4) we can see, there were no excellent days, and 
the number of the fine days was 52, only accounting 
for 14% throughout the year. At the same time, slightly 
polluted days accounted for 36% (132 days) all 
through the year. Moreover, moderately polluted and 
the above days accounted for 50% throughout the year 
in 2013. In conclusion, the air pollution in Handan city 
was extremely severe. 
 

Characteristics of the components in PM2.5 
under different air quality grades. Characteristics 
of the concentration variation. In order to understand 
the variation characteristics of PM2.5 components 
under different air quality grades, the ambient air 
quality grades were divided into Excellent (0 35  
m-3), Fine (35 75  m-3), Slightly polluted (75 115 

 m-3), Moderately polluted (115  m-3), 
Heavily polluted (150  m-3) and Severely 
polluted (more than  m-3) respectively in 
accordance with the mass concentration of PM2.5, 
comparing to the contributions of each component to 
PM2.5 mass concentration. 

The variation characteristics of PM2.5 and its main 
components mass concentration under different air 
quality grades are depicted in (Fig. 5). As shown in 
(Fig.5), with the deterioration of air quality grades, the 
mass concentrations of PM2.5 and its chemical 
compositions were elevated, and increase dramatically 
when severe pollution occurs, especially for EC and 
OM. The mass concentrations of EC and OM on 
severely polluted days were approximately 5.9 and 5.5 
times those of fine days, respectively. Following EC 
and OM, the mass concentrations of NH4

+ NO3
- and 

SO4
2- on severely polluted days were about 4.6, 3.2 and 
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FIGURE 4 

Distribution of daily air quality grades 
 

3.7 times those of the fine days, respectively. It is worth 
noting that the concentration variation of GM was the 
smallest, but it peaked when slightly polluted days, and 
fall down from the moderately polluted days to the 
severely polluted days. The percentage of each 
component in PM2.5 are shown in (Fig. 6). The 
variation of the percentage of EC in PM2.5 was 
consistent with the percentage of OM under different 
air quality grades, decreasing first and then increasing. 
However, the percentage of EC in PM2.5 peaked under 
the severely polluted days, accounting for 6.2% of 
PM2.5, but the percentage of OM in PM2.5 peaked while 
in the heavily polluted days and fall down when in the 

severely polluted days, which mainly due to the 
increase of PM2.5 mass concentration. The change 
trend of the percentage of NO3

- and SO4
2- in PM2.5 was 

consistent, but the percentage of SO4
2- increased while 

the percentage of NO3
- decreased in severely polluted 

days. The percentage variation of NH4
+ in PM2.5 was 

similar to EC, showing a trend of decreasing first and 
then increasing with the deterioration of air quality 
grades. Large difference to other components in PM2.5, 
the percentage of GM in PM2.5 increased first and then 
decreased. The percentage of GM in PM2.5 peaked 
under the good days, accounting for 26.5% of the PM2.5 
mass concentration.

 

FIGURE 5 
 Variation characteristics of PM2.5 and its main components under different air quality grades 
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FIGURE 6 

 The percentage of each components in PM2.5under different air quality grades 
 

The percentage of GM in PM2.5
 continued to decline 

from moderately polluted days to severely polluted 
days, and the minimum value occurred when in the 
severely polluted days, accounting for 11.5% of the 
PM2.5 mass concentration with the rate of decline up to 
57%. Little influence on GM by air quality, combined 
with the increase of PM2.5 mass concentration with the 
degree of pollution, lead to the opposite trend of the 
percentage of GM in PM2.5 with PM2.5 mass 
concentrations. 

 

Characteristics of NO3
-/SO4

2-ratio. The mobile 
source and stationary source contributions to PM2.5 in 
the atmosphere can be reflected by the ratio of NO3

-

/SO4
2-. When the ratio is greater than 1.0, the influence 

of mobile sources is stronger than the stationary source, 
indicating that the mobile source is the major pollution 
source at the sampling sites [14, 15, 16] and vice versa. 
The average annual NO3

-/SO4
2- ratio was 0.87 in 

Handan city in 2013, and 1.26 in winter, which was 
1.2~1.4 times of other three seasons. It was mainly 
related to the coal-fired energy structure in Handan city 
in winter. 

(Fig.7) shows the mass concentrations variation 
of NO3

-, SO4
2- and NO3

-/SO4
2- under different air 

quality grades in Handan city. As shown in (Fig.7), 
with the deterioration of air quality grades, the mass 
concentrations of NO3

- and SO4
2- increased, especially 

for the mass concentrations of SO4
2-, and the increase 

of maximal amplitude occurred in severely polluted 
days. NO3

-/SO4
2- ratio increased slowly and then 

decreased with the deterioration of air quality grades. 
The ratios were less than 1.0 and in the scope of 
0.71~0.98. The maximum value appeared under the 
moderately polluted days and the minimum value 

occurred under the severely polluted days, indicating 
that the influence of stationary source was more 
important than the mobile sources in Handan city, and 
the influence of stationary source increased from 
moderately polluted days to severely polluted days. 

 
Characteristics of OC/EC ratio. OC/EC ratios 

can be used to express the emission and transformation 
characterization of carbonaceous aerosol [17, 18]. 
When the value is greater than 2.0, indicated that 
organic carbon occured secondary transformation. 
Previous studies [19, 20, 21, 22] have shown that the 
ratio of OC/EC was in the scope of 1.0~4.2, indicating 
that the emissions were mainly derived from diesel and 
gasoline vehicles, and the ratio of 2.5 10.5 indicated 
the source of coal-fired emissions, and the ratio of 
16.8 40.0 indicated the source of wood burning 
emissions, and the ratio about 7.7 indicated the source 
of biomass burning. The average annual OC/EC ratio 
was 3.4, and the ratio of most samples was between 2.0 
to 4.0 in spring, summer and winter, but OC/EC ratio 
was as high as about 6.0 in autumn, indicating that 
secondary carbon pollution exist in Handan City 
throughout the year, and the most serious pollution 
occurred in autumn, which mainly due to the large 
amounts of biomass fuel burning combined with 
adverse weather conditions. 

(Fig.8) shows the variation of the mass 
concentration of OC, EC and OC/EC in different air 
quality grades. As shown in (Fig.8), with the 
deterioration of air quality grades, the mass 
concentration of OC and EC increased under different 
degrees. The growth of OC mass concentration was 
more significant, showing a linear increase trend, and 
the OC mass concentration in heavily polluted days 
was 5.5 times than those under fine days.
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FIGURE 7 

Mass concentrations variation of NO3
-, SO4

2- and NO3
-/SO4

2- under the different air quality grades 
 

 
FIGURE 8 

 Variation of the mass concentration of OC, EC and OC/EC in different air quality grades 
 

The mass concentration of EC increased slowly from 
the fine days to the heavily polluted days, and an 
obvious increase was shown in the severely polluted 
days. The ratio of OC/EC were greater than 2.3 under 
different air quality grades, showing an increase of 
lineation from 2.3 under the fine days to 4.5 under the 
heavily polluted days. After that, the ratio declined to 
2.6 under the severely polluted days. It is indicated that 
there were secondary carbon pollution under different 
air quality grades in Handan city, and with the 
deterioration of air quality grades, the source of EC and 
OC in the atmosphere of Handan was mainly 
influenced by coal combustion and vehicle exhaust 
collectively. 
 

Characteristics of enrichment factor of 
inorganic elements. In order to further understand the 
characteristics of pollution and sources variation of 
inorganic elements in PM2.5, enrichment factor method 
were used to study the process of enrichment of 
inorganic elements in PM2.5 [23]. The man-made 
sources and natural sources of the pollution elements 
in atmospheric particulate matter were distinguished 
by the degree of enrichment of each element in PM2.5. 
This method eliminated the sampling effect in the 
process of wind speed, wind direction, distance from 
the pollution source and sample quantity variable 
factors, so it was more reliable than judging sources of 
various chemical elements in atmospheric particulates 
by the absolute concentration [24]. 
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A stable crustal element, high abundance and less 
anthropogenic pollution in general, R, was selected as 
reference element when calculating the enrichment 
factor of each element in PM2.5. Different reference 
elements result in different enrichment factors, and 
reflect the different pollution information. This study 
selected Ti as the reference element [25]. The formula 
of enrichment factor is as follows: 

 

        1  

where EFi is the enrichment factor of the ith 
element; Ci is the concentration of the ith element; Cr 
is the concentration of the reference element selected; 
P is in aerosol and R is in reference material. When 
EF<10, the main source of the element in PM2.5 is 
regarded as derived from the earth's crust or soil. While 
EF>10 indicates the elements in atmospheric samples 
enriched, the element is both influenced by crustal 
material and anthropogenic pollution sources [26]. At 
the same time, the larger EF is, the more serious 
anthropogenic pollution is. 

The average background value of the main soil 
types (a layer soil) in Hebei province was regarded as 
the reference system [27] in this study to calculate the 
enrichment factors of each element in PM2.5 under 
different air quality grades in Handan city in 2013. The 
result is shown in (Fig. 9). The enrichment factors of 
each element in PM2.5 varied widely, which can be 
roughly divided into two classes: the first class include 
V, Cr, Mn, Sr, Ba, K, Ca, Fe, and Rb, and their average 
enrichment factors were 3.7, 7.4, 7.9, 3.3, 5.1, 3.6, 4.0, 
2.5 and 3.2, which were all less than 10, suggesting that 
these elements were mainly derived from the soil and 
other natural source. The second class included Co, Cu, 

As, Zn, Sb, Pb and Br, and their average enrichment 
factors were 26.2, 70.4, 237.5, 336.4, 443.5, 770.4, and 
790.8, far greater than 10, even more than 100, 
suggesting that these elements are mainly influenced 
by anthropogenic emissions. As shown in (Fig. 9), with 
the deterioration of air quality grades, the two types of 
the elements enrichment factors showed the different 
variations. EF of the elements from crustal sources 
were not increased along with air quality grades except 
in severely polluted days. While EF of anthropogenic 
elements (except Sb) increasing with the deterioration 
of air quality degrees, especially in the severely 
polluted days. The enrichment factors of 
anthropogenic elements in severely polluted days were 
4.0-11.9 times those of in fine days. Thus it 
demonstrated that the EF of all elements were rising 
obviously in severely days, and the EF of 
anthropogenic elements were elevated consistent with 
the increasing of AQI, while the elements from crustal 
sources were not observed the same growth. In 
addition, it is worth noting that the EF of most elements 
were not the lowest, while the minimum value 
appeared under the fine days. The result also showed 
that better air quality grades will not always lead to less 
pollutants by anthropogenic pollution. 

 
 

CONCLUSIONS 
 
The average annual concentration of PM2.5 was 

139  m-3 in Handan city in 2013, which was about 4 
times of the national Grade II standard, and the 
percentages of the number of the days exceeding the 
national Grade II air quality standard (GB3095-2012)  

FIGURE 9 
 Enrichment factors of each element in PM2.5 under different air quality grades 
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were 74.4%. The most polluted months were 
January and December, while the air pollution of 
August was the lightest. There were no excellent days, 
and moderate to severe polluted days accounted for 50% 
throughout the year. 

With the increasing of air quality grades, the mass 
concentration of PM2.5 was elevated to show a 
generally increasing trend of the AQI, and the mass 
concentration of most chemical composition were 
dramatically increased in the severely polluted days 
except for a few elements. The mass concentrations of 
EC and OM in severely polluted days were 
approximately 5.9 and 5.5 times those of fine days. 

NO3
-/SO4

2- and OC/EC ratio increased with the 
deterioration of air quality, and peaked in moderately 
and heavily polluted days respectively, and slightly fall 
down under the severely polluted days.  

The enrichment factors of all elements had 
different degree of increase when air quality 
deteriorate, and the EF of anthropogenic elements were 
elevated consistent with the increasing AQI, while the 
elements from crustal sources were relatively stable 
under different air quality grades. 
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ABSTRACT 

This study is focused on optimization of 
preconcentration procedure of trace amounts of 
platinum group metals (PGMs) by solid phase 
extraction. Amberlite polystyrene-divinylbezene 
based sorbent was used for this purpose. Under the 
optimizing process were optimize number of 
parameters such as pH value of sorption; type and 
concentration of complexing agent; concentration 
and type of cationic surfactant; type, pH, and volume 
of eluent mixture; acidity of final solution and 
various interfering influences (presence of various 
ions, matrix effects). Ammonium-
pyrrolidindithiocarbamate, thiourea, 4-(2-
pyridylazo) resorcinol and 8-hydroxyquinoline-5-
sulfonic acid were used as complexing agents for 
PGMs. Sorbent was conditioned using cationic 
surfactant solution. Benzyldimethyltetradecyl 
ammonium chloride, N- -carbethoxypentadecyl)-
trimethyl ammonium bromide and 
benzyldimethyldodecyl ammonium bromide were 
tested. Mixture of acetonitrile and HCl was proved 
as eluent. The influences of various concentrations 
of hydrochloric acid during the complexation, 
elution and partial evaporation of the eluent prior the 
determination were tested. Effects of various 
elements and ions were studied during the sorption 
and retention on the above mentioned sorbent. 
Simultaneous determination of PGMs was 
performed by ICP-MS spectrometer using helium 
collision cell and internal standard. Detection limits 
for individual elements at discussed conditions were 
evaluated. The optimized method of solid phase 
extraction was applied to spiked real water samples 
and lichens for testing influences of matrix and 
efficient of sorption process. It was discovered that 
recovery ratio of sorption process is diverse for 
individual studied elements. Acceptable results was 
achieved for Platinum and Palladium which showed 
recovery ratio about 100 % and 95 % for Osmium. 

 
 

KEYWORDS: 
Platinum group metals, preconcentration, separation, 
cationic surfactant, lichens, ICP-MS 

 
 

INTRODUCTION 

The problems of determination of platinum 
group metals in environmental samples is very 
topical because of the concentration of PGMs in the 
environment currently constantly increasing as a 
result of increasing intensity of car transport. 
Especially, monitoring of platinum, rhodium and 
palladium is important because these metals are 
widely used as catalysts in many branches of 
industry and primarily as catalytic converters in cars 
[1]. In this way, the platinum metals get into all 
environmental media, such as air, airborne dust, 
water, soil and biological materials [2]. Elevated 
levels of platinum group metals in these samples 
were detected only near the busy roads, but also in 
remote areas with no car traffic [3-5]. 

Moreover, the use of a number of platinum (II) 
complexes in medicine against various kinds of 
cancer has to be mentioned [1, 6-8]. 

However, the concentrations of these elements 
in the environment are still very low and they are 
difficult to detect even using modern analytical 
methods such as atomic absorption spectrometry 
with electrothermal atomization (ET-AAS), atomic 
emission spectrometry with inductively coupled 
plasma (ICP-OES) or mass spectrometry with 
inductively coupled plasma (ICP-MS) [9].  

The point of analytical determination of PGMs 
in samples originating from the environment lies 
mainly on enrichment and removal of interfering 
influences of matrix. For this purposes, 
preconcentration and separation process of trace 
elements prior to the analysis is necessary. Solid 
phase extraction (SPE) is currently one of the most 
widely used and effective method of pre-analytical 
preparation of environmental samples [10, 11]. Low 
time and financial demands, regeneration of sorbent, 
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low consumption of organic solvents including 
lower production of waste, achieving of high 
preconcentration factor and removal of a large 
number of matrix belong between the major 
advantages of this method. 

This paper is focused on optimizing of 
preconcentration procedure of PGMs using modified 
sorbent Amberlite XAD (Strata SDB-L, 
Phenomenex) and their determination by ICP-MS. 
Optimized preconcentration procedure was applied 
to real water samples and lichens. 

 
 

MATERIALS AND METHODS 

Instrumentation. An ICP-MS spectrometer 
Agilent 7500ce (Tokyo, Japan) equipped with 
concentric silica nebulizer MicroMist with a double 
pass Scott-type spray chamber (cooled at +2 °C) was 
used for analysis. The ICP-MS spectrometer 
contains an octapole collision-reaction cell, 
quadrupole analyser and electron multiplier detector 
which worked in pulse/analogous mode. Other 
conditions and setting parameters of measurement 
(ICP-MS) are mentioned in Table 1. The tuning 

solutions were adjusted to achieve optimal 
signal stability, low background and low signal of 
double charged ions, in normal mode.  The ion lenses 
of the spectrometer were optimized prior to each 
analysis. Polyatomic interferences from the matrix of 
samples were removed using the octapole collision 
cell in the helium mode. For monitoring of matrix 
influence was used internal standard solution which 
contained mixture of In, Re and Bi in 1% HCl. The 
instrumental limits of detection (LOD) were based 
on the 3  definition 12  and were evaluated from 10 
measurements of the blank solutions. These LOD 
values (in g L-1) were observed for Ru-0.0184, Rh-
0.0025, Pd-0.1177, Os-0.0387, Ir-0.0092 and Pt-
0.0084. 

 
Reagent and solutions. A multi element 

standard stock solution contained 100 ± 0.002 mg L-

1 platinum group metals in the form of 
chlorocomplexes in 15% HCl (Analytika, Prague, 
Czech Republic).  

The tuning solutions for ICP-MS contains 1 μg 
L-1 of Ce3+, Li+, Y3+ and Tl+ in 2% HNO3 originated 
by Agilent, HPST s.r.o., Prague, Czech Republic.  

 
TABLE 1 

Setting parameters on ICP-MS. 
 

Parameter Value 
Acquisition parameters  

Analytes 99Ru, 101Ru, 103Rh, 105Pd, 188Os, 189Os, 191Ir, 193Ir, 194Pt, 195Pt 
Internal standards 115In, 185Re, 209Bi 
Integration times 0.5 s (analytes), 0.3 (ISTD 5x repetition/sample) 

Sample introduction  
Nebulizer MicroMist 

Spray chamber Scott double pass 
Temperature in spray chamber 2 °C 

Sample intake 0.4 mL min-1 (sample), 0.125 mL min-1 (internal standards) 
Inductively coupled plasma  

RF power 1500 W 
Plasma gas (Ar) 15 L min-1 
Sampling depth 8 mm 

Carrier gas 0.75 mL min-1 
Make up gas 0.25 mL min-1 

Ion optics  
Extract 1 Typically 1 - 4 V 
Extract 2 Typically (-130)  (-180) V 

Omega bias-ce Typically (-16)  (-30) V 
Omega lens-ce Typically 1 - 3 V 
Collision cell  
Cell entrance -30 V 

Cell exit -50 V 
OctP RF 200 V 

OctP Bias -19 V 
Collision gas flow (He) 5.5 mL min-1 

Quadrupole  
QP focus -10 V 
QP Bias -15 V 
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Solutions of internal standard (100 μg L-1 115In, 
185Re and 209Bi in 1% HCl) were prepared from 
standard solution 1 mg L-1 (Analytika, Prague, Czech 
Republic) by dilution.  

Acidity of all solutions was adjusted by anal 
pure HCl (Analytika, Prague, Czech Republic). 

Solutions of cationic surfactants and 
complexing agents were prepared by weigh out and 
dissolving of accurate amount in deionized water. N-

-carbethoxypentadecyl) trimethylammonium 
bromide C21H44O2NBr (Septonex ) (GNB a.s., 
Czech Republic), 
benzyldimethyltetradecylammonium chloride 
C23H42NCl (Zephyramine ) and benzyldimethyl-
dodecylammonium bromide C21H38NBr (Ajatin ) 
(both Sigma Aldrich, Steinheim, Germany) were 
tested as cationic surfactants. Ammonium-
pyrrolidindithiocarbamate (APDC), thiourea (TU), 
4-(2-pyridylazo) resorcinol (PAR) and 8-
hydroxyquinoline-5-sulfonic acid (8-HQS) (all 
Sigma Aldrich, Steinheim, Germany) were used as 
complexing agents for PGMs.  

The other used chemicals and solvents were all 
of analytical grade purity.   

Modified sorbent Strata SDB-L in original 
columns (500 mg per 3 mL of column volume) by 
Phenomenex, Torrance, California, USA, has 
particle size 55 μm. 

 
Environmental samples. River and peat bog 

water samples and lichens (class Hypogymnia 
physodes) were collected in ational Park, 
Czech Republic. Water samples were filtered 
through the membrane filter Pragopor 6 
(Pragochema s.r.o., Czech Republic) with pore size 
0.40 μm, prior to the analysis.  

Samples of lichens were dried, grinded and 
decomposed by microwave assisted digestion in 
presence of aqua regia (HCl:HNO3 3:1). Conditions 
of microwave digestion in Milestone 
Digestion/drying mls 1200 (Milestone) equipped 
with six Teflon cartridges consisted of five steps 
were 200W for 2 min, 400 W for 2 min, 0 W for 5 
min and 600 W for 10 min. Finally, it was set to 20 
min cooling. After digestion and cooling the residue 
was filtered with the paper filter No. 0.025, collected 
in a volumetric flask and made up to 50 mL. 

 
SPE arrangement. During sorption process 

solution was simultaneously pumped through 
repeatedly used plastic cartridge columns placed in a 
water-pump-operated vacuum solid phase extraction 
column processor Baker SPE-12G (J.T. Baker).  

A peristaltic pump PCD 82.4 K 
Czech Republic) was equipped with four positions 
for 3 mm silicone tubing to connect the cartridges 
and operated with an optimized solution flow rate of 
1 mL min-1.  

An electric hot plate (Altec s.r.o., Czech 
Republic) served for evaporation of the eluate with 

organic solvent before ICP-MS determination. 
 
Sorption and elution procedures on 

Amberlite  Strata SDB-L. Cartridges with the 
sorbents were first  washed with 10 mL of 96% 
ethanol and then conditioned with 10 mL of cationic 
surfactant solution or complexation agent with 
selected concentration. Optimization studies were 
tested with 50 mL of sorption solution containing 10 

g L-1 of PGMs. After sorption followed elution of 
PGMs with 10 mL of organic solvent or organic 
solvent in the presence of 1 mol L-1 HCl.  The organic 
solvent was then evaporated from elution solution on 
electric hot plate and residue was supplemented to a 
10 mL volumetric flask by 1 mol L-1 HCl. The 
enrichment factor was 5. For optimization of 
preconcentration were simultaneously sorbed four 
parallel solutions under the same conditions. 
Resulting values of recoveries were averaged and 
relative standard deviation of recovery was 
calculated. All results of recoveries are given in % of 
recoveries and were compared to five times the 
signal of intensity of a reference sample (solution 
with 10 g L-1 of PGMs in 0.1 mol L-1 HCl). 

 
 

RESULTS AND DISCUSSION 
 
Optimization of sorption. For the 

optimization purposes, the influences of pre-
treatment of column (conditioning of sorbent) by 
complexing agents or surfactants, combination of 
complexing agents with surfactants, concentration of 
complexing agents in sorbed solutions, acidity of 
sorbed solutions and influence of surfactant 
concentration in conditioning solution were studied. 

Pre-treatment of SDB-L sorbent was performed 
using conditioning by various complexing agents, 
such as ammoniumpyrrolidindithiocarbamate 
(APDC), thiourea (TU), 4-(2-pyridylazo)resorcinol 
(PAR) and 8-hydroxyquinoline-5-sulfonic acid (8-
HQS) or by using various cationic surfactants: 
benzyldimethyltetradecylammonium chloride 
(Zephyramine ), N- -
karbethoxypentadecyl)trimethylammonium bromide 
(Septonex ) and benzyldimethyl-
dodecylammonium bromide (Ajatin ). The results 
are shown in Table number 2. Among them, it is 
evident that conditioning of the sorbent using 
complexing agents is not appropriate. In contrast 
conditioning by cationic surfactant can be 
advantageously used. 

Because the sorbent conditioning by 
complexing agent prior to the sorption of platinum 
group metals was not successful, was tested by 
conditioning with cationic surfactant and in the 
presence of complexing agents in sorbed solution. 
They were all tested combinations of cationic 
surfactants and agents. Sorption was carried out 
under similar conditions as described below the 
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Table 2. All results are shown in Table 3. As is 
evident from the above results, it seems most 
appropriate combination Septonex  and 4-(2-
pyridylazo)resorcinol (PAR). In this system, the 
recovery of sorption was about 100% both for 
platinum, palladium and osmium. This system was 
used for further optimization tests of sorption 
efficiency of platinum group metal sorbed on SDB-
L. 

The next step was to determine the optimal 
concentration of reagent PAR. Tested concentrations 
2.5.10-6, 5.10-6, 1.10-5 and 2.5.10-5 mol L-1 of PAR 
showed that the best results of sorption efficiency 
was achieved at 1.10-5 mol L-1 concentration. This 
amount of agent was used in the next experiments. 

One of the other tested parameters during 
optimization process was an acidity of sorbed 
solution. Sorption of 50 mL with 10 g L-1 of PGMs 

and 1.10-5 mol L-1 PAR in 0.1 mol L-1 HCl was 
carried out under optimal sorbent pre-treatment by 
5.10-3 mol L-1 Septonex  and followed elution by 
acetonitrile with 1 mol L-1 HCl (4:1). Average 
recoveries show that under high pH (5-7) occurred to 
increasing sorption efficiency only for Rh and Ir. For 
platinum, palladium and osmium seems to be the 
best lower pH. As optimal acidity was selected pH 1 
(caused by the presence of 0.1 mol L-1 HCl) in order 
to avoid adsorption of platinum group metal 
complexes on the volumetric flask wall at higher pH 
values. At pH 1 was achieved return sorption for Pt, 
Pd and Os, exceeding 95%.All other measurements 
are therefore carried out under conditions of pH 1. 

To determine optimal concentration of 
surfactant were tested various concentrations of 
Septonex , results are viewed in Table 4. The  

       
TABLE 2 

Sorption efficiency (%) for various pre-treatment of the sorbent. 
 Ru Rh Pd Os Ir Pt 
Conditions 1 
APDCa 

 
2.7 0.8 

 
0.6 0.04 

 
25.8 1.6 

 
83.6 2.8 

 
6.9 0.7 

 
65.2 1.3 

TUb 2.5 0.2 0.2 0.01 96.8 1.8 85.6 1.3 6.1 0.8 48.8 1.7 
PARc 0.5 0.03 0.1 0.01 94.4 3.7 14.3 1.3 5.6 0.7 6.4 0.3 
8-HQSd 0.6 0.09 0.2 0.02 58.1 2.5 24.9 2.8 6.5 0.9 9.4 0.7 
Conditions 2 
Zephyramine  

 
44.5 1.99 

 
2.2 0.2 

 
98.6 2.1 

 
57.1 0.6 

 
60.5 1.2 

 
70.2 0.8 

Septonex  43.5 0.6 1.7 0.02 58.3 2.8 89.8 3.9 82.0 1.4 86.9 1.9 
Ajatin  42.3 1.6 1.4 0.03 96.7 1.9 29.8 0.5 64.4 0.4 55.9 0.2 

        a-Ammoniumpyrrolidindithiocarbamate, b-thiourea, c-4-(2-pyridylazo) resorcinol, d-8-hydroxyquinoline- 
     5- sulfonic acid. Conditions 1  conditioning of sorbent by 10 mL of 5.10-6 mol L-1 of agent in 0.1 mol L-1 

       HCl. Conditions 2 - conditioning of sorbent by 10 mL of 1.10-3 mol L-1 of cationic surfactant in 0.1 mol L-1 
    HCl. Followed sorption of 10 g L-1 of PGMs in 0.1 mol L-1 HCl, elution by 10 mL acetonitrile with 1 mol L-1 
    HCl (4:1). 
 

TABLE 3 
Sorption efficiency (%) for various pre-treatment of the sorbent by cationic surfactants  

and in the presence of complexing agents in sorbed solutions. 
 Ru Rh Pd Os Ir Pt 

Zephyramine  
APDCa 

 
43.5 1.3 

 
3.7 0.07 

 
24.8 0.2 

 
73.6 1.4 

 
46.2 1.4 

 
93.9 0.9 

TUb 42.5 0.8 2.3 0.1 61.3 3.4 95.4 0.9 57.0 1.0 91.2 0.7 
PARc 41.6 1.2 1.9 0.1 88.0 4.6 71.0 0.6 48.5 0.7 86.5 0.9 
8-HQSd 44.7 1.7 1.8 0.1 78.6 3.4 58.9 0.6 72.9 1.0 84.6 0.8 
Septonex  
APDCa 

 
44.9 1.3 

 
1.6 0.08 

 
19.3 0.4 

 
91.4 1.0 

 
36.5 2.2 

 
98.9 1.8 

TUb 42.2 1.8 1.1 0.04 97.9 2.7 73.8 1.0 29.6 1.2 57.8 1.6 
PARc 41.4 1.3 1.1 0.04 99.4 2.9 96.9 3.1 42.5 1.0 99.4 1.7 
8-HQSd 40.4 1.6 1.1 0.09 98.1 4.4 62.4 1.5 24.0 0.4 88.2 1.8 
Ajatin  
APDCa 

 
40.8 0.7 

 
1.8 0.04 

 
7.8 1.2 

 
52.1 4.8 

 
40.9 0.6 

 
77.3 0.7 

TUb 39.8 0.3 1.6 0.05 31.9 3.9 10.2 1.7 51.6 0.6 25.6 0.7 
PARc 43.1 0.5 1.7 0.05 80.0 2.5 18.0 0.6 51.7 1.1 40.5 1.6 
8-HQSd 37.1 2.0 1.4 0.2 36.0 2.4 8.8 2.4 62.0 3.6 33.7 1.4 

a-Ammoniumpyrrolidindithiocarbamate, b-thiourea, c-4-(2-pyridylazo) resorcinol, d-8-hydroxyquinoline 
-5-sulfonic acid. See conditions of sorptions under Table 2. 
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sorption conditions were following: conditioning of 
SDB-L sorbent by 10 mL of 1.10-4, 5.10-4, 1.10-3 or 
5.10-3 mol L-1 Septonex   in the presence of 0.1 mol 
L-1 HCl, sorption of 50 mL solution with 10 g L-1 of 
PGMs in 0.1 mol L-1 HCl in the presence of 5.10-6 
mol L-1 4-(2-pyridylazo) resorcinol (PAR). Elution 
was performed using 10 mL of mixture with 
acetonitrile and 1 mol L-1 HCl (4:1). The tested 
Septonex  concentrations showed that increasing 
concentrations increases the sorption efficiency. The 
concentration 5.10-3 mol L-1 this cationic surfactant 
Septonex  seems to be the best concentration. 
Higher concentrations were not tested because of 
possible contamination ICP-MS instrument., 

 
Optimization of elution. To determine the 

optimal elution efficiency were tested by series of 
eluents. The sorption was carried out under the 
following conditions: conditioning of sorbent by 10 
mL of 5.10-3 mol L-1 Septonex  in 0.1 mol L-1 HCl, 
sorption of 50 mL solution with 10 g L-1 of PGMs 
in 0.1 mol L-1 HCl in the presence of 5.10-6 mol L-1 

4-(2-pyridylazo) resorcinol (PAR). For elution was 
always used 10 mL of solution, presented in Table 5. 

The most suitable eluent was mixture of 

acetonitrile and 1 mol L-1 HCl in the ratio 4:1 
because of almost 100% recoveries for platinum (IV) 
and palladium (II).   

After finding the optimal eluent mixture was 
also examined in detail the elution volume for the 
quantitative elution of the adsorbed platinum group 
metal complexes. The conditions of sorption were: 
conditioning of sorbent by 10 mL of 5.10-3 mol L-1 

Septonex  in 0.1 mol L-1 HCl, sorption of 50 mL 
solution with 10 g L-1 of PGMs in 0.1 mol L-1 HCl 
in the presence of 1.10-5 mol L-1 4-(2-pyridylazo) 
resorcinol (PAR). For elution was used 10 mL of 
solution mixture of acetonitrile: 1 mol L-1 HCl (4:1) 
(see Table 5). To determine the elution curve was 
collected a total of 10 mL of elution mixture for each 
milliliter of separately. Thereafter, the individual 
fractions of the eluate were prepared similarly as 
above (evaporated on a hot plate and transfer to the 
10 mL volumetric flasks). From the elution curve 
shown in Figure 1 is seen that the quantitative elution 
for all intercepted platinum group metal complexes 
occurs during the first five milliliters. For 
quantitative elution is recommended twice the 
amount of eluate, meaning 10 mL. This elution 
volume was used during each sorption.    

 
TABLE 4 

The effect of different Septonex  concentrations on average recoveries (%). 
concentrationa Ru Rh Pd Os Ir Pt 
1.10-4 8.0 0.5 0.2 0.03 63.8 1.7 51.4 1.6 13.2 0.5 52.5 1.9 
5.10-4 32.1 0.6 0.6 0.02 89.5 2.1 64.1 1.0 17.3 0.4 82.6 2.0 
1.10-3 38.1 1.7 0.7 0.08 98.6 3.0 71.3 0.8 18.5 0.4 97.4 0.5 
5.10-3 43.2 0.8 2.5 0.6 99.9 1.5 73.5 0.2 46.6 4.1 101.7 1.8 

a Concentration (mol L-1) of Septonex  in conditioning solution 
 

TABLE 5 
Average recoveries (%) PGMs after elution by various solvents. 

eluent Ru Rh Pd Os Ir Pt 
ETa 39.0 0.8 0.8 0.1 44.7 0.7 87.0 1.9 24.4 0.4 66.9 1.9 
ACb 43.0 0.7 0.9 0.09 95.5 2.7 76.4 1.2 19.5 1.2 80.2 1.3 
ACNc 35.7 0.5 0.9 0.09 71.0 1.7 95.9 2.9 21.6 0.4 78.6 0.5 
ET:AC (1:1)  36.2 0.2 0.6 0.07 77.4 1.3 55.6 0.7 16.2 0.2 73.2 1.3 
ET:ACN (1:1)  38.8 0.6 0.9 0.1 76.0 2.8 43.7 1.5 12.3 0.8 72.5 0.8 
AC:ACN (1:1) 41.7 0.9 0.8 0.08 93.9 2.6 71.1 2.5 13.5 1.4 89.0 1.4 
ET:HCld (4:1)  42.7 1.1 1.4 0.2 58.7 1.9 68.4 1.7 21.5 1.4 94.3 1.8 
AC:HCl (4:1)  40.4 0.3 1.3 0.3 89.5 2.4 66.3 0.9 43.3 1.2 99.4 0.9 
ACN:HCl (4:1) 40.0 0.3 1.0 0.1 99.8 0.4 93.3 1.2 32.0 1.7 99.0 0.6 
ET:AC:HCl (2:2:1) 41.9 0.3 1.1 0.1 83.5 1.2 67.9 1.4 28.8 0.1 98.8 1.7 
ET:ACN:HCl 
(2:2:1) 

45.4 0.9 1.1 0.06 88.2 2.4 68.1 1.3 30.1 1.7 100.6 2.5 

AC:ACN:HCl 
(2:2:1) 

45.4 0.8 1.2 0.09 89.8 1.9 69.0 1.1 33.2 0.6 98.8 1.7 

a ET absolute ethanol, b AC acetone (concentrated), c ACN acetonitrile (concentrated), d hydrochloric 
acid with concentration 1 mol L-1. 
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FIGURE 1 

Elution curves for all platinum group metals. 
 
Effect of foreign ions. The effect of various 

concentrations of selected cations, anions and their 
mixtures to the sorption efficiency of the platinum 
group metals was studied. The sorption was carried 
out under optimal conditions. Selected individual 
ions were Na+, K+, Ca2+, Mg2+, Al3+, Fe3+, Cl-, NO3

-, 
SO4

2-, PO4
3-and CO3

2-. To the amount of platinum 
group metals in sorbed solution were calculated 
excess of interfering ions 1:100, 1:1000, 1:2500 and 
1:10000, which corresponds to the range 
concentrations 1.10-5, 1.10-4, 2.5.10-4 and 1.10-3 mol 
L-1 of ions. Also tested were mixed standard 
solutions containing Al3+, Ba2+, Ca2+, Cd2+, Co2+, 
Cr3+, Cu2+, Fe2+, Mg2+, Mn2+, Na+, Ni2+, Pb2+, Ti4+, 
Zn2+ and mixture of anions, such as Br-, Cl-, F-, NO3

-

, SO4
2-, PO4

3-and SO4
2- both in the excess 1:100 and 

1:1000 against to platinum group metal 
concentrations. 

No interference was observed for platinum and 
palladium in all tested conditions in the presence of 
various ions or their combinations. Only osmium 
showed reduce sorption efficiency to 60% and the 
other platinum group metals recoveries remained 
unchanged.  

 
Real samples of water and lichens. This 

sorption system was developed for the analysis of 
real samples from the environment. There were 
tested three types of real samples  river water, peat 

bog water and lichens (class Hypogymnia physodes). 
In these samples, we unexpected the presence of 
platinum group metals because of their origin from 

 in Czech Republic. They 
have been used as a real matrix for verifying the 
effectiveness of the sorption of platinum group 
metals for the analysis of real samples, under real 
conditions.  

The samples of water and lichens were treated 
as described in section 2.3. After this, sorption under 
optimized conditions was applied conditioning of 
SDB-L in plastic cartridge sorbent by 10 mL of 5.10-

3 mol L-1 of Septonex  in 0.1 mol L-1 HCl, sorption 
of 50 mL real sample solution with 10 g L-1 of 
PGMs in 0.1 mol L-1 HCl in the presence of 1.10-5 
mol L-1 4-(2-pyridylazo) resorcinol (PAR). For 
elution was used 10 mL of solution mixture of 
acetonitrile : 1 mol L-1 HCl (4:1). The recovery 
results demonstrate that the matrix of real samples no 
affects the success of the SPE and the process may 
therefore be used for their analysis regard to the 
content of platinum metals. 

After finding no matrix effect of lichens on 
recoveries of sorption for platinum group metals, the 
samples of lichens Hypogymnia physodes were 
exposed to the exhaust gases near the busy road in 
the city of Brno. Traffic frequency of this road is 
average about 16,000 vehicles per 24 hours.

 
 

TABLE 6 
The contents of platinum group metals (μg kg-1) in lichen samples. 

Samples Ru Rh Pd Os Ir Pt 
Exposed lichens1  LOD  LOD  LOD  LOD 721.4 187.9 
Exposed lichens2 168.9  LOD 397.1 1534.5 748.9 246.0 

    1 Direct determination by ICP-MS, 2 ICP-MS determination after SPE on SDB-L sorbent. 
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Samples of lichens were installed in strainers (about 
10 g) using the dry bag technique and placed on the 
crash barrier. The time exposure of these samples 
was three months. After this the samples were 
collected, weighted 0.25 g of lichens and pre-treated 
as described in section 2.3. Than followed the 
sorption on SDB-L sorbent under optimized 
conditions. The quantity of determined platinum 
group metals in sample of blank and in exposed 
samples were shown in Table 6. For comparison is 
shown the direct determination (1) of platinum group 
metals in pre-treated samples and determination 
which preceded the solid phase extraction (2) for 
separation of matrix effect and preconcentration of 
determined metals. This experiment, preceded by the 
determination of blanks, that was determination of 
uncontaminated samples of lichens by direct 
measurement and determination after the sorption 
procedure. All measured values of blanks lying 
below the detection limits for platinum group metals. 
 
 
CONCLUSIONS 

 
The preconcentration technique SPE of 

platinum group metals on Amberlite polystyrene-
divinylbezene based sorbent (Strata SDB-L) was 
optimized. There were tested conditions for pre-
treatment of sorbent, conditioning, conditions for the 
sorption process and was found optimal elution. The 
optimum for the sorption of platinum group metals 
appears following: conditioning of sorbent by 10 mL 
of 5.10-3 mol L-1 Septonex  in 0.1 mol L-1 HCl, 
sorption of 50 mL solution with 10 g L-1 of PGMs 
in 0.1 mol L-1 HCl in the presence of 1.10-5 mol L-1 

4-(2-pyridylazo) resorcinol (PAR). For elution with 
success was used 10 mL of solution mixture of 
acetonitrile: 1 mol L-1 HCl (4:1). Under these 
conditions 100% recoveries has been achieved for 
platinum, palladium and osmium. The sorption 
efficiency for ruthenium and iridium were about 
40% and rhodium is not possible preconcentrated by 
this method of SPE. 

In the analysis of real samples the matrix effect 
has been detected for river and peat bog water and 
for decomposed samples of lichens Hypogymnia 
physodes.  The samples of lichens Hypogymnia 
physodes were exposed to the exhaust gases near the 
busy road in the city of Brno, installed in strainers 
(about 10 g) using the dry bag technique and placed 
on the crash barrier. The time exposure of these 
samples was three months and following the 
application of optimized SPE method. During the 
direct determination only iridium and platinum were 
detected. After optimized SPE methods also the 
others platinum group metals were determined.  

Thus, this procedure can successfully be used 
for evaluating the content of the platinum group 
metals, especially Platinum and Palladium, in 
environmental samples.  
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ABSTRACT 

The control of the agricultural pests is crucial 
for commercial products. There is a growing interest 
for biological control of these pests and one of the 
most effective and safe biocontrol agents is 
Beauveria bassiana (Balsamo-Crivelli) Vuillemin, 
which is an entomopathogenic fungus. The soil 
environment is a significant resource for 
entomopathogenic fungi. In this study the diversity 
and distribution of entomopathogenic fungus  
Beauveria bassiana  (Bals.-Criv.) Vuill. was 
assessed throughout an extensive soil survey in 
Turkey carried out during 2013 and 2014. Soil 
samples from the seven regions of Turkey were taken 
and Beauveria spp. isolates were obtained from six 
of these regions, with 32 positive sites out of 150 
sites sampled. The isolates were identified as 
Beauveria bassiana based on phenotypic and 
molecular data. Beauveria bassiana was isolated 
from the European (Marmara) as well as the Asiatic 
peninsula (Anatolia) of Turkey.  

 
 

KEYWORDS: 
Beauveria bassiana, isolation, Galleria bait method, 
entomopathogenic fungus, data. 

 
 

INTRODUCTION 

Since 1980 there is a growing interest for 
biological control of pest insects [1-4]. Fungi are 
important biological control agents and among all 
the biological control agents of entomopathogenic 
fungi species, Beauveria bassiana (Balsamo-
Crivelli) Vuillemin which was firstly described 
about 178 years ago, has always been considered as 
a hotshot fungus that can be used for control of pest 
insects. The first review on the genus Beauveria was 
published by MacLeod, including a taxonomic 
revision of both Beauveria and Tritirachium. The 
study encompassed cultural and morphological 
characteristics of numerous Beauveria isolates and 
species [5]. This research was followed by the study 
of De Hoog, in 1972, in which the genus was 
restricted to three species: B. bassiana, B. 

brongniartii and B. alba. Humber and Domsch et al. 
presented advanced descriptions of Beauveria spp. in 
1997 and 1980 respectively [6  8]. The studies on 
phylogenetics of the genus Beauveria took place in 
in 2005 by Rehner & Buckley [9, 10]. Among all the 
studies interested in Beauveria spp. there are only a 
few about the genus in Turkey, one them belonging 
to Sevim et al. (2010) [11]. The aim this study is to 
determine the abundance, distribution and 
identification of entomopathogenic fungus 
Beauveria spp. 

 
 

MATERIALS AND METHODS 

Sampling sites and collection of soil samples. 
180 soil samples were collected from different 
sampling sites in Turkey during 2013-2014. Detailed 
information that is related to the soil sources for 
positive sites and isolates is given in Table 1. Within 
the given site, approximately three soil samples of 1 
kg each were taken and placed in polyethylene bags, 
sealed with an adhesive tape and transported to the 
laboratory. Each subsample of soil was obtained 
with a hand trowel from the upper 15-20 cm after 
removing the surface litter and after collecting of 
each soil sample, the hand trowel was immediately 
sterilized with 70% ethyl alcohol. 

 
Isolation of Beauveria bassiana. Isolates of 

Beauveria spp. were collected from soil samples 
using Galleria b  [12]. The wax moth, 
Galleria mellonella L. came from a continuously 
reared colony maintained at 24±2 0C. Approximately 
240 ml soil, dampened with distilled water was 
placed in 250 ml plastic container and five last instar 
larvae of Galleria mellonella (L.) were placed on the 
soil, and the container was covered with a perforated 
lid and inverted. According to a modified method 
used by Woodring and Kaya (1988), before the 
baiting procedure, wax mouth larvae were immersed 
in 55 0C water for 25-30 s to impede their ability to 
produce silk webbing in the soil [13]. During the 
fourteen days of baiting, the containers were daily 
stirred to ensure contact of spores to larvae. Soil 
samples were checked in every three days and dead 
larvae were removed and surface-sterilized in 1% 
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sodium hypochlorite for 2-3 min, then washed in 
sterile distilled water [14]. Then they were placed on 
damp filter paper within a sterile petri dish and 
incubated at 26±2 0C for 7 14 days [15]. After the 
incubation period, fungi were isolated from all larvae 
showing external mycelia growth on Sabouraud 
dextrose agar medium with 1% yeast extract (SDAY, 
Merck) to which 50 μg /ml chloramphenicol  and 1 
ml dodine ( l g dodine was dissolved in 10 ml 
distilled water ) were added to prevent bacterial and 
other fungal growth [16]. 

 
Identification of Beauveria bassiana. 

Phenotypic Identification.  Pure cultures of 
fungi on Oat Meal Agar without antibiotic were used 
for morphological identification. Colony 
morphology and spore shape of isolated fungal 
strains were used in the first identification process 
with a light microscope and initially identified 
according to the key described by Humber (1997) 
[7]. 

Molecular Studies. DNA isolation was made 

as previously described, with some modification 
(Liu et al, 2000) [17]. Genomic DNA was 
electrophoresed in an agarose gel and control of 
purity and concentrations were made as described by 
Olgun et al. [18]. 

ITS1- 5.8-ITS2 region (ITS) of the nuclear 
ribosomal DNA was amplified with ITS1 and ITS4 
universal primers [19]. 

The determination of the base sequences of the 
ITS region in our study were fulfilled in  Atlas 
Biotechnology Laboratory with Applied Biosystem 
Model 3130. The data obtained were evaluated with 
Finch TV (Blast) and Ap E programs.  Type 
determination was performed by examining the 
similarities through the comparison of nucleotide 
sequences on the web page of Gene Bank 
(http://www.ncbi.nlm.nih.gov/blast/Blast.cgi) open 
to the access of researchers.  Dendrograms were 
drawn with the MEGA 4.0 program.  

 
 

 
TABLE 1 

 Isolate numbers, GenBank accession numbers for the ITS1- 5.8-ITS2 region (ITS) of the nuclear 
ribosomal DNA and isolation details of the Beauveria bassiana strains 

Isolate name Accession numbers Isolation source-Location 
Ank1 KP862991 Grassland Soil-Ankara/Güdül 
Ank2 KP862973 Herbage Soil-Ankara/Karacaören A  
Ank3  KP862968 Grassland Soil-Ankara/Karacaören B 
AnkH3  KP862969 Agricultural field-Ankara/Haymana  
Ank4 KP862993 Undisturbed Soil-  
Ank5  KP862970 Agricultural field-  
Ank6 KP862994 Grassland Soil-  
Ank11  KP862971 Agricultural field-  
Ank13  KP862995 Agricultural field-  
Ank20  KP862977 Hayfield Soil-Ankara/Çubuk  
Aydinakbuk  KP862966 Agricultural field-  
Aydinsoke  KP862967 Agricultural field-  
Bb3  KP862992 Hayfield Soil-Kayseri 
Bb5H6  KP862978 Agricultural Field-  
Bb12 KP862979 Undisturbed Soil-  
Bb15 KP862974 Undisturbed Soil-  
Bb19 KP862975 Forest Soil-Artvin 
Bb20  KP862976 Hayfield Soil-Erzurum 
Bb69/3 KP862996 Hayfield Soil-Bayburt 
Den1 KP862984 Grassland Soil-Denizli  
Den2  KP862985 Agricultural field-Denizli/Tavas  
Istanbulcatalca KP862981 Hayfield Soil-  
Istanbuldilbileyen KP862980 Undisturbed Soil-  
Kizilder KP862983 Undisturbed Soil-  
Lul1 KP862965 Forest Soil-  
Lul2 KP862972 Sunflower Field-  
Lul5 KP862990 Grassland Soil-  
Mer019-20 KP862986 Pine Forest Soil-Mersin 
Sb1B KP862987 Poplar Planted Soil-Ankara/Beytepe1 
Sb2  KP862988 Poplar Planted Soil-Ankara/Beytepe2  
Sb4 KP862989 Undisturbed Soil-Ankara/Beytepe4  
Ordu  KP862982 Hazelnut Orchard Soil-Ordu  
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FIGURE 1 

Neighbour-joining tree generated by Mega 4.0 for ITS regions, including ITS1-5.8S-ITS2. The sequences 
of the isolates have been deposited in the GenBank, and their accession numbers are given in Table1.  
*Beauveria bassiana isolate EABb08_04Ep was identified by Landa et al. (2013) [20] and its accession 

number is KC753384J. 
 

 
RESULTS  

Isolates were obtained from six out of seven 
regions (except for southeast of Anatolia) of Turkey. 
A total of 32 soil isolates out of 150 soil samples was 
found positive for Beauveria spp (Table 1). 
Phenotypic examination was made according to 
Humber (1997) [7]. According to phenotypic 
identification, our isolates were defined as Beauveria 
bassiana.  

For the molecular analyses, the ITS region was 
amplified and sequenced. Phenotypic identification 
of our isolates was confirmed to be B. bassiana by 
molecular identification (Figure 1). 
 

DISCUSSION 

The aim of this study was to provide 
information about the diversity and abundance of 
entomopathogenic fungus Beauveria spp. Isolates 
were obtained from six out of seven regions (except 
for southeast of Anatolia) of Turkey, with 32 positive 
sites out of 150 sites sampled. Beauveria bassiana is 
found to be apparently one of the common occupants 
of soil and the isolates detected in this study were 
within the expected range based on previous studies 
performed using the Galleria bait method [16, 21, 
22].  

Among Beauveria sp., B. bassiana is the most 
widely distributed species. It is found both in 
temperate and tropical areas throughout the world [5, 
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8, 12]. According to Zimmerman (2007), habitats for 
B. bassiana range from an alpine soil, to heathland, 
peat bogs, soils with savannah type vegetation, forest 
and cultivated soils, sand blows and dunes and desert 
soil. Likewise, we found B. bassiana both 
agricultural and nonagricultural soils and in 
undisturbed soils of different region of Turkey 
(Table 1) [23]. 

Morphological criteria are generally used to 
identify and classify Beauveria spp. But identifiying 
fungi in species level correctly has major importance 
before doing any further experiment and is very 
difficult and sometimes impossible depending on 
only macro- and micromorphological data. 
Distinction between Beauveria species is 
troublesome, since there is comparatively large 
heterogenicity in B. bassiana species. The main 
difference between the most common species, B. 
bassiana and B. brogniartii, is the shape and size of 
conidia. While B. bassiana has mainly spherical 
conidia, the spores of B. brogniartii are more 
cylindrical. But it is shown that spore shape could 
alter after culturing. Acoounting these difficulties 
researches face with morphological identification, a 
number of molecular techniques were developed to 
assist correct species identification of Beauveria [16, 
24, 25]. It is stated that placing the fungi in separate 
phylogenetic clades or species based on molecular 
markers will provide much more information to their 
ecology in both managed and natural ecosystems 
than will traditional morphological characterization 
[26]. 

As for all the fungi, molecular genetic 
techniques have gain importance in solving the 
problems of taxonomy, identification, and genetic 
variation for entomopathogenic fungi in recent years. 
The discrimination of Beauveria species can be 
performed by the analysis of electrophoretically 
separated restriction enzyme-digested total genomic 
DNA. Combining these restriction fragment- length 
polymorphisms (RFLPs) with certain DNA probes 
can even determinate specimens at the strain level. 
In addition to that, random amplified polymorphic 
DNA (RAPD) analyses have been used to 
differentiate entomopathogenic fungal isolates [27]. 
These methods can distinguish accurately; however, 
for routine analyses, they are rather complex and 
time consuming, and require expensive materials and 
equipment. Moreover, these methods are difficult to 
apply routinely and require a lot of experience. 

Basic DNA-based approches such as 
Polimerase Chain Reaction (PCR), has transformed 
fungal taxonomy in species delimitation [25, 28]. 
Among all rapid methods in detecting microbial 
pathogens, PCR, which include steps such as, DNA 
extraction, PCR amplification and the detection of 
amplicons is one of the most sensitive. DNA 
extraction methods which were used in our study are 
rapid, easy-to-perform and do not require expensive 
chemicals such as zymolase. PCR assay we used is 

also rapid and easy to interpret.  Fragments 
containing the ITS1- 5.8-ITS2 region (ITS) of the 
nuclear ribosomal DNA that were amplified using 
primers ITS1 and ITS4 primers. 

For adressing the pylogenetics and 
identification of fungi, the nuclear rRNA cistron has 
been used for more than 20 years. The eukaryotic 
rRNA cistron includes 18S, 5.8S, and 28S rRNA 
genes transcribed as a unit by RNA polymerase I. 
The cistron is split by posttranscriptional processes, 
ends up in removing two internal transcribed 
spacers. These two spacers, including the 5.8S gene, 
are usually referred to as the Internal Transcribed 
Spacers or the ITS region. In phlygenetics the 18S 
nuclear ribosomal small subunit rRNA gene (SSU) 
is commonly used. Species are occasionally 
discriminated by only 28S nuclear ribosomal large 
subunit rRNA gene (LSU) or a combination of ITS 
with this gene. Exhibiting the barcode gap between 
inter- and intraspecific variation that can be most 
clearly identified, the internal transcribed spacer 
region is the ribosomal cistron region, which can, 
most probably, be successfully identified to have the 
broadest range of fungi [29]. 

In some fungi ITS can also be used for 
providing an indication of delimitation by a measure 
of the genetic distances. In terms of the 
discrimination of fungi species, ITS was generally 
predominant over LSU, in addition to having a 
barcode gap that could be identified more clearly. 
Schoch et al. recommended ITS to be the standard 
barcode for fungi in consideration of all these 
arguments [29]. 

Even though the universal barcode for Fungi 
ITS is widely used in taxonomic analysis [29, 30], 
sequencing of regions in the DNA are also 
increasingly being used to separate species based for 
putting together phylogenetic data sets. In our study 
the determination of the base sequences of the ITS 
region of the 32 isolates which were identified 
phenotypically as B. bassiana were fullfilled. 
Sequence data sets were explicit and can be 
deposited in on-line databases GenBank. Their 
accession numbers are given in Table 1. 
Dendrograms were drawn with the MEGA 4.0 
program.  

Through this way, phenotypical identification 
was confirmed by molecular identification. 
Beauveria bassiana was isolated from the European 
(Marmara) as well as the Asiatic peninsula 
(Anatolia) of Turkey.  
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ABSTRACT 
 

Near infrared spectroscopy (NIRS) combined 
with chemometrics has emerged as a prominent 
analytical technique for testing of food stuffs, 
agricultural products, pharmaceutical products, and 
a variety of other chemicals. In this paper, we have 
investigated the feasibility of using near infrared 
(NIR) absorption spectroscopy combined with 
pattern recognition to rapidly classify and identify a 
group of 101 liquid organic compounds, consisting 
of 25 alcohols, 14 carboxylic acids, 12 aldehydes, 
15 ketones and 35 esters (including 11 phthalate 
esters). A strategy of combining linear discriminant 
analysis (LDA) classifiers and principal component 
analysis (PCA) classifiers in a cascade structure 
was used to build the classification and 
identification models. The built models had a 
correct classification rate of 99.01% (100/101) and 
a correct identification rate of 96.04% (97/101) for 
the spectra of 101 organic compounds in the test 
set. These results demonstrate that NIR 
spectroscopy combined with pattern recognition is a 
promising method for the fast classification and 
identification of organic compounds.  
 
 
KEYWORDS:  
Near infrared spectroscopy, Organic compounds, Pattern 
recognition, LDA, PCA. 
 
 
INTRODUCTION 

 
The NIR region spans the wavelength range of 

780 2500 nm, in which absorption bands 
correspond mainly to overtones and combinations 
of fundamental vibrations [1]. The NIR spectrum of 
a sample provides information on the relative 
proportions of C-H, N-H, and O-H bonds, which 
are the primary structural components of organic 
molecules [2].  

Combined with chemometrics, NIRS provides 
a powerful set of tools for quantitative and 

qualitative modelling of foodstuffs [3], agricultural 
products [4], pharmaceutical products [5] and other 
chemicals. In recent years, the many advantages of 
NIRS such as its low cost, high speed of analysis, 
non-destructive nature [6] and non-requirement of 
pre-treatment have made it a popular analytical tool 
for a variety of testing applications. NIRS technique 
has been reported to find applications in the 
confirmation of origin and authenticity of European 
extra virgin olive oil samples and classification of 
Spanish extra virgin olive oils [3, 7], identification 
of edible oil and swill-cooked dirty oil [8], 
determination of fermentation process parameters 
of Chinese rice wine [9], classification of vinegar 
and lettuce [10, 11], determination the 
concentrations of lead and zinc in Chinese herbs 
[12], adulterant detection of milk powder [13], 
determination of the geographical origin of wheat 
[14], identification of pharmaceutical excipients 
[15], etc. Fundamentally, these applications are 
based on the combination of chemometrics and NIR 
spectra, which is produced by the organic 
compounds in these products.  

Among the various applications of NIRS, only 
a few are directly related to organic compounds, 
such as determination of alcohol and extract 
concentration in beer [16], quantitative analysis of 
glucose [6], quantification of glucose, fructose and 
sucrose in bayberry juice [17], and determination of 
chemical composition of complex mixtures of 
alcohols, acetone, acetonitrile, hydrocarbons and 
water [18]. However, to the best of our knowledge, 
no study has been reported on the application of 
NIRS to classify or identify organic compounds.  

The most popular modern tools for 
identification of organic compounds are mass 
spectrometry, nuclear magnetic resonance, 
chromatography, UV/Vis-spectroscopy, infrared 
spectroscopy, as well as certain combinations of 
these techniques. Compared with the traditional 
classical methods for identification of organic 
compounds, which depend on colour changes, 
solubility, and generation of by-products in some 
special reactions, these methods are accurate and 



© by PSP  Volume 25  No. 12/2016, pages 5186-5193  Fresenius Environmental Bulletin  

5187

 
FIGURE 1 

A schematic illustration of classification and identification of 101 organic chemicals 
 

 
reliable. While these techniques are extremely 
effective in qualitative analysis, there are still a few 
drawbacks, such as lengthy analysis times, high 
cost and requirement for trained operator.  

Therefore, there is a need for rapid and low-
cost techniques for the qualitative analysis of 
organic compounds, and one such promising 
method involves the combination of spectroscopy 
and pattern recognition. In this field, Lavine et al. 
have used NIRS and pattern recognition to classify 
carboxylic acids and non-carboxylic acids [19]. 
Even though the bands in the near infrared region 
often overlap [20], NIRS can still exploit 
meaningful information from the spectrum for 
qualitative analysis with the help of chemometrics.  

The object of this study is to develop a simple, 
fast, cost-effective and robust model to classify and 
identify liquid organic compounds. A group of 101 
chemicals, including alcohols, carboxylic acids, 
aldehydes, ketones and esters was chosen for model 
bui
chosen without any special criteria, just because 
they are representative, common, and easy to find 
in laboratories. The strategy of successively 
combining classifiers in a cascade structure was 
applied for the model building. In this process, the 
two most common pattern recognition methods, 
principal component analysis (PCA) and linear 
discriminant analysis (LDA), were applied. As 
shown in figure 1, spectra of chemicals were 
measured by a NIRQuest spectrometer at the first 
step. Then the classification and identification 
model was built to classify and identify the 101 
organic compounds with the help of pattern 
recognition.
 
 
MATERIALS AND METHODS 

 
Materials. A group of 101 organic chemicals, 

including 25 alcohols, 14 carboxylic acids, 12 
aldehydes, 15 ketones and 35 esters (11 phthalate 
esters included) were used in this paper. Some of 
the organic compounds were purchased from 

Aladdin Chemistry Co., Ltd. (Shanghai, China). 
The rest were obtained from Sinopharm Chemical 
Reagent Co., Ltd (Tianjin, China), Concord 
Technology Co., Ltd. (Tianjin, China) and Guangfu 
Technology Development Co., Ltd (Tianjin, 
China). All the chemicals were liquid and of 
analytical grade quality or higher. 

 
NIR spectral collecting. The NIR 

transmission spectra were collected on a NIRQuest 
spectrometer (Ocean Optics Co., Ltd) over a 
wavelength range of 900 to 1720 nm at 1.55-1.64 
nm intervals. Quartz cuvettes (Puxi optical 
instrument factory, Jiangsu, China) with a capacity 
of 0.7 mL and a path length of 2 mm were used. 
After testing each sample, the cuvette was washed 
using absolute ethyl alcohol and double-distilled 
water, and dried by an air compressor. 

During the experimental period, there were 
some variations in the ambient conditions 
(temperature and moisture level), cuvettes and 
instrument status, which led to a slight difference 
among various measurements on the spectra of the 
same organic compound. So, one measurement was 
regarded as one sample. Samples in training set 
were randomly measured in one month (ambient 
room temperature: 19-26 ºC). Each of the 101 
organic compounds was measured once, and 3 
replicates were obtained at each measurement. 
Thus, the training set has 101 samples and 303 
spectra. The spectra of 101 organic compounds in 
training set are shown in figure 2.  

To test the reliability and robustness of the 
model, the samples in test set were measured during 
a period of several months, during which the 
ambient room temperature varied from 18 to 31 ºC. 
The test set contained 210 samples and 4733 

spectrum of a sample is misclassified or 
misidentified, that sample will be regarded as 
misclassified or misidentified and the 
corresponding chemical will not be counted in the 
correct rate. 

 



© by PSP  Volume 25  No. 12/2016, pages 5186-5193  Fresenius Environmental Bulletin  

5188

1100 1300 1500 1700
0.0

0.4

0.8

0.0

0.4

0.8

0.0

0.4

0.8

0.0

0.4

0.8

0.0

0.4

0.8

  

Wavelength(nm)

 Esters

  

 Ketones

 

A
b

so
rb

an
ce

 Aldehydes

  

 Carboxylic acids

 

 

 

 Alcohols

 
FIGURE 2 

Spectra of 101 organic compounds in training 
set (after offset correction) 

 
 

enomic DNA was extracted with protocol and 
reagents followed by Sigma-Aldrich GenEluteTM 
Plant genomic DNA Mini-prep Kit. Total amount 
of DNA was quantified through Qubit® 2.0 
Fluorometer. Protocol fluorometer used  
Qubit buffer plus 1 Qubit reagent to prepare 
reaction buffer then 
buffer 10  of standard from kit followed by 199 

 of DNA sample 
quantified against standard. Nineteen primers 
table.1 (Thermo Scientific) were used for RAPD 
analysis; fourteen primers that produced clear and 
reproducible fragments were selected for further 
PCR reactions. The PCR reaction was performed 
with an initial denaturation steps one cycle of 15 
min at 94°C, followed by 44 cycles of 94°C for 1 
minute denaturation, 36°C for 1 minute annealing 
and 72°C for 2 minute extension followed by a final 
extension period of 5 minutes at 72°C PCR was 
allowed to ensure full extension of all implied 
products [24]. The amplifications were carried out 
in triplicate. PCR products and a 100-bp DNA 
ladder (Gene-On) were resolved electrophoretically 
in 1 
bromide , and run at 100V for about 1 hr. RAPD 
banding patterns were visualized using UVP gel 
documentation system. 

 
Statistical Analysis. Polymorphism was 

observed in RAPD profiles included disappearance 
of a normal band and appearance of a new band 
comparing all samples with RAPD profiles. 
Amplified bands were scored as 1 (presence) or 0 
(absence). Only strong bands were scored for 

analysis. The size and images of each 
amplification product were captured using the 
Vision Works LS Version 6.8 automatically 
estimated using a high resolution scan and 
digitalized images evaluated directly for RAPD 
analysis. The data was scored from the RAPD 
profiles through PAST version 3.08,  were 
subjected to UPGMA cluster analysis to establish 
the relationship among the eight accessions selected 
from the different areas [32]. Genetic similarity 
coefficient among the different localities of M. 
azedarach was estimated through [41] coefficient 
matrix.  The polymorphism percentage was 
estimated by dividing the number of polymorphic 
bands over the total number of amplified bands. 
Data pre-processing: Offset correction was firstly 
applied to correct for a parallel baseline shift [21], 
which may be caused by variations in ambient 
conditions during the measurements, slight 
differences of the path length and any contaminants 
in the cuvettes, etc. In this application, the average 
absorbance from the 26th to 92nd point in each 
spectrum was subtracted from every point in the 
spectrum independently (as defined by Eq. S1, 

 
A comparison between the spectra of ethanol 

which were measured on different dates, without 
any pre-processing and after offset correction 
showed that the baseline shift in the vertical 
direction was weakened, especially in the 
wavelength band of 900-1500 nm, resulting in a 
zero baseline at the beginning of the spectrum 

 
To reduce the size of the spectral data and 

remove the insignificant information, only the 
wavelength band of 1050-1700 nm of spectrum 
(after offset correction) was selected for model 
building. Another pre-processing method, such as 
the first derivative (direct difference) method 
combined with moving window smoothing (Eq. S2, 

was 
further applied after offset correction, when any 
classification problem occurred. 

 
Algorithms: The purpose of the classification 

model is to classify an unknown sample into one of 
the five categories, namely alcohols, carboxylic 
acids, aldehydes, ketones and esters. The 
identification model is also built to determine 
which category an unknown sample belongs to, and 
in this case there are 101 categories involved. Due 
to the large number of categories into which a 
sample may classified, one single classifier is not 
enough, especially for the identification model. So 
a strategy of successively combining classifiers in a 
cascade structure was applied for the model 
building, in an approach called the cascade 
classifier [22]. In this framework, the unknown 
sample will be classified by a sequence of 
classifiers until it is classified into a category, 
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which is typically the correct category for the 
sample. Algorithms applied in the process of model 
building were LDA and PCA, both of which have 
been widely used in the field of pattern recognition, 
such as face recognition [23, 24], handwriting 
recognition [25], and object detection [26].  

In the process of designing LDA and PCA 
classifiers, the training data (after pre-processing) is 
the input for the algorithms, and eigenvalues and 
eigenvectors are the outputs. As we want to 
perform the process of classification in 1-D space, 
only the eigenvector associated with the maximal 
eigenvalue of LDA is saved for classification, 
which will allow the classifier to achieve maximum 
separation among categories. In the case of PCA, 
depending on the actual results, the first principal 
component (PC1) or the second principal 
component (PC2) will be saved for classification. 
These vectors (eigenvector, PC1 or PC2) are called 
the optimal discriminant projection vector (ODPV) 
[24].  

The training data will be compressed after 
projecting onto the ODPV, and each sample of the 
training set will be represented as a score, which is 
given by TRS (score of sample in training set). The 
classification threshold (CT) is then determined by 
these TRS scores. Serving as the boundary of two 
classes, CT directly affects the classification error 
[28], which makes it important to define CT 
properly. In this paper, CT is defined as the average 
of the maximum TRS of the class with lower score 
on the whole and the minimum TRS of the other 
class. This computational method of CT is 

 
For an unknown sample to be classified, the 

pre-processing will be firstly applied to the raw 
spectrum of the sample. Then a score will be 
obtained from the projection of the data vector of 
spectrum onto ODPV of the classifier. The score of 
the unknown sample will be marked as TES (score 
of sample in test set). Meanwhile, the TES will be 
used for the classification by comparing with the 
CT of this classifier. In two-class cases, the 

 
 
Classification model: The classification 

model consisted of a four-layer cascade structure of 

stage of the cascade, a LDA classifier was trained 
to separate 25 kinds of alcohols from the 101 
organic compounds. The subsequent three LDA 
classifiers were also trained to separate out 
carboxylic acids, aldehydes, ketones and esters 
successively in the last three stages of the cascade. 
Meanwhile, the ODPV and CT values of each 
classifier were also saved in this training set. Thus, 
the cascade classifier for classification was built. 

The test set, which was sorted into a sequence 
of alcohols, carboxylic acids, aldehydes, ketones 
and esters, was used to test the classification model. 

The TESs at each stage were calculated after 
the spectral data in the test set were projected onto 
ODPV. Fig. 3 depicts the classification process of 
all the samples in test set. As shown in Fig. 3a, all 
samples of alcohols (the first 1447 black dots) in 
test set are positioned above the line of decision 
threshold along with samples of alcohols in training 
set, which indicate that all these 1447 spectra (67 

classification. The inset of Fig. 3a is the score plots 
of training set in the first stage of the cascade, 
which was actually a classifier of alcohols and non-
alcohols. As they have already been classified, 
these samples are not shown in the next figures. 
Figure 3b-3d describe the classification process of 
the samples of carboxylic acids, aldehydes and 
ketones in test set. 

In all, samples of alcohols, carboxylic acids, 
aldehydes and ketones in the test set had a correct 
classification rate of 100%, while many samples of 
esters were incorrectly classified as ketones. This 
may be caused by similar spectra of ketones and 
esters and the fact that the second classifier faces a 
more difficult task than the first in the cascade 
classifier [22]. Therefore, the first derivative 
method was applied after offset correction and 
moving window smoothing  to increase the 
differences in spectra between ketones and esters. 
Then, the fourth stage of the cascade classifier was 
rebuilt by LDA. 

The correct classification rate of samples of 
ketones and esters in test set increased from 66% 
(33/50) to 98% (49/50) after part of the 
classification model was rebuilt as described above.  

 
Identification model: Based on the 

classification model, we proceeded to build the 
identification model with LDA classifiers and PCA 
classifiers. The approach used contains both pre-
classification and final classification steps. 

Firstly, the classification model was embedded 
into the identification model. The samples in 
training set were initially classified into five 
categories. In the manual design procedure of 
cascade structure, cluster analysis was applied to 
divide each of the five categories into a few sub-
categories, and these sub-categories were further 
divided into even smaller sub-categories until only 
one sample was contained in all the sub-categories. 
It should be noted that the esters were grouped into 
phthalate esters and non-phthalate esters at the 

cluster analysis method, PCA played an important 
role in the pre-classification. PCA determined the 
number and members of classes that a sub-category 
will be divided into, which were important inputs 
for the supervised algorithm of LDA.  

Finally, the PCA and LDA classifiers were 
trained by the samples in training set to get ODPV 
and CT of each classifier, and the cascade classifier  
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FIGURE 3 

Score plots of samples in test set (black dots) and training set (colored dots) 
 

 
for identification of the 101 organic compounds 
was built. The test set was used again to validate 
the identification model. 
 
 
RESULTS 

 
The models we built displayed a correct 

classification rate of 99.01% (100/101) and a 
correct identification rate of 96.04% (97/101).  

The misidentification of the samples of 3-
hexanone can be attributed to the misclassification 
of the 3-hexanone samples. If the samples were not 
misclassified, they could be correctly identified 

classification model, the second one is able to 
distinguish clearly between the spectra of the esters 
and ketones, thus making the scores of samples of 
esters in test set closer to that of training set (Fig. 
3d and Fig. 3e). At the same time, the scores of 
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samples of ketones in the test set became relatively 
closer to the line of decision threshold.  

Besides the samples of 3-hexanone, samples 
of hexanoic acid, n-nonaldehyde and 
isovaleraldehyde were also partly or completely 
misidentified. As the classification and 
identification models were built on the absorbance 
of wavelength band of 1050-1700 nm, the 
misclassification and misidentification of the 
samples in test set can be attributed to the 
differences of spectra between samples in test set 
and training set for the same kind of organic 
compound. This is likely the reason for the samples 
of hexanoic acid to be misidentified as heptanoic 
acid and 2-ethylhexanoic acid. The spectra of 
hexanoic acid and heptanoic acid (or 2-
ethylhexanoic acid) in training set are very different 
in the wavelength band of 1400-1700nm, but they 
overlap considerably in the wavelength band of 
1680-1700 nm (Fig. S3a). As the classifier assigns 
different weights to the wavelength points of 1050-
1700 nm, they can be potentially misclassified if 
their difference focus on the wavelength band with 
larger weights. 

The misidentification of samples of n-
nonaldehyde in test set may be caused by the 
similarity of spectra of n-nonaldehyde, undecylic 
aldehyde and n-heptaldehyde even in training set 
(Fig. S3b). In fact, any difference between the 
spectra of n-nonaldehyde in training and test sets 
will give rise to increase in spectral similarity of n-
nonaldehyde with undecylic aldehyde or n-
heptaldehyde, which will then increase the risk of 
misidentification. The misidentification of the first 
sample of isovaleraldehyde was not only caused by 
the similarity between the spectra of 
isovaleraldehyde and butyraldehyde in the training 
set (Fig. S3c), but also due to the principal of the 
model. Mathematically speaking, the model is a 
comparison of TRS and TES values, which depend 
on the absorbance of wavelength band of 1050-
1700 nm and corresponding weights, and not on the 
portion of spectra or the waveform of spectra. That 
is why the spectrum (second measurement in test 
set) which had a large difference from the spectrum 
of isovaleraldehyde in the wavelength band of 
1650-1700nm was correctly identified, while the 
spectrum (first measurement in test set) with less 
difference in the same wavelength band was 

 
Briefly, it can be concluded that almost all the 

spectra in samples of an organic compound 
(marked as A) that were misidentified as another 
organic compound (marked as B) have at least one 
of the following characteristics: 1) the spectra of A 
and B are similar in part or even in the whole 
wavelength band of 1050-1700nm; 2) only the 
spectrum of A in test set is similar with the 
spectrum of B in training set. The misclassification 
and misidentification that originate from deviation 

among spectra in test set and training set may 
be produced by a combined effect of temperature 
[29], ambient humidity [30], cuvettes, equipment 
noise, etc. 

Although there was some misclassification 
and misidentification of samples in the test set, it 
must be noted that 17 samples of ethanol measured 
at different times and different ambient conditions 
were all classified and identified correctly (Table 

reliability and temperature-stability of the models. 
 
 
DISCUSSION AND CONCLUSIONS 
 

In summary, we have investigated the method 
of NIRS combined with pattern recognition to 
rapidly classify and identify a group of liquid 
organic compounds, and the results indicate that 
this method is feasible and reliable. Once the model 
is built, the spectral measurement takes just a 
minute or two, after which the classification and 
identification results will be exported from the 
model almost instantaneously. There are many 
potential applications of this method, such as rapid 
inspection of imported and exported goods, low-
cost and fast detection of dangerous and forbidden 
organic compounds, etc. This promising technique 
can also provide a safe testing approach for 
unknown/unlabeled waste organic compounds 
generated in laboratories and factories. However, 
these models are only available for the organic 
compounds included in the training set. The 
identification of pure or mixed organic compounds 
that are not included in the training set will require 
further study. 
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ABSTRACT 

 
The urban heat island effect is one of the most 

characteristic ecological and environmental 
problems during rapid urbanization. However, 
contemporaneous research on the mitigating factors 
of urban heat island effects is rare. Landsat TM 
images of Changchun city in 1993 and 2005 were 
used as data sources where information on urban 
water landscape changes was extracted and land 
surface temperatures were quantitatively estimated 
by a mono-window algorithm. Spatial relationships 
between water landscape density, water patch size, 
and land surface temperature was analyzed by 
geo-statistical analysis. Results show that the water 
landscape had substantial effects on temperature. 
Land surface temperature is greatly reduced when 
the area of water with the city reached 10 ha. There 
is a high correlation between shape index and the 
lowest water surface temperature; the correlation 
coefficient is 0.321 (P < 0.05) and 0.321 (P < 0.01) 
in 1993 and 2005, respectively. Water bodies had a 
high impact on the surrounding temperature within 
a buffer zone of a width of 720 m. In this buffer 
zone, the temperature increased by 1.440 ºC from 
the water at 0-120 m and inland to 120-240 m, and 
then the temperature increased by 0.513ºC from 
120-240 m to 240-360 m in 1993, showing that the 
warming trend had a landward decrease. A 
landward increase continued by only 0.155ºC from 
480-600 m to 600-720 m. In 2005, the temperature 
increased by 1.336ºC from 0-120 m to 120-240 m, 
by 0.640ºC from 120-240 m to 240-360 m, and by 
only 0.011ºC from 480-600 m to 600-720 m. The 
difference in temperature decreased gradually. The 
cooling effect was less substantial with an increase 
in the distance to water bodies. Therefore, if the 
area of water is too small, there will be little impact 
on the urban thermal environment. Also, increasing 

the shape complexity of water patches appears to 
help promote heat exchange between water bodies 
and the surrounding landscape and could mitigate 
the urban heat island effect. 
 
 
KEYWORDS: 
Water landscape, patch, land surface temperature, spatial 

analysis of GIS 

 
 
INTRODUCTION 

 
Rapid urbanization increasingly exacerbates 

prominent environmental heat island problems and 
increases the frequency of extreme weather. With 
increasing urbanization, the regional climate and 
weather patterns can change and endanger the lives 
and safety of the urban residents [1, 2]. Of all the 
environmental effects of urbanization, the thermal 
environmental problem caused by the urban heat 
island effect has attracted recent attention from 
researchers [3-5]. Rapid urbanization has led to the 
c
absorption and reflection of long-wave radiation 
energy to change. The reason for this long-wave 
radiation energy change is that vegetation, water, 
soil, and other natural land cover systems that have 
large heat capacity and thermal inertia are gradually 
replaced by artificial and impervious surfaces. At 
the same time, the artificial heat produced by 
human industry and life also changes such that 
these two processes come to jointly promote the 
emergence of an urban thermal environment 
problem [6, 7]. Those remaining natural landscape 
systems inside the city are of great significance 
toward mitigating the urban heat island effect [8]. 
However, human activities that result in the 
excessive development of water resources and land 
use/cover cause the water landscape patterns to 



© by PSP  Volume 25  No. 12/2016, pages 5194-5201    Fresenius Environmental Bulletin  

5195 
 

 

change, which accelerates water degradation [9]. 
Water is an important part of the urban 

landscape in terms of land-surface heat balance 
because it has a relatively large thermal inertia and 
thermal capacity as well as low heat conduction and 
thermal radiation rate [10]. Water is an inherent part 
of the underlying surface of the city and the 
regulating role that large bodies of water play in 
regulating role in the local thermal field cannot be 
overstated. To a certain extent, water bodies absorb 
and weaken the release of artificial heat sources so 
as to improve the local thermal environment of city. 
The size, boundary shape, and space distribution 
characteristics of urban water bodies comprise 
different landscape mosaics. The relationship 
between the landscape spatial pattern and 
ecological role of the mosaic is an important issue 
in landscape ecology research [11]. To study the 
issue, the spatial characteristics of landscape 
mosaics often need quantitative description, such as 
number, size, geometric shape, relative space 
position, etc., of the patches. The shape 
characteristics of landscape mosaics affect the 
movement of energy, materials, and biology, mainly 
by way of diffusion, mass flow, and locomotion 
[12]. This paper addresses the impacts of water 
landscape and patch features (patch size and 
boundary complexity) on urban land surface 
temperatures. 

Changchun City is located in the middle 
latitudes of the northern hemisphere and is in the 
Great Plains hinterland of Northeast, China. The 

43° 58'N and 125° 09' to 125° 48'E, which is in a 
temperate zone with semi-humid continental 
monsoon climate. There is a strong continental 
climate that causes a high annual temperature range. 
Changchun City is one of the economically 
important cities in Northeast Asia and is one of 
older industrial bases in the northeast, China. 
Urbanization has had a great impact on the climate 
of Changchun City and an environmental 
consequence of urbanization is the urban heat 
island effect. Thus, it appears that urban life could 
suffer from this serious threat to the ecological 
environment. In this case study, we selected a 
build-up area that has become urbanized over a 
decade (1993-2005) toward determining the 
influence of its evolving urban spatial structure on 
the natural ecological system. As a starting point, 
we used comprehensive classification principles for 
urban built-up areas from both the Chinese and 
international literature to establish a base map of 

where the process of urbanization has converted 
land with natural surface cover to buildings and 

existing urban infrastructure and where its exterior 
urban fringes juxtapose outlying agricultural areas. 
To this end, remote sensing imagery and 
topographic maps were combined with field survey 
data, and from which geographic boundary lines 
establishing the urban-rural border around 
Changchun city were extracted. 
 
 
MATERIALS AND METHODS 

 
Data and image pre-processing. Landsat 

Thematic Mapper (TM) images from September 8, 
2005 and September 7, 1993 had very clear 
atmospheric conditions with no influence of clouds, 
and were used for extracting water landscape based 
on related geography analysis and expert 
knowledge. An image from the SPOT 5 satellite 
acquired on September 12, 2004 provided 
multispectral imagery of 10 meters spatial 
resolution and pan-sharpened imagery with a 
spatial resolution of 2.5 meters. Urban 1:500 
topographic maps (n=33) were used to evaluate the 
classification accuracy of the urban water landscape; 
the results showed that the 91% success rate for 
correct interpretation. In addition, Landsat 
Thematic Mapper (TM) images were used to 
estimate land surface temperatures (LST). 

 
Analysis of water landscape pattern.  The 

density of landscape elements reflects the overall 
degree of fragmentation or differentiation. The 
landscape density index is the number landscape 
elements per unit area. Higher ratios correspond 
with greater proportions of certain types of 
landscape elements. The urban water landscape is a 
mosaic of water patches and corridors, which 
interact and are interconnected. Toward the study of 
urban water landscape mosaic pattern 
characteristics, that water landscape density index 
shows the distribution of water landscape elements 
and is thus chosen as a characterization parameter. 

The spatial distribution of water landscape 
density was determined by grid methods in a 
geographic information system with spatial 
interpolation. First, we generated a 500 m by 500 m 
grid with Fishnet in ArcGIS and used the study area 
boundary grid for tailoring in order to avoid 
calculation errors along the edges [13]. Second, 
using a spatial query and index, the water landscape 
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was overlaid on the grid, so that the generated 
figure had a grid index ID with water landscape 
attributes [14]. The proportion of water landscape 
area in the whole grid is considered as the grid 
density of water landscape. The sampling points of 
spatial interpolation were obtained by information 
grid methods and gravity models in 1993 and 2005 
of which were used in the spatial interpolation 
methods for geo-statistical analysis. 

According to the study of Wiens (1993), the 
ratio of perimeter to area was one of the main 
indicators reflecting the patch shape; the greater the 
ratio of perimeter to area was, the more complex 
the shape. This complex shape could communicate 
more easily with the surrounding environment [15], 
therefore it is reasonable to take the shape index to 
reflect the thermal environment. Herein, we mainly 
analyze the impacts of patch characteristics (area 
and boundary complexity) on the urban heat island 
effect.  

 
Land surface temperature estimation.  In 

order to avoid the dependence on radiosounding in 
the RTE method, Qin et al. (2001) developed the 
following mono-window algorithm for obtaining 
LST from TM6 [16]: 

]))1(()1([
1

6 as DTTDCDCbDCa
C

T
 (1) 

where sT  is land surface temperature (K); a = 
-67.355351, and b=0.458606; C , 

])1(1)[1(D , is the land surface 
emissivity, is the total atmospheric 
transmissivity; 6T is the effective at-sensor brightness 
temperature(K); aT  represents the mean atmospheric 
temperature given by 

oa TT 92621.0011.16               (2) 

To being the near-surface air temperature. Qin 
et al. also estimated the atmospheric transmissivity 
from w, the atmospheric water vapor content, for the 
range 0.4-1.6 g/cm2, according to 

= 0.974290  0.08007 w (highTo)   (3a) 

= 0.982007  0.09611 w (lowTo)    (3b) 

More details about this algorithm and its 
sensitivity could be found in the work of Qin et al. 
(2001). Also, the computation of and 6T  is 
explained by Xiao and Weng [17], and 
Jiménez-Munoz and Sobrino [18]. 

 

Spatial buffer, overlay and statistic analysis.  
The temperatures of the water patches are 
determined by the mean temperatures of the pixels. 
The LST_MN (the mean LST) showed the potential 
of the cold island effect produced by water. Spatial 
overlay analyses were performed with the water 
patch and urban land surface temperatures [19], 
from which the relationships between water 
landscape and the LST were analyzed and 
regression models were constructed. 

To further analyze the influence of local low 
temperatures created by water patches on 
surrounding environment a buffer analysis was 
made with respect to the water body. The TM 
images were selected to estimate the land surface 
temperature separately for the 0-120 m, 120-240 m 
and 240-360 m, and 600-720 m away from a given 
water patch with spatial resolution for the thermal 
infrared band of 120 m. Spatial overlay and 
statistical analyses were performed on the urban 
land surface temperatures and the buffer zones 
around the water patch. Correlation analyses were 
performed with SPSS statistics software [20]. 
 
 
RESULTS AND DISCUSSION 

 
Analysis on the relationship between water 

landscape density and its surface temperature.  
The urban water landscape provides a high 
ecological service function and makes a significant 
contribution in maintaining surface temperatures. 
We selected the water patch density as a 
characteristic parameter and analyzed its spatial 
relation with respect to surface temperature; the 
specific results are discussed in section 3.2 and 
shown in Fig. 1 and Fig. 2. The overlay analyses of 
the results and total factor map in Changchun city 
shows a high level of water density that mainly 
appears in the Yitong River system and the South 
Lake in 1993, with significantly lower surface 
temperatures in these regions that are herein termed 

city, water patch density increased in 2005, and 
expanded to the south and to the north around 
Yitong River and South Lake. At the same time, the 
Yanming Lake and Crescent Reservoir in the 
northwest of the city showed another increased 
level of water patch density and the corresponding 
surface temperature were also low in these areas.  
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FIGURE 1 
The density of water patches and land surface temperature of Changchun City in 1993 

 
 

 
 

FIGURE 2 
The density of water patches and land surface temperature of Changchun City in 2005 

 
 

Impacts of water patch characteristics on 
its surface temperature.  The relationship 
between the area of water bodies and surface 
temperatures was calculated by the Zone Statistic 
function in ArcGIS. The Pearson correlation 
analysis function is SPSS was used to determine the 
correlation between water body area and surface 
temperature. The results show that there was a high 
degree of correlation between water body area and 
the water body surface minimum temperature with 
two correlation coefficients of -0.415 and -0.443

P< 0.01 ; there was a low correlation between 
water body area and maximum and mean 
temperatures. These results show that the minimum 
temperature was greatly influenced by the area of 
the water body. Linear regression analysis was 
performed on the minimum temperature and the 
water body area as shown in Fig. 3a and 4a and 
shows that the goodness of fit was lower. However, 
when we removed the area that was less than 10 ha, 

than the goodness of fit improved (Fig. 3b and 4b). 
It is therefore suggested that an increase area of 
water bodies would help to reduce the temperature 
of water body to some extent. 

The results show that there is a high degree of 
correlation between the water body shape index and 
the minimum surface temperature of that same 
water body with a correlation coefficient of 0.321 
(P< 0.05) and 0.381 (P< 0.01) in 1993 and 2005, 
respectively; there is a low degree of correlation 
between the water body shape index and the 
maximum and mean temperatures. Linear 
regression analyses were performed on the 
minimum temperature and the water body shape 
index (Fig. 5). We found that minimum 
temperatures were lower with increasing shape 
index. It is therefore concluded that increasing the 
shape complexity of the water body would help to 
reduce the water body temperature. 
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FIGURE 3 

The relationship between the water body area and surface minimum temperature in 1993 
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FIGURE 4 

The relationship between the water body area and surface minimum temperature in 2005 
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FIGURE 5 

Regression analysis of the shape index and the surface water temperature (a:1993 year b 2005 year) 
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FIGURE 6 

The land surface temperature surrounding the urban water 
 
 

The impacts of water patch on the land 
surface temperature around water.  It was found 
that the mean LST gradually increased with an 
increase in the distance from a given water body 
within a 720 m buffer zone. The degree of this 
temperature increase gradually declined (Fig. 6). It 
can be concluded that water bodies have an impact 
on land surface temperature at a distance of 0-720 
m with a cooling trend that shows a gradual 
landward decrease.  

The area around water bodies can be 
subdivided into several buffer zones on the basis of 
temperature trends. In 1993, the average buffer 
zone temperature increased by 1.440 ºC and 0.513 
ºC in the 0-120 m to 120-240 m and 120-240 m to 
240-360 m buffer zones, respectively, and shows 
that the warming trend was decreasing. The 
temperature increased by 0.155 ºC in the 480-600 
m to 600-720 m buffer zones. Likewise, the 
temperature increased by 1.336 ºC from 0-120 m to 
120-240 m buffer zone in 2005, 0.640 ºC from 
120-240 m to 240-360 m buffer zone, and only 
0.011 ºC from 480-600 m to 600-720 m buffer zone. 
The temperature differences gradually decreased 
and showed that the temperature mitigation effect is 
not obvious. The results also show that water 
bodies have a great influence on the surrounding 
land surface temperatures with a local low 
temperature effect that extends as far inland as 720 
m. The cooling effect was not significant with 
increasing distance from the water body. The results 
also verified that there was a clear difference in the 
impacts of water bodies on different buffer zones. 
When there was active communication with the 
water body there was a greater influence on the 
areas nearer the water. The temperature of the 

surrounding areas in these cases showed some 
uniformity with the surface water temperatures. The 
heat flow between the local urban system and the 
surrounding environment was not substantial in the 
areas farther from the water, therefore the 
mitigation capacity was relatively weak in these 
cases. 

 
 

CONCLUSION 

 
In this paper, which builds upon the theories 

of the landscape mosaics in landscape ecology, we 
mainly analyzed the impacts of the water landscape 
patch characteristics (area and boundary complexity) 
on urban surface temperatures and their influence 
of local low temperature climate formed by water 
patches on the surrounding environment. 

It can be concluded that there is a low degree 
of correlation between water body area and its 
maximum and mean temperatures in 1993 and 2005. 
There is a higher degree of correlation between 

surface temperature. When the water body area is 
more than 10 ha, there is a corresponding great 
decrease in the LSTs. Thus, there is little impact on 
the urban local thermal environment when water 
area is too small. 

Also, there is a low degree of correlation 
between the water body shape index and the 
maximum and mean surface temperatures. 
Conversely, there is a higher degree of correlation 
between the water body shape index and the water 
body minimum surface temperature. Minimum 
surface temperatures are greatly influenced by water 
body patch shape in that the minimum surface 
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temperature rise with increases in the complexity. 
This illustrates that the complexity of the water 
patch shape is influential on the heat exchange 
between water bodies and the surrounding landscape 
and is therefore an important factor in mitigating the 
urban heat island effect. This mitigation effect is 
substantial within 720 m of water bodies in 
Changchun city, but substantially decreases beyond 
this distance from water body.  

The results of this study could have 
implications for environmental management and 
landscape planning with respect to the urban water 
landscape. The results revealed that LSTs are 
sensitive to the area and shape of water. As such, 
any planning and design that takes into account the 
complexity and size of water bodies, as outlined 
herein, would be expected to be highly useful 
toward mitigating an urban heat island effect. 
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ABSTRACT 
 

The aim of this research was to analyze the 
traffic-induced noise in urban parks and to develop 
urban green space planning approaches. Forty-three 
measurements were collected in five parks that 
differed in their physical structures and 
environmental conditions. The measurements have 
been compared with the cut-off value proposed by 
the WHO (55 dBA). GIS-based maps were produced 
to evaluate the spatial distribution of noise. The 
findings indicated that the distance from urban areas 
and the size of the parks were the main determinants 
of the level of noise pollution, and building parks 
outside of urban areas can be the most convenient 
method to protect the visitors from noise pollution. 
However, building the parks in an urban area is an 
essential planning method that can facilitate the 
access to the parks. Therefore, it is crucial to design 
and build large noise free park zones, regardless of 
whether they are located in or out of the urbanized 
area. Finally, to effectively decrease the effects of 
noise on people in urban parks, well-textured 
evergreen perennial, shrub, and tree species should 
surround the roadsides of the parks.  

 
 

KEYWORDS:  
Noise pollution, urban environmental protection, green 
space, .  
 
 
INTRODUCTION 
 

The world population living in urban areas is 
projected to increase to from 3.6 billion in 2011 to 
6.3 billion 2050. Thus, the growing population is 
expected to be concentrated in urban areas over the 
next four decades [1]. These unprecedented 
developments had increased the demand for high 
quality green spaces in urban areas. Urban green 
spaces are viewed as the last remnants of nature [2], 
and rapid urbanization and increased leisure time 

On the other hand, urban green spaces and their 
environmental and social benefits are becoming 

inadequate due to urban environmental problems [3]. 
Cities and towns experience increasing signs of 
environmental stress, particularly in the form of poor 
air quality and excessive noise. Among them, 
environmental noise level is one of the key 
determinants of life quality in urban areas of modern 
cities [4, 5]. The European Environment Agency [6] 
estimated that more than 40% of citizens are exposed 
to road noise levels above 55 dB, which is high 
enough to cause annoyance, aggressive behavior, 
and sleep disturbance [7].  

The aim of the research is to analyse the levels 
of traffic-induced noise pollution in urban parks in 

study consisted of three main phases: i) Measuring 
and mapping noise levels to quantify spatial 
distribution of noise pollution, ii) Comparing 
measurement results with international noise limits, 
and iii) Developing environmental protection and 
planning policies to increase the benefits of urban 

     
 
       

MATERIALS AND METHODS 
 

Study area. The study compared five urban 
parks located throughout the city of , 
Turkey. Located in the Eastern Mediterranean 
Region of Turkey
most rapidly urbanizing cities in the country. The 
population was 326,198 in 2000 but increased by 
40% during the past 13 years, reaching 450,000 in 
2013 [8]. The built-up land also expanded in parallel 
with the population increase, with the amount of 
constructed area increasing from 1200 ha in 2000 to 
2200 ha in 2006 [9, 10]. Because of rapid 
urbanization, the number of motor vehicles has risen 
almost three-fold during the past decade, from about 
60,000 in 2000 to 170,000 in 2013 [11, 12]. Five 
urban parks were compared in terms of their physical 
structures and environmental conditions: location, 
areal coverage, plant coverage, types of buildings, 
traffic, and visitor density. Geographical locations 
and some features of the parks are indicated in Figure 
1 and Table 1.  
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FIGURE 1 
 

 
 

TABLE 1 
General characteristics of the parks 

 
 Location Area (m2) Traffic density Plant density Visitor density 
Kilavuzlu Park Non-urbanized 48,500 Low Low Weekend 
Muhsin Y. Park Non-urbanized 10,500 Moderate Low Weekend 
12 Subat Park Urbanized  14,500 High Low All week 
Atatürk Park Urbanized  105,000 High Moderate Weekend 
Selale Park City core 4000 Very high High All week 

 
 

Measurement procedure and evaluation. 
Forty-three measurements have been collected from 
43 points to analyze the traffic-induced noise in 
urban parks. A homogenous distribution was 
considered while locating the measurement points in 
the park areas. According to a real width of the parks, 
the number of measurement points ranged from 6 to 
11.  

The measurements have been carried out on the 
weekends, between 1:00 and 5:00 p.m., under ideal 
meteorological conditions when there was no rain or 
wind. The measurement schedule represents the 
most suitable activity period in terms of both the 
traffic and park visitors  density. The duration of 
each measurement was 3 min [13, 14] during which 
A-weighted continuous equivalent sound level Leq 
was collected. The Delta OHM HD2010 sound level 
meter with tripod was fixed at 1.5 m above local 
ground level at a vertical angle of 45°.  

The measurement results have been evaluated 
by considering the cut-off values established by the 
World Health Organization (WHO) [13, 15]. WHO  

limitations regarding environmental noise specify 
that recommended noise levels for outdoor living 
areas should be 55 dBA.  

Geographic Information System (GIS) based 
maps were produced for each urban park to analyze 
the spatial distribution of noise pollution in the entire 
area. The maps enabled us to associate the measured 
noise levels with traffic density. In this study, noise 
maps were generated on a 1 × 1 m cell using Spatial 
Analyst extension in ArcGIS 9.3 software. The 
extension enabled us to create spatial distribution 
from point features. It means that it is possible to 
interpolate data values for the entire area based on 
pre-defined measurement locations. 
 
 
RESULTS AND DISCUSSION 
 

The measurements collected in five urban parks 
in the city of K. Mara  revealed mean noise level of 
58 dBA, 3 dBA more than the cut-off value specified 
by the WHO (55 dBA) (Table 2). It means that traffic  
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TABLE 2 
Number of measurement points according to WHO limit, and mean noise levels. 

 
 Number of measurements 

Mean dBA <55 dBA =55 dBA >55 dBA 
Kilavuzlu Park 5 2 2 54 

 4 0 4 55 
12 Subat Park 2 2 5 58 
Atatürk Park 3 1 7 59 
Selale Park 0 0 6 64 
Total 14 5 24 58 

 
 
induced noise does not pose a significant threat to 

wellbeing throughout the city, from the 
viewpoint of mean noise level. On the other hand, 
56% of the total 43 measurements exceeded the limit 
of 55 dBA, ranging from 56 to 71 dBA. While 12% 
of the measurement were equal to the limit, 32% of 
the measurements were smaller than it. 

Each urban park in the city displayed different 
noise levels, depending on the variability of their 
physical or environmental conditions. Among urban 
parks, only the measurements in Selale Park 
exceeded the WHO limit of 55 dBA (Figure 2). 
Minimum and maximum noise levels were 63 and 66 
dBA. The mean noise level was 64 dBA. Although 
the plant cover is well developed, high noise levels 
have been measured because the park is located in 
the city core and surrounded by roads with high 
traffic density. Furthermore, the size of the park is 
another important factor in noise levels. The areal 
coverage of the park is about 4000 square meter (40 
x 100 m). Accordingly, traffic induced noise in the 
entire park area is being perceived as high.  

Atatürk Park, located on a densely used inter-
city road, displayed the second highest value, with 
the mean noise level of 59 dBA. The results of the 
11 measurements ranged from 52 to 71 dbA, and 7 
of them exceeded the WHO limit. On the other hand, 
Figure 3 clearly shows that the noise level 
measurements collected adjacent to inter-city road 
were high while the measurements collected further 
away were quite low. The distance from road to the 
back of the park was about 250m length, and the 
difference between the measurements collected in 
the front versus the back was about 15 dBA. Hence, 

the size of the Atatürk Park played an important role 
in the spatial distribution of noise levels.  

With the mean noise level of 58 dBA, 12 Subat 
Park is located in newly urbanized part of the city. 
The measurements collected close to densely used 
road had the highest values (61  65 dBA) while 
other parts of the park had relatively low values (52 

 60 dBA). Five of the total 9 measurements were 
-off value of 55 dBA, and 

the other four were equal to or smaller than this 
value.   

Compared to other three parks, Muhsin 
Yazicioglu and Kilavuzlu Parks, which are located 

Mean noise level in Muhsin Yazicioglu Park was 55 
dBA, and the 8 values ranged from 52 dBA to 58 
dBA. Half of the values were higher compared to the 

density was the main reason for these results.  
Kilavuzlu Park, with its mean noise level of 54 

dBA, 1 dBA lower than the cut-off value established 
by the WHO (55 dBA), is unique among the five 
urban parks. The park is located far from both an 
urban area and high traffic density. The 9 values 
ranged from 47 to 62 dbA. Only two of them 
exceeded the WHO cut-off value. Two 
measurements had the same and five measurements 
had lower values co -off. 

GIS-based noise maps of the five urban parks 
displayed spatial distribution of traffic-induced noise 
pollution in the entire area. As shown in Figure 3, the 
type and the traffic density of the roads are the main 
factors in the distribution of noise. The noisiest 
regions are generally around the main roads while 
the noise decreases in areas with less traffic density.  
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FIGURE 2 

Noise measurements according to WHO limit. 
 
 
CONCLUSIONS 
 

The aim of this study was to measure and map 
traffic-induced noise pollution in urban parks in the 

Overall, 43 measurements were 
collected in five parks that differed in their physical 
structures and environmental conditions. The results 
were compared to the cut-off value established by 
the WHO (55 dBA), and GIS-based maps were 
produced to evaluate the spatial distribution of noise. 
The results of the measurements ranged from 47 

dBA up to 71 dBA. Overall, 56% of the total 43 
measurements exceeded the limit of 55 dBA. Among 
five urban parks, Selale Park, which is located at the 
city  core, showed the highest mean noise level (64 
dBA) while Kilavuzlu Park, located far from 
urbanized area, had the lowest mean level (54 dBA). 
The measurement indicated that the difference 
between mean noise levels of the parks located 
inside and outside of the urban area was about 10 
dBA. On the other hand, the size of the parks also 
appeared to be an important factor in the spatial  
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FIGURE 3 
Noise maps of the urban parks. 

 
distribution of noise. Noise measurements within 
small size parks had similar values (65  63 dBA) 
while the measurements differed significantly within 
parks that cover larger areas (71  52 dBA).    

Our findings indicated that environmental 
noise is one of the most important factor that should 
be considered in the planning of urban green areas 
and promoting public well-being. According to 
study conducted building the 
parks outside of the urban area can protect the 
visitors from noise pollution. However, on the other 
hand, building the parks in urban areas can increase 
the access to the parks. Therefore, careful planning 
of the urban parks should generate noise free park 
zones, regardless of whether they are located inside 
or outside of the urban area. In addition to areal 
coverage, the lack of well-developed plant cover is 
another important problem in the prevention of noise 
pollution in urban parks. To decrease effectively the 
effects of noise on people, well-textured evergreen 
perennial, shrub, and tree species should be planted 
along the roadsides of the parks.         
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ABSTRACT  
 

Snow cover over Tibetan Plateau (TP) plays 
an important role in hydrological and energy 
circulation in many Asian river basins. The paper 
aims to assessing spatial-temporal changes of snow 
cover over TP and exploring its responses to the 
climate change during 2001-2011. As the result, 
statistical negative changes are indicated in the 
seasonal snow cover fraction variation for three 
seasons with the decreasing rate: -0.916%/a 
(spring), -0.005%/a (summer) and -0.050%/a 
(winter), while positive change is detected for 
autumn with the increasing rate 0.272%/a. The 
trend analysis shows 41.19% of TP exhibiting 
declining trend (1.42% with a significant decline) 
and 38% of TP indicating increasing trend (1.77% 
with a significant increase). Also, snow cover 
fraction shows significant negative correlation with 
temperature and precipitation in spring, summer 
and autumn months. In winter, snow cover fraction 
indicates significant positive correlation with 
precipitation and not significant negative 
correlation with temperature at the 0.01 level. 

 
 

KEYWORDS: 
Snow cover, Spatial-temporal responses, Tibetan Plateau, 
Climate change, Correlation analysis 

 
 

INTRODUCTION 
 
Snow cover over Tibetan Plateau (TP) is the 

main component of Eurasian snow cover. It plays 
an important role in regional hydrological and 
surface energy balance for its high reflectivity, high 
phase change latent heat and low thermal 
conductivity [1, 2]. As global warming intensifies, 
many previous studies proved that snow cover was 
quite sensitive to the climate change. Meanwhile, 
changes in snow cover would also affect 
hydrological processes at both regional and global 
level [3]. Therefore, researches on spatial-temporal 
distributions of snow cover are meaningful to 
understand the implications and mechanism of 

climate and hydrological system [4-7]. 
Snow cover in Northern Hemisphere exhibit 

complex responses to increasing temperature and 
precipitation [8]. Snow cover areas have decreased 
significantly in the Northern Hemisphere, their 
variations are negatively correlated with winter 
temperatures [9]. Western China did not experience 
a continual decrease in snow cover during the great 
warming period of the 1980s and 1990s, no 
correlation was identified between temperature and 
precipitation in the snow cover seasons [5]. In 
2000s, the inter-annual fluctuation of snow cover 
can be explained by the high negative correlations 
between the snow cover amount and the in situ 
temperature [10]. 

The satellite remote sensing technology 
provides a possible way to monitor the long-term 
changes in snow cover. Due to the launch of the 
first generation of the meteorological observation 
satellite TIROS in 1966, weekly snow cover maps 
of Northern Hemisphere have been finished by 
National Oceanic and Atmospheric Administration 
(NOAA) [11]. The Terra satellite was launched by 
NASA in 1998 with the first Moderate Resolution 
Imaging Spectroradiometer (MODIS) instrument 
which provides a new and improved capability for 
terrestrial satellite remote sensing [12, 13]. MODIS 
products (500m resolution) are capable to separate 
most snow and clouds [14]. MODIS snow cover 
fraction data have been used in terms of snow 
presence detection in Colorado and Washington 
states [15], snow cover variability in central Asia 
[16, 17] and snow cover characteristics of Europe 
[18]. The accuracy of the MODIS high-resolution 
snow cover data has been evaluated by comparing 
the data with in situ Chinese snow observations, the 
results showed that overall accuracy of is about 
90% over the TP area and even higher under clear 
sky conditions [19].  

The purpose of this paper is to provide a 
detailed analysis of variations in snow cover over 
the TP and to explore its spatial and temporal 
responses to the climate change. Specifically, we 
investigate the trends and variability of snow cover 
changes over TP at diverse temporal scales and 
different elevation bands. Correlation analysis is 
conducted between snow cover and climate factors 
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including daily surface temperature and 
precipitation. Finally, the statistical significance 
levels of snow cover changes have been calculated. 

 
 

DATA AND RESEARCH AREA 
 
Snow cover data. Snow cover data used in 

this research are daily cloud-removed MODIS 
Fractional Snow Cover (FSC) products (2001-2011) 
provided by Environmental and Ecological Science 
Data Center for West China, National Natural 
Science Foundation of China 
(http://westdc.westgis.ac.cn). In particular, a cloud 
removal method based on cubic spline interpolation 
has been applied to fill in the gaps caused by clouds 
over the TP [10]. In order to be consistent with the 
spatial grid of meteorological data, regriding 
method was performed on snow cover data. 

 
Meteorological data. Meteorological datasets 

used in this study include China Daily Surface 
Temperature 0.5°×0.5° Gridded Dataset (V2.0) and 
China Daily Surface Precipitation 0.5°×0.5° 
Gridded Dataset (V2.0). They can be obtained from 
China Meteorological Data Sharing Service System 
(http://cdc.nmic.cn). The datasets consist of daily 
surface air temperature and precipitation gridded 
data with 0.5°×0.5° horizontal resolution in China. 
The meteorological observational datasets from 

high-density stations complied by National 
Meteorological Information Center were 
interpolated spatially by Thin Plate Spline (TPS) to 
generate the datasets. 

 
Study area. TP, named as "the roof of the 

world" and "the third pole", is the highest region on 
Earth with the largest number of inland lakes. TP is 
located in central Asia with mean elevation of more 
than 4000 m and an area of about 2.3 million km2. 
Sur
the highest and most extensive plateau in the world. 
It has the largest cryosphere extent outside the polar 
region. It is also the birthplace of many large rivers 
in Asia. The geographic location and elevation 
characteristics of the TP are shown in Figure 1.  

There are many scopes and boundaries 
defining the TP [10, 19, 20], but no unified rule has 
been put for ary is defined 
on the basis of geomorphic characters, while the 
integrity of the plateau is embraced also [21]. 

As exhibited in Figure 1, we divide TP into 4 
elevation bands in which the first elevation band 
(below 3000 m) occupies 8.96% of the total area, 
the second elevation band (3000 m to 4000 m) 
occupies 18.50%, the third elevation band (4000 m 
to 5000 m) occupies 48.49%, and the fourth 
elevation band (5000 m to 8806 m) occupies 
24.05% of TP area. 

 

 
FIGURE 1 

Location and elevation characteristics over TP 
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FIGURE 2 
Time series of annual and seasonal snow cover fraction from 2001 to 2011

 

FIGURE 3 
Boxplots of Monthly mean variations of snow cover fraction in various elevation bands based on 11 years 

from 2001 to 2011 
 
 

SPATIAL AND TEMPORAL VARIATIONS 
OF SNOW COVER 

 
Spatial-temporal variations of snow cover are 

explored initially. In terms of seasonal changes, 

Spring, summer, autumn and winter are expressed 
as MAM, JJA SON and DJF, respectively. 

 

Annual variation. Annual mean snow cover 
fraction over TP from 2001 to 2011 is 12.56%, 
showing downward variation trend at the rate of 
1.69%/a, as presented in Figure 2. At the seasonal 
level, average snow cover fraction in spring, 
summer, autumn and winter are 15.93%, 4.87%, 
12.03% and 17.52%, respectively. Statistical 
negative changes are indicated for three seasons 
with the decreasing rate: -0.916%/a (spring), 
-0.005%/a (summer) and -0.050%/a (winter), while 
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positive change is detected in autumn with the 
increasing rate: 0.272%/a. Compared with annual 
changes, seasonal snow cover changes show large 
variability, particularly in spring, autumn and 
winter. 

 
Inter-annual variation. Figure 3 presents 

monthly mean variations of snow cover fraction in 
various bands from 2001 to 2011. In the summer 
months, the snow cover is lower than 5% for the 
regions below 5000 m and around 10% for the 
fourth elevation band. In comparison, the snow 
cover increases at similar level in spring and 
autumn months, and continues to grow in winter 
months. Not surprisingly, the upward variations in 
snow cover fraction are in consistent with the 
increase in elevation. The first elevation band 
shows the minimum annual snow cover coverage 
(2.08%), while 9.6% of the fourth elevation band is 
covered with snow through the year. For the 
seasonal snow cover over high regions above 
3000m, there exists large variability among 
different years in the research period, particularly in 
winter and spring months. 

 
Spatial distributions and variation trends. 

The seasonal snow cover distribution is further 
explored from 2001 to 2011. As shown in Figures 4 
a-d, snow cover distributions maintain a high 
consistency with distributions of high mountains in 
spring, autumn and winter. Most of the high snow 
covered areas are among the Himalayas and 
Nyenchen Tanglha, their snow cover fraction are 
generally larger than 80%. By contrast, Qaidam 

Basin and other regions of low elevation (below 
2000 m) exhibit low snow cover fraction (below 
10%). Figure 5 indicates the spatial pattern of annual 
snow cover from 2001 to 2011 and its statistical 
significance levels. The linear trend of snow cover 
change varies from -1.2%/a to 0.7%/a. Moreover, 
41.19% of the study area maintains a declining trend, 
only 1.42% grids show statistically significant 
declining trend (p < 0.05). Meanwhile, 38% of pixels 
of the area show the increasing trend, while 1.77% 
exhibits the significant increase. Snow cover 
reducing areas are mainly concentrated in the 
southwest of TP. 
 
 
TEMPERATURE AND PRECIPITATION 
CHANGES IN TP 
 

Temperature changes. The regional mean 
temperature of TP exhibits an upward tendency at the 
rate of 0.493 /10a from 2001 to 2011. The highest 
annual average temperature -0.58  appeared in 2006, 
while the lowest -1.51  was detected in 2008. 
Figure 6 presents the geographical pattern of linear 
trend and the corresponding statistical significance 
levels of annual mean temperature. Most areas of TP 
present increasing trend at the rate of 0.04-0.14 /a. 
About 97.17% of the region exhibits an increasing 
trend, and 46.59% shows significant increase (p < 
0.05). By contrast, only 2.83% of the grids indicate 
declining trend and no statistically significant 
variation is detected. 

FIGURE 4 
Spatial distribution of seasonal mean snow cover fraction from 2001 to 2011: (a) spring (b) summer (c) 

autumn (d) winter 
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FIGURE 5 

Distribution of monthly snow cover trend from 2001 to 2011: (a) trend and (b) significant of trend. 
(p<0.05) 

 
FIGURE 6 

Spatial distribution of annual temperature trend from 2001 to 2011: (a) trend and (b) significant of trend. 
(p<0.05) 
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FIGURE 7 
Spatial distribution of annual precipitation trend from 2001 to 2011: (a) trend and (b) significant of trend. 

(p<0.05) 
 

 
Precipitation changes. Annual precipitation 

over TP shows an upward tendency at the rate of 
about 21mm/10a during 2001-2011. The largest 
annual precipitation (504.65mm) appeared in 2008, 
while the least (434.51mm) was observed in 2001. 
Figure 7 exhibits the linear trend and the 
corresponding statistical significance levels of annual 
precipitation. Generally, the northern TP shows 
increasing trend while the southern part showing 
downward changes. About 66.78% of the study area 
exhibit an increasing trend, and 10.19% of TP 
experiences a significant increase (p < 0.05). Only 
28.52% of the grids show the declining trend, and 
2.48% of the total grids indicates the statistically 
significant downward trend. 
 
 
RESPONSES OF SNOW COVER CHANGES 
TO TEMPEATURE AND PRECIPITATION 
VARIATIONS 
 

Correlation analysis are employed to quantify 
the relations between monthly snow cover fraction 
and the corresponding temperature and precipitation. 
As listed in Tables 1 and 2, snow cover fraction 
shows significant negative correlation with 
temperature and precipitation in spring, summer and 
autumn months, passing the 0.01 significance tests 

on both sides. While in winter months, snow over 
fraction shows significant positive correlation with 
precipitation and not significant negative correlation 
with temperature at the 0.01 level. 

In spring months, snow cover below 5000 m 
shows significant negative correlation with 
temperature and precipitation. For the high regions 
above 5000 m covered with perennial snow and 
glaciers, snow cover has less significant negative 
correlation with temperature and no significant 
negative correlation with precipitation. The rise of 
temperature in spring weakens the ability of rain 
turning into snow. In summer months, snow cover 
below 4000 m presents no significant correlation, 
while the bands above 4000 m have a strong 
negative correlation, passing the 0.01 significance 
tests on both sides. In autumn months, snow cover 
between 3000 to 4000 m shows no significant 
positive correlation with precipitation and other 
elevation bands has shown significant negative 
correlations. In winter months, the influences of the 
temperature on the snow cover have been weakened, 
since no significant negative correlation is detected 
between them. However, the significant positive 
correlation has been proved between snow cover and 
precipitation, which indicate that precipitation 
contributes a lot to the increase of snow cover over 
TP in winter. 



© by PSP  Volume 25  No. 12/2016, pages 5208-5216    Fresenius Environmental Bulletin  

5214 

 

TABLE 1 
Correlation analysis results of seasonal snow cover fraction with temperature 

 

Seasons 
Elevation (m) 
below 3000 3000 to 4000 4000 to 5000 5000 to 8806 Whole 

MAM -0.849** -0.908** -0.802** -0.373* -0.821** 
JJA -0.212 -0.224 -0.847** -0.945** -0.851** 

SON -0.354* -0.849** -0.829** -0.579** -0.829** 

DJF -0.410* -0.289 -0.319 -0.257 -0.265 

* Means significantly correlated (bilateral) at the0.05 level.  
** Means significantly correlated (bilateral) at the0.01 level.  
 
 

TABLE 2 
Correlation analysis results of seasonal snow cover fraction with precipitation 

 

Seasons 
Elevation (m) 
below 3000 3000 to 4000 4000 to 5000 5000 to 8806 Whole 

MAM -0.607** -0.783** -0.658** -0.090 -0.670** 
JJA 0.466** 0.330 -0.610** -0.632** -0.557** 

SON -0.278 -0.771** -0.751** -0.414* -0.607** 

DJF 0.304 0.616** 0.646** 0.655** 0.649** 

* Means significantly correlated (bilateral) at the0.05 level. ** Means significantly correlated (bilateral) at the 
0.01 level. 

  
 

FIGURE 8 
Spatial correlation analysis results of snow cover with climate factors: (a) temperature and (b) 

precipitation 



© by PSP  Volume 25  No. 12/2016, pages 5208-5216    Fresenius Environmental Bulletin  

5215 

 

Significance level analysis is conducted based 
on the time sequence of spatial snow cover fraction 
dataset and the corresponding temperature and 
precipitation data during 2001-2011. Statistical 
significance was at the 0.05 level. As presented in 
Figure 8a, 94% area of TP shows obvious significant 
negative correlation between snow cover and 
temperature, only 0.97% of regions exhibit 
significant positive correlation. The significantly 
positive and no significant correlation areas are 
mainly concentrated along Himalaya and Hengduan 
Mountains. In Figure 8b, 92.38% of TP shows 
obvious significant negative correlation between 
snow cover and precipitation while 1.33% of the 
region presents significant positive correlation. 

 
 
CONCLUSIONS 

 
This paper reviewed the spatial-temporal 

changes of snow cover over TP and explored its 
responses to temperature and precipitation variation 
during 2001-2011. The key conclusions are 
summarized as follows. 

1) From the spatial perspective, the changes in 
snow cover distribution in different elevation bands 
are in consistent with the elevation change. High 
snow covered areas in the southwest of TP are 
among the Himalayas and Nyenchen Tanglha 
persisting for all the seasons. Qaidam Basin and 
other regions of relatively low elevation show lower 
snow cover fraction.  

2) From the temporal perspective, there exists a 
large inter-annual variability in the monthly snow 
cover, particularly in winter and spring months. 
Seasonal snow cover changes occupy large 
variability, particularly in spring, autumn and 
summer months. 

3) From 2001 to 2011, 41.19% of the grids 
indicate a declining trend (1.42% with a significant 
decline) and 38% showing the increasing trend 
(1.77% with a significant increase).  

4) Correlation analysis indicates snow cover 
fraction shows significant negative correlation with 
temperature and precipitation in spring, summer and 
autumn months. In winter, snow over fraction shows 
significant positive correlation with precipitation and 
not significant negative correlation with temperature 
at the 0.01 level.  

5) 94% of TP shows obvious significant 
negative correlation between snow cover and 
temperature, 92.38% regions exhibit obvious 
significant negative correlation. 
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ABSTRACT 
 

The modeling of streamflow is often needed 
for the sustainable management of water resources 
and for the protection against flooding. Over the 
years numerous streamflow forecasting models 
have been developed, black-box models, like 
Artificial Neural Networks (ANN), have became 
quite popular in the field of hydrologic engineering, 
because of their rapidity and less data requirements 
compared to physics-based models. In this study, a 
hybrid model, Wavelet-Neural Network (WNN), 
for the prediction of streamflow is developed. The 
model incorporates ANN and wavelet transform for 
the analysis of variations in streamflow time series. 
For demonstration, the model is applied to 
streamflow data from four flow observation stations 
(FOS), located in the West Mediterranean Basin of 
Turkey. Monthly mean streamflow data from the 
four FOS were used in the model. Original series 
were decomposed sub-series by wavelet transform. 
These sub-series were used for ANN model. In 
order to evaluate the performance of the WNN 
model, a multi regression (MR) model was also 
developed based on the same data set. Results show 
that WNN model forecasts the streamflow more 
accurately than the MR model with correlations 
between estimated and observed streamflow data 
ranging from 0.84-0.88. 
 
 
KEYWORDS:  
Streamflow modeling, wavelet transform, artificial neural 
network, multi regression. 

 
 

INTRODUCTION 
 
Human settlements are often located near 

surface water bodies, such as rivers or lakes that 
serve as vital sources of freshwater and important 
contributors to economical, recreational and 
transportation activities. However, the proximity of 
populations to water bodies also involves some 
risks. Excessive precipitation can lead to flooding 
and extensive loss in property and livelihood and, 
in some cases, loss of live. Low precipitation on the 

other hand, can cause draughts threatening water 
resources and leading to excessive losses in 
agricultural production and other economic sectors. 
These risks further highlight the need to develop 
predictive water quality and quantity models for the 
effective management of water resources both at 
the local and global scale. 

Hydrological processes are influenced by 
numerous dynamic effects that are quite hard, if not 
impossible, to accurately consider in analytical 
studies. To overcome this limitation black-box type 
models have been shown as a viable tool in various 
fields including surface water modeling. In recent 
years, such data-driven models have become widely 
used for the analysis of hydrological problems 
because they are relatively easy to use, require less 
data and at the same time can provide accurate 
system predictions [1].  

Many data-driven models, including those 
based on linear, nonparametric or nonlinear 
approaches, have been applied for hydrologic 
discharge time series prediction [2]. K-Nearest-
Neighbors (KNN) algorithm, Artificial Neural 
Networks (ANN) and Support Vectors Machine 
(SVM) are among the more commonly used 
forecast methods for dynamic systems [3, 4, 5]. 
Prediction techniques for a dynamic system can be 
broadly divided into two approaches: local and 
global. Local approaches use only nearby states to 
make predictions whereas global approaches 
involve all the states. A detailed review of ANN 
applications for modelling water resource variables 
can be found in [6, 7]. Recent developments in 
ANN modeling that are relevant to the current study 
are briefly reviewed below. 

Zhang et al. [8] summarized various potential 
applications of neural networks in system 
predictions. Deo et al. [9], Agrawal and Deo [10] 
and Tsai et al. [11] have used ANNs for predicting 
wave parameters. Kazeminezhad et al. [12] used an 
adaptive network-based fuzzy inference systems 
(ANFIS) model, which is a fuzzy inference system, 
whose rules parameters are tuned by ANNs, in 
prediction of wave parameters in fetch-limited 
condition. Zanganeh et al. [13] combined genetic 
algorithms (Gas) and ANFIS models for the 
prediction of wave parameters. 
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Hatzikos et al. [14] utilized neural networks 
with active neurons as a modeling tool for the 
prediction of seawater quality indicators like water 
temperature, pH, dissolved oxygen (DO) and 
turbidity. Palani et al. [15] demonstrated the 
application of ANNs to model selected seawater 
quality variables, with dynamic and complex 
processes influencing the monitored data itself. 
Feed-forward neural Networks (FNN) have been 
successfully applied for time series modeling in 
various hydrological contexts such as rainfall-
runoff [16, 17], river flow [18, 19], flood 
forecasting [20] and water quality modelling [21, 
22]. Coulibally et al. [23] used different types of 
ANNs for monthly predictions of groundwater 
levels in the Gondo Plain, Burkina Faso. Nayak et 
al. [24] employed ANN for forecasting monthly 
water levels in two different wells of an unconfined 
coastal aquifer in Godavari Delta System, India. 
Trichakis et al. [25] employed ANN for daily 
forecasting of the water stage of a karstic aquifer in 
the region of Attica, Greece. In spite of the 
robustness and flexibility of ANN in modeling 
hydrologic time series, ANN may exhibit some 
shortcomings particularly when signal fluctuations 
are highly non-stationary and the hydrologic 
process occurs over a large range of times scales 
varying from 1 day to several decades. In such a 
situation, ANNs may not be able to adequately cope 
with non-stationary data if pre-processing of the 
input and/or output data is not performed [26]. In 
recent years wavelet transform prior to ANN has 
been proposed. Wavelet transform allows for the 
segmentation of data into specific frequency 
components which are subsequently analyzed with 
an appropriate resolution. An ANN-wavelet 
conjunction model was first proposed by Aussem et 
al. [27] for financial time series forecasting. Zhang 
and Dong [28] proposed a short-term load forecast 
model based on ANN and multi-resolution wavelet 
decomposion. In hydrology, Wang and Ding [29] 
applied wavelet-network model to forecast shallow 
groundwater level and daily discharge.  

In this study, we evaluate the ability of 
Wavelet-Neural Network (WNN) to model 
streamflow data. The streamflow data used in the 
study are from four stations, located in the West 
Mediterranean Basin, Turkey. To evaluate the 

 Multi Regression 
(MR) model was also developed. Section 2 of the 
paper describes the model used to analyze the 
streamflow data. It includes the wavelet transform 
and how it was incorporated with ANN.  Section 3 
presents the application of the WNN to the 
streamflow data from the West Mediterranean 
Basin. 
 
 
 
 

MODEL DESCRIPTION 
 
Wavelet Analysis. A wavelet transform (WT), 

like a short-time Fourier transform (STFT), can be 
used in applications involving signal analysis [30]. 
In contrast to the STFT, which uses a single 
analysis window, the WT uses short windows at 
high frequencies and long windows at low 
frequencies [31]. Continuous Wavelet Transform 
(CWT) and Discrete Wavelet Transform (DWT) are 
the main types of wavelet transform. 

A wavelet series is a sampled version of a 
CWT. The computation of a wavelet series may 
consume significant amount of time and resources, 
depending on the resolution required. All the 
wavelet functions used in the transformation are 
derived from the mother wavelet through 
translation (shifting) and scaling (dilation or 
compression). Denoting , as the mother 
wavelet or the basis function successive wavelets 
can be mathematically expressed as: 

                         (1) 

Where  is the successive wavelet, a is 
the frequency factor, and b is the time factor. A 
CWT can be written as:  

          (2) 

Where  is the signal to be analyzed, is 
the complex conjugate functions of . 

A DWT, which is based on sub-band coding, 
is evaluated to yield fast computation of the wavelet 
transform. Discrete wavelet transform of  can 
be written as: 

      (3) 

The most common choice for the parameters 
 and  is 2 and 1 time steps, respectively. This 

power of two logarithmic scaling of the time and 
scale is known as dyadic grid arrangement and is 
the simplest and the most efficient case for practical 
purposes [32].  

 
Artificial Neural Networks. The composition 

of ANN is inspired from biological neural 
networks. A neuron is one of the basic components 
of neural networks. It can vary in terms of size and 
shape, according to its function and mission in 
neural systems. 

The network consists of layers of parallel 
processing elements, also called neurons. Each 
layer is fully connected to the backflow layer by 
interconnections which are characterized by 
interconnection strengths, or weights. Fig. 1 
illustrates a three-layer neural network consisting of 
layers i, j, and k, with the interconnection weights 
Wij and Wjk between the layers of neurons. 
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FIGURE 1 
An ANNs architecture.  

 
 

The methodology used in this study for 

[33]. Throughout all ANN simulations, the adaptive 
learning rates were used for increasing the 
convergence velocity. For each epoch, if the 
performance decreases toward the goal, then the 
learning rate is increased by the factor of learning 
increment. If the performance increases, the 
learning rate is adjusted by the factor of learning 
decrement.  
 
 
STUDY AREA AND MODEL APPLICATION 

 
Study Area. Turkey can be divided into a 

total of 26 basins as shown in Figure 2. The West 
Mediterranean Basin (Figure 3) is the basin 
designated as number 08 in Figure 2.  

 
 

 
 

FIGURE 2 
Basins of Turkey. 

 
 

 
 

FIGURE 3 
West Mediterranean Basin. 
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The b 20953 km2 with mean 
annual flow of 8.93 km3. The annual maximum and 
minimum temperatures are 21.3 C and 9.5 C 
respectively. Precipitation is most intensive in the 
months of March and November. The basin has 
three main river: the Dalaman River in the west, the 
Esençay River in the middle and the 
in the east. The Dalaman River which is 190 km 
long has the highest streamflow, while snowmelt in 

the Spring season is highest in the Esençay 
River, which is 128 km long. The stations, which 
are used in this  (811) and Akköprü 
(812) stations on the Dalaman River, Çatallar (808) 
station on the River and  
station on the Esençay River.  

Characteristic of the four stations are 
presented in Table 1. 

 
 

TABLE 1 
Characteristics of the four stations used in this study. 

 
Station 

Number 
Station Name 

Precipitation 
Area (km2) 

Approximately 
Altitude (m) 

Long Term Mean 
Streamflow (m3/s) 

808 -Çatallar 770 342 3,90 
809 -  547 1115 3,69 
811 -  3820 589 14,70 
812 -Akköprü 4622,3 128 43,2 
 
 

TABLE 2 
Correlation of Stream Flow with various parameters for each FOS. 

 

 
 

Station   Flow Unit Input Data              Correlations with Streamflow Data (Qt) 
808        m3  D3t-1      0.378 
     At-2      0.715 
     At-1      0.873 
     Qt-12      0.726 
     Qt-11     0.717 
     Qt-2      0.684 
     Qt-1      0.846 
809         m3  D3t-1      0.510 
     D2t-1      0.320 
     At-2      0.466 
     At-1      0.773 
     Qt-12      0.663 
     Qt-11     0.598 
     Qt-2      0.438 
     Qt-1      0.739 
811         m3  D3t-1      0.447 
     D2t-1      0.438 
     At-2      0.512 
     At-1      0.813 
     Qt-12      0.708 
     Qt-11     0.672 
     Qt-2      0.483 
     Qt-1      0.749 
812        m3  D3t-1      0.423 
     D2t-1      0.370 
     At-2      0.407 
     At-1      0.738 
     Qt-12      0.670 
     Qt-11     0.606 
     Qt-1      0.650 
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Model Applications. Monthly mean 
streamflow data from the four flow observation 
stations (FOS) were used in the model. As the 
results will show, four FOS is sufficient for the 
accurate prediction of streamflow. The input layer 
data of the ANN modeling consist of (i) the 
decomposed sub-time series, D1, D2, and D3 of the 
three-layer ANN, (ii) the approximation time series 
of the previous 2 months A, which were obtained 
from DWT, and (iii) the streamflow data, of the 
previous month. The output layer data is the 
monthly streamflow. 

Table 2 shows the correlation between input 
and output data sets for each FOS. In this table Qt 
denotes streamflow at time t; D1, D2, and D3 denote 
the decomposed sub-time series under each level 
(level 1, 2 and 3); A denotes approximation series, 
and the subscripts t-1, t-2 denote the two previous 
months  data, respectively. Table 2 shows that Qt-1 
and At-1 having the highest correlations but that all 
seven parameters exhibit high correlation with the 
streamflow data. Consequently, these parameters 
were used in the subsequent WNN and multi-
regression models. 

For WNN modeling, forward feed back-
propagation ANN was selected along with the 
scaled conjugate gradient (SCG) algorithm. The 
SCG algorithm is a complex algorithm which was 
developed by Moller [34] for the purpose of 
deriving a profit in the period of direct searching. 
Its basic approach depends on the combination of 
safe areas and the reaching model-true approach 
which also used in the Levenberg-Marquart 
algorithm. The model was implemented using 
MATLAB computer programming. 

A hybrid modeling approach was adopted with 
WNN. A hybrid modeling process consists of two 
parts: a training step followed by a testing one. In 
the application to the West Mediterranean Basin a 
total of 420 monthly data were used for modeling. 
210 monthly data were selected for training process 
which consisted of sub-time series D, and 
approximation series A as input layer and monthly 
streamflow data Q as output layer.  

Different layer, different confidential 
knot number and different epoch numbers were 
tried for every station in ANN modeling to obtain 
the best structure of the model. 

In the testing procedure, the remaining 210 
monthly data were utilized in the ANN models 
obtained from the training procedure. The best 
model depends on the epoch number which was 
determined by calculating the Root Mean Squared 
Errors (RMSE) of the models. The agreements 
between the observed streamflow values and the 
estimated values using the hybrid model WNN are 
shown in Figure 4. For all 4 FOS, the estimated 
monthly streamflows matched well with the 
observed data, with correlations ranging for 0.83 to 
0.87.  The WNN model was capable of capturing 
the seasonal variations as well as low and high 
streamflows which ranged from less than 2 m3/s to 
about 200 m3/s quite well. 

MR models were also formed in order to 
compare the WNN model with traditional ones. The 
data used for the purpose of training in the ANN 
were used for the calibration of the MR models, 
while the data used for testing were used for 
validity control. The MR model equations are given 
in Table 3. 

Fig. 5 compares the observed data to the MR 
model predictions for the testing streamflow data 
only. On the whole the MR model was able to 
capture the seasonal variations of the monthly 
streamflow data, but the predicted peak flow rates 
were generally lower than the peak observed flow. 
The correlations of the MR model ranged from 0.57 
to 0.85 which are lower than the corresponding 
values of the WNN model. Another unfavorable 
aspect of the MR model is that in some instances 
slightly negative flow rates were predicted. The 
corresponding (RMSE) and R2 values for both the 
WNN and MR models are given in Table 4. 

The RMSE and R2 values are consistently 
better for the WNN model for all FOS. Overall, this 
study shows the flexibility of WNN models and 
demonstrates that they are a powerful tool for the 
analysis of streamflow data. 

 
 

TABLE 3 
Regression model equations for each FOS using. 

 

 
 
 
 

 

Station                                                     Regression Equation  

808 Qt= 0.138D3t-1+0.446At-2 +1.251At-1-0.019Qt-12+0.225Qt-11-0.810Qt-2-0.140Qt-1+0.293 
809  Qt= 0.123D3t-1-0.146D2t-1+0.414At-2+1.062At-1+0.049Qt-12+0.241Qt-11-0.742Qt-2-0.075Qt-1+0.170 
811  Qt= 0.090D3t-1-0.024D2t-1+0.268At-2+1.088At-1-0.013Qt-12+0.334Qt-11-0.465Qt-2-0.233Qt-1+0.291 
812 Qt= 0.037D3t-1-0.095D2t-1-0.070At-2+0.899At-1+0.077Qt-12+0.359Qt-11-0.0166Qt-1+0.243 
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TABLE 4 
Performance statistics of the WNN and regression models. 

 
    RMSE     R2    
   WNN   WLR    WNN   WLR 
808    1.00   1.11    0.88   0.85 
809    1.37   1.82    0.84   0.70 
811    4.68   5.26    0.85   0.77 
812    11.66   19.21    0.84   0.57 

 
 

 

 

 

 
 

FIGURE 4 
Comparison of the observed streamflow data to the streamflow data estimated with the WNN model. 
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FIGURE 5 
Comparison of the observed streamflow data to the streamflow data estimated with the MR model. 

 
 
CONCLUSION 
 

In this study we investigate the use a Wavelet 
Neural Network model for estimating streamflow 
data. For this purpose, data from 4 flow observation 
stations located in the West Mediterranean Basin of 
Turkey which is susceptible to frequent flooding, 
were used. Monthly mean streamflow data were 
decomposed into subseries and their correlations 

with the zed. 
Subseries which have high correlations value were 
selected as the input data set for WNN model. 
Monthly streamflow data were used as the output 
data set. A hybrid modeling approach was adopted 
whereby half of the data were used for training and 
the other half for testing. The predicted monthly 
streamflow were then compared to the observed 
streamflow for the testing data at the 4 FOS, with 
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correlations values ranging between 0.84 and 0.88. 
To evaluate the performance of the WNN model, a 
MR model which utilized the same data was 
constructed. Results of this application showed that 
the RMSE and R2 values of the WNN were better 
for each of the four FOS. It was seen that the WNN 
model gave favorable results compared to the MR 
model. In summary this study demonstrates that the 
WNN model can provide reliable estimates of the 
streamflow data. This predicitive tool can be further 
used to identify optimal policies for  the protection 
from floods and the sustainable management of the 
available water resources.  
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ABSTRACT  

 
Biochar from waste product is considered to 

be an alternative adsorbent for the removal of 
aqueous heavy metals. In this work, experimental 
investigations were conducted to study the effect of 
biochar that was pyrolytically produced from cattle 
manure waste on the removal of aqueous cadmium 
(Cd). The results showed that the highest sorption 
capacity of cattle manure biochar was 18.12 mg/g. 
The sorption ability of Cd increased with increasing 
pH, and the sorption of Cd was favorable at a pH 
value of 8.0. The equilibrium data were well fitted 
by Freundlich model. The kinetic data were fitted 
well by the pseudo-second-order model. The fitting 
results from intra-particle diffusion model showed 
that the sorption process might be a complex 
natural process that consisted of both surface 
sorption and intra-particle diffusion. The 
thermodynamic studies indicated that the sorption 
was endothermic, and the randomness of the 
adsorbed species increased and was spontaneous at 
high temperatures. The sorption was attributed 
primarily to the oxygen-containing functional 
groups of biochar, which was confirmed by batch 
sorption experiments, mathematical modeling, and 
characterization of the Cd-laden biochar samples 
using SEM-EDS, XRD, FTIR and XPS. 
 
 
KEYWORDS:  

biochar; cattle manure; sorption; heavy metal 

 

 

INTRODUCTION 

 
The widespread contaminations of water and 

soil by heavy metals have become the particularly 
serious current environmental issues worldwide. 
Heavy metal ions are one sort of the most 
significant contaminants in water, causing potential 
threat to aquatic lives and humans because of their 

accumulation in food chain [1]. Heavy metal 
contamination of water is a result of industrial 
activities, such as discharges from metal plating, 
tanneries, mining, refineries and paper industries 
[2]. Heavy metals such as cadmium (Cd) are widely 
distributed in water and soils, and can enter food 
chain through crops and threaten human health [3]. 
Long-term exposure to Cd can cause 
malfunctioning of kidneys and liver, cancer, and 
osteoporosis [4]. Additionally, heavy metals are 
prior toxic pollutants that severely limit the 
beneficial use of water for industrial or domestic 
applications [5]. Hence the removal of heavy metals 
from water and wastewater is of particular concern. 

Conventional methods have been used for the 
removal of toxic metal ions from water and 
wastewater, including biological treatments [6], 
ionic liquids [7], chemical precipitation [8], 
membrane filtration [9], and electrolysis methods 
[10]. However, most of these methods have 
disadvantages, including the use of expensive 
equipment and higher energy consumption, which 
limit their application in Cd wastewater treatment. 
Sorption is an effective technology for heavy metal 
removal with the advantages of low cost and 
straightforward design [11]. However, large-scale 
application of this method is limited by the high 
costs for the regeneration and purchase of the 
commercial adsorbents, such as activated carbons. 
In order to overcome the limitations, there is a need 
to extensive research concerning the identification 
of relatively inexpensive and environmental 
friendly adsorbent with significant removal 
efficiency for heavy metals from wastewater. 
Biosorbents have been suggested as potential 
candidates to remove toxic metals from wastewater 
[2]. 

Biochar is pyrogenic black carbon that is 
derived from pyrolysis of biomass in the presence 
of N2 or at oxygen limited conditions [12], and it is 
a potential cheaper adsorbent produced from the 
wastes of agriculture and industry [13]. Recently, 
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many studies have suggested that biochar can be a 
promising sorbent for the sorption of heavy metals 
[13, 14] and organic pollutants [15, 16] from 
wastewater. The structural characteristics and 
sorption properties of biochars have shown good 
sorption capacity to heavy metal ions in water [15]. 
The possible mechanisms of heavy metal sorption 
by biochars depend on the properties of heavy 
metals and biochar, including: (i) ion exchange; (ii) 
chemical precipitation; (iii) surface interactions 
with the free surface oxygen-containing functional 
groups; (iv) coordination of heavy metals with  
electrons (C=C) of carbon; (v) electrostatic 
interaction [14,17,18]. However, to our knowledge, 
little information is available on the utilization of 
cattle manure biochar as a sorbent for sorption of 
Cd in aqueous solution and the sorption 
mechanisms. 

The objective of the present study is to 
investigate the capacity of biochar derived from 
cattle manure to remove heavy metals with Cd as 
the model heavy metal. Batch sorption experiments 
were used to examine the sorption behaviors of Cd 
on the biochar, and the characterizations of the 
before and after sorption biochar were determined. 
Mathematical models assisted the data analysis and 
interpretation of the sorption mechanism. The 
specific objectives of the present research are to: (1) 
determine the sorption characteristics of Cd on the 
biochar, (2) assess the effects of biochar dosage, 
solution pH value, and ionic strength on Cd 
sorption, and (3) discuss the sorption mechanism of 
Cd interaction with the biochar. 
 
 

EXPERIMENTAL 

 
Preparation of biochar. Cattle manure (CM0) 

was collected from a feeding farm in Wuwei, China. 
The cattle manure air-dried for 2 days, and then it 
was dried overnight in an oven at 70-80 °C. The 
manure was ground and then passed through a 0.18 
mm sieve. The cattle manure-derived biochar was 
produced by pyrolyzing cattle manure at 300 °C in 
oxygen-limited conditions using a modified method 
[16]. Briefly, the cattle manure powder (170 g) was 
tightly packed into a ceramic pot, covered with a 
fitted lid, and then pyrolyzed at 300 °C in a muffle 
furnace (KSW 12-11, Shanghai Laboratory 
Equipment Company Limited, China) for 6 h. Then, 
the biochar was washed with 0.1 M HCl, which was 
followed by ionized water flushing until it reached 
a neutral pH. It was subsequently oven-dried at 

80 °C, gently milled, and passed a 0.18 mm sieve 
(80 mesh) prior to further analysis. 0.1 M HCl was 
used to wash the biochar to decrease the pH of 
biochar and to remove dissolved organic matter 
(DOM), some nutrients and carbonates. The biochar 
sample is referred to as CM300, where the suffix 
number represents the pyrolytic temperature. 

 
Characterization of biochar. The ash content 

of biochar was measured by heating the sample at 
800 °C for 4 h. Elemental (C, H, N) analyses were 
performed on a varioELcube elemental analyzer 
(Heraeus, Germany). The oxygen content was 
determined using the mass balance method. The 
atomic (O+N)/C and H/C ratios were calculated to 
evaluate the polarity and aromaticity of the biochar, 
respectively. Fourier transform infrared (FTIR) 
spectra were performed in the 4000-400 cm-1 region 
on a Nexus870 (Nicolte, USA) with a resolution of 
4.0 cm-1 to identify the surface functional groups. 
The specific surface areas were measured by N2 
adsorption at liquid nitrogen temperature using an 
ASAP-2010 surface area analyzer (Micromeritics 
ASAP 2010, USA). Specific surface areas were 
analyzed using the Brunauer-Emmett-Teller (BET) 
sorption methods. The X-ray diffraction (XRD) 
patterns for CM300 before and after sorption of 
cadmium were obtained 
diffractometer (PAN-alytical, Netherland) using Cu 
K  radiation. The surface morphologies of the 
biochars before and after sorption of cadmium were 
examined using scanning electron microscope 
(SEM) imaging analysis with a JSM-5600LV 
scanning microscope (Japan). The surface 
elemental sample composition analysis of CM300 
before and after sorption of cadmium was also 
determined simultaneously with SEM at the same 
surface locations using energy dispersive X-ray 
spectroscopy (EDS, INCA, Oxford Instrument). 
The XPS analysis was performed with an 
ESCALAB 250 xi system (Thermo Fisher 
Scientific, USA). 

 
Batch sorption experiments. The sorption 

kinetics of Cd on CM300 were performed on a 
shaker (CHA-S Shaker, Jintan Danyang 
Instrumental Company, China) at 298 K by placing 
0.1 g of CM300 in a glass bottle with 20 mL of Cd 
solution, which had initial concentration of 50 and 
100 mg/L. The samples were subjected to filtration 
through a 0.45 m nylon membrane filter at 
appropriate time intervals. The Cd concentrations 
were determined using an atomic absorption 
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spectrophotometer (AA110/220, Varian Co. Ltd., 
America). 

Equilibrium isotherm experiments were 
performed at 298 K for initial Cd concentrations 
ranging from 10 to 500 mg/L. The glass bottles 
were shaken for 24 h, and the necessary time for 
shaking was previously determined by the kinetic 
experiments. 

To examine the effect of solution pH values on 
the Cd sorption onto CM300, the Cd sorption 
experiments were conducted with different aqueous 
solutions (pH = 2, 3, 4, 5, 6, 7, 8 and 9), and the 
solution pH value was adjusted with a NaOH or a 
HNO3 (0.1 M) solution. The Cd concentration and 
temperature of sorption were fixed at 50 mg/L and 
298 K, respectively. The effect of CM300 dosage 
on sorption process was examined by adding 
different amounts (0.1, 0.2, 0.3, 0.4, and 0.5 g) of 
CM300 into different glass bottles of which each 
contained 20 mL of a fixed initial concentration of 
Cd (100 mg/L). The bottles were then placed in the 
shaker at 150 rpm for 24 h at 298 K. To examine 
the effect of temperature on the Cd sorption onto 
CM300, the Cd sorption was conducted for 24 h at 
25, 35, and 45 °C. 

The effect of common coexisting cations were 
investigated by adding concentrations ranging from 
0.01 to 0.2 mol/L of NaNO3 and Ca(NO3)2 to 100 
mg/L Cd solutions in the glass bottles and then 
placing them in the shaker at 150 rpm for 24 h at 
298 K. The amount of Cd that was absorbed from 
the aqueous solution was expressed as removal 
capacity per unit mass of biochar (q) as: 

0 e( - )c c V
q

m
      (1) 

where, c0 is the initial concentration of Cd in 
aqueous solution (mg/L), ce is the equilibrium 
concentration of Cd in solution (mg/L), V is the 
batch volume (L) and m is the biochar mass (g). 
The percent of Cd removal efficiency (R) from 
aqueous solution was then calculated from: 

0 e

0

( )
(%) 100%

c c
R

c
    (2) 

 
 
RESULTS AND DISCUSSION 

 
Biochar characterization. Table 1 presents 

the elemental compositions and surface area of 
CM0 and CM300. The biochar yield was 
determined by the final mass without washing after 
pyrolysis by the initial quality. The yield of CM300 

was 40.46%. The elemental composition on a 
dry-ash-free basis was 46.89% C, 3.49% H, 3.39% 
N and 46.23% O. The carbon content was higher in 
CM300 than in CM0, but there were high H and O 
contents in CM0. The elemental ratios of H/C and 
O/C can be used to determine the degree of 
aromaticity and polarity of the biochar sample. As 
shown in Table 1, the H/C and O/C ratios of 
CM300 were much lower than those in CM0. The 
results showed that the carbon chains in CM300 
were extremely unsaturated, indicating that an 
aromatic structure was formed in CM300 due to the 
carbonization of CM0 at high temperature. The 
specific surface area (SSA) and total pore volume 
(TPV) of CM300 were 3.35 m2/g and 0.0184 cm3/g, 
respectively. 
 

TABLE 1 
The element compositions and atomic ratios, 

SSA, and TPV of CM0 and CM300 
 

Sample CM0 CM300 
yield (%) / 40.64 
C (%) 29.42 46.89 
H (%) 4.06 3.49 
N (%) 2.04 3.39 
O (%) 64.48 46.23 
H/C 1.66 0.89 
O/C 1.64 0.74 
(O+N)/C 1.69 0.81 
Ash (%) 35.86 32.11 
pH / 4.87 
SSA (m2/g) - 3.35 
TPV (cm3/g) - 0.0184 

 

Sorption studies. (1) Sorption Kinetics. The 
effect of contact time on the sorption of Cd is 
shown in Figure 1. Figure 1 indicates that the 
sorption of Cd on CM300 increased consistently 
with time and reached equilibrium at approximately 
6 h. Different mathematical models such as 
pseudo-first-order, pseudo-second-order, Elovich 
and intra-particle diffusion models were used to 
describe the sorption kinetics of Cd on CM300. The 
equations for these models are listed below [19]: 

t
1 e t( )

d

dq
q qk

t
 pseudo-first-order    (3) 

2t
2 e t

d
( )

d

q
q qk

t
 pseudo-second-order (4) 

t
t

d
exp( )

d

q
q

t
  Elovich        (5) 

1/2
dt iq t Ck   intra-particle diffusion(6) 

where, qt (mg/g) and qe (mg/g) are the 
adsorbed amount of Cd at time t (h) and at 
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equilibrium, respectively, k1 (h-1), k2 (g/mg/h), and 
kd (mg/g/h-1/2) are sorption rate constants of the 
pseudo-first-order, pseudo-second-order, and 
intra-particle diffusion, respectively,  (mg/g/h) is 
the initial sorption rate,  (g/mg) is the desorption 
constant, and Ci is the intercept reflecting the 
boundary layer thickness. 
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FIGURE 1 

Sorption kinetic data and modeling for Cd on 
CM300 with different initial concentrations 

 
Pseudo-first-order and pseudo-second-order 

models describe the kinetics of solid-solution 
system being based on mononuclear and binuclear 
sorption, respectively, with respect to adsorbent 
capacity. Elovich model is an empirical formula 
that considers the desorption [19]. The best fitting 
parameters of the sorption kinetics models are listed 
in Table 2. As shown, the coefficients R2 of the 
pseudo-second-order model were higher than those 
of the other two models, and the values of qexp were 
closer to the theoretical values that were calculated 
by the pseudo-second-order model, indicating that 
the pseudo-second-order model was the most 

suitable to describe the sorption kinetics of Cd on 
CM300. Hence, the present sorption process of Cd 
onto CM300 was chemisorptions involving rate 
determining step surface sorption. 

To understand the rate controlling process of Cd 
on CM300, the intra-particle diffusion model was 
used to fit the data (Table 3). The intra-particle 
diffusion model permits the determination of 
rate-limiting step in a sorption process [20]. The 
relationship between t1/2 and qt is shown in Figure 2. 
The plots of qt versus t1/2 should be linear if 
intra-particle diffusion is involved in the sorption 
process, and if the resulting straight line passes 
through the origin, then intra-particle diffusion is 
the rate-limiting step in the sorption process. 
Otherwise, the sorption process may involve some 
other sorption mechanisms along with intra-particle 
diffusion [21]. In this study, the resulting lines have 
a nonzero intercept in Figure 2, which indicates that 
the sorption process may be a complex natural 
process that includes both surface sorption and 
intra-particle diffusion [21]. The sorption data 
points were related by two straight lines for Cd 
during the sorption process. The first linear section 
of the data represents the occupation of 
readily-available sites on the biochar surface, and 
the second one may represent very slow diffusion 
of Cd from the surface sites into the inner pores. 
Similar results have been recorded for Cd sorption 
on different biochars [22]. The values of kdi and Ci 
are show in Table 3. The values of kd1 are larger 
than those of kd2, while values of C1 are less than 
those of C2, which indicates that the whole sorption 
process is controlled by intra-particle diffusion of 
Cd in the inner pores of CM300. 

 
 

TABLE 2 
Sorption kinetic parameters for Cd on CM300 

 

c0 
pseudo-first-order  pseudo-second-order  Elovich 
qm k1 R2  qm k2 R2    R2 

50 2.3549 2.2398 0.8291  2.4628 1.5055 0.9485  1.7585 3.6483 0.9082 
100 2.9617 5.1312 0.8204  3.0636 3.0369 0.9901  2.5681 4.9044 0.8471 

 
 

TABLE 3 
The intra-particle diffusion kinetic parameters for Cd onto the CM300 

 
C0 kd1 C1 R2 kd2 C2 R2 
50 1.0809 0.7195 0.9197 0.0759 2.1394 0.8572 

100 1.3832 1.4198 0.9548 0.0531 2.8475 0.7144 
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FIGURE 2 

Intra-particle diffusion plots for Cd onto CM300 
with different initial concentrations 

 
(2) Sorption isotherms. Sorption isotherms 

play an important role in representing how the 
adsorbate molecules distribute between the solid 
and liquid phases under equilibrium state. In this 
study, four typical sorption isotherm models, the 
Langmuir, Freundlich, Langmuir-Freundlich, and 
Temkin equations [19] were used to measure the 
fitness of the experimental data: 

Langmuir equation: 

L em
e

L e1

cq K
q

cK
      (7) 

Freundlich equation:  

1/n
Fe eq cK       (8) 

Langmuir- Freundlich equation:  
n

LF em
e n

LF e1

cq K
q

cK
     (9) 

Temkin equation:  

te elnq cA K       (10) 

where qe is the equilibrium sorption capacity 
of Cd on the adsorbent (mg/g), ce is the equilibrium 
concentration of Cd in the aqueous solution (mg/L), 
and KL is the Langmuir constant (L/mg). KF (L/mg) 
and n (dimensionless) are the Freundlich isotherm 
constants, KF is an indicator of the sorption capacity, 
n is the sorption intensity factor, and qm is the 
maximum sorption capacity (mg/g). Kt is the 
equilibrium binding constant (L/mol) corresponding 

to the maximum binding energy; A is a constant 
related to the adsorption heat and is equal to RT/Bt , 
and the constant Bt is the Tempkin isotherm 
constant. The Langmuir model assumes monolayer 
sorption on the homogeneous surface with no 
interaction between the adsorbed molecules, while 
the other models are semi-empirical or empirical 
equations that are often used to represent 
heterogeneous sorption processes. 
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FIGURE 3 
Sorption isotherm data and modeling for Cd 

onto CM300 
 

The sorption isotherms are shown in Figure 3 
and all the parameter coefficients for the Langmuir, 
Freundlich, Langmuir-Freundlich, and Temkin 
models are presented in Table 4. Based on the R2 
values, the sorption of Cd on CM300 at 298 K was 
well described by the Freundlich model. This 
suggests that the sorption of Cd on CM300 
occurred via heterogeneous process. It can be 
calculated that the maximum theoretical sorption 
capacity of Cd on CM300 was approximately 18.12 
mg/g from the Langmuir isotherm equation. 
Although the BET surface area of CM300 was very 
small (3.35 m2/g), its sorption capacity for Cd was 
much higher, indicating that physical sorption did 
not dominate the sorption of Cd on CM300. 
According to the Freundlich isotherm model, the n 
value (1.6768) of Cd sorption on CM300 was 
between 1 and 10, indicating that the sorption was 
favorable under the selected conditions [23]. 

 
TABLE 4 

Isotherm constants for Cd sorption on CM300 
 

model parameter 1 parameter 2 parameter 3 R2 
Langmuir KL=0.0036 qm=18.1189 RL=0.3571-0.9653 0.9631 
Freundlich KF=0.3011 n=1.6768  0.9671 
Langmuir-Freundlich KLF=0.0045 qm=46.7396 n=1.4301 0.9624 
Temkin A=2.1339 Kt =0.1684  0.5670 
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TABLE 5 
Thermodynamic parameters for Cd sorption on CM300 

 
T K  KL (L/mol) G0 (kJ/mol) H0 (kJ/mol) S0 (J/mol/K) 
298 399.51 -14.8413 

3.1669 60.0371 308 360.25 -15.0744 
318 434.33 -16.0582 

 
 

To determine whether the sorption is favorable 
or not with the Langmuir type sorption process, 
RL q. (11): 

L
L 0

1

1
R

cK
      (11) 

The KL denotes the Langmuir constant and c0 
is the initial concentration. The RL parameter is a 
separation factor and is indicator of the sorption 
[24]. There are four possibilities for the RL value: 
(1) favorable sorption, 0< RL <1, (2) unfavorable 
sorption, RL >1, (3) linear sorption, RL =1, and (4) 
irreversible sorption, RL =0. The values of KL and 
RL for sorption of Cd on CM300 are listed in Table 
4. In this study, the RL values remain from 0.3571 
to 0.9653 for Cd sorption on CM300, suggesting 
that the sorption process was favorable for CM300. 

 
(3) Thermodynamics of sorption. The 

sorption capacity of Cd increased with increasing 
temperature (results are not shown), which 
indicates that the sorption process was endothermic 
and high temperature favors the sorption. The 
sorption isotherms of Cd that were obtained at 298, 
308, and 318 K were used to determine the 
thermodynamic parameters. The standard Gibbs 
free G0), standard enthalpy change 

H0 S0) were 
calculated from the following equations: 

0
LlnG RT K      (12) 

0 00G T SH      (13) 
00

Lln SH
K

RT R
    (14) 

where KL is the Langmuir constant when the 
concentration term is expressed in L/mol, R 
(8.314J/mol/K) is the universal gas constant and T 

H0 S0 are 
obtained from the slope and intercept of the linear 
plots of lnKL versus 1/T. 

The thermodynamic parameters are shown in 
G0 indicate that 

the sorption performance of Cd on CM300 was 
G0 

values with increasing temperature shows that the 
sorption performance was favorable at higher 

G0 in the 
present study are within the ranges of -14.8313 to 
-16.0582 kJ/mol, indicating that the mechanism of 
Cd sorption onto CM300 was primarily physical 
sorption [25]. The positive values of H0 indicate 
that the sorption was endothermic, which revealed 
that the sorption process was more favorable at 

S0 
indicate that the randomness at the solid and 
solution interface increased during the sorption 
process. 

 
(4) Effect of pH value of solution. In the 

sorption process, the solution pH value is generally 
a vital parameter that affects the dissociation of 
functional groups and the surface charge on the 
adsorbent. Additionally, the solution pH value also 
influences the degree of speciation and ionization 
of metal ions in solution [26]. Thus, it is necessary 
to evaluate the optimum pH for the sorption process 
of Cd onto CM300. As shown in Figure 4, a higher 
solution pH (in the pH range from 2 to 8) is more 
favorable for the sorption of Cd onto CM300. 
Specifically, at pH 2-3, the removal efficiency was 
minimum and increased rapidly between pH 3 and 
5. Under strongly acidic conditions, due to the 
existence of a high concentration of H+ ions in 
solution, the surface of CM300 was protonated and 
positively charged; hence the Cd ions cannot move 
toward the positively charged surface of CM300 
due to the electrostatic repulsion. Therefore, less 
removal efficiency was observed at low solution pH 
values. When the solution pH value increased, the 
available sorption sites on CM300 become 
negatively charged. Thus, more Cd ions were 
removed with the increase in solution pH. The 
FTIR spectroscopic analysis shows that CM300 
consists of surface hydroxyl groups (S-OH)n and 
theses surface sorption sites are Lewis-acid type 
functional groups that are effective for Cd ions 
sorption. The S-OH groups on the surface of 
CM300 will attain negative or positive charges by 
the dissociation or association of protons [26]. The 
deprotonation and protonation reactions of the 
S-OH groups can be written as: 
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+
2S-OH+ SOHH     (15) 

S-OH SO +H     (16) 

2S-OH+OH SO +H O    (17) 

The result was further explained by the Cd 
speciation, which is pH dependent in aqueous 
solution. The dominant Cd species below a pH of 8 
are Cd2+, Cd(OH)+ and Cd(OH)2, one of which is 
the predominant ions (M2+) in aqueous solution, 
may undergo solvation, hydrolysis, and 
polymerization, as shown below [27]: 

2 2
2 2M H O M(H O)nn    (18) 

2 2
2 2 -1M (H O) M(H O) (OH) Hn n  (19) 

2 (2 )
2M (H O) M (OH) Hn m

n mn m m (20) 
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FIGURE 4 

Effect of solution pH values on sorption of Cd 
onto CM300 

 
(5) Effect of adsorbent dosage. Adsorbent 

dosage is one of the parameters that significantly 
affect the sorption process in an aqueous solution, 
determining the adsorbate-adsorbent equilibrium of 
a system. This is an important parameter, because 
adsorbent dosage decides the capacity of a 
adsorbent for a given initial concentration of the 
adsorbate [28]. The effect of adsorbent dosage on 
the sorption Cd is shown in Figure 5. As the dosage 
of CM300 increased from 5.0 to 25.0 g/L, the 
amount of Cd adsorbed was doubled (1.53-3.25 
mg/g) before the equilibrium was attained. The 
removal efficiency of Cd decreased from 38.15% to 
16.26%. The number of available sites for the 
sorption of Cd is directly proportional to the 
amount of CM300 used in the measurement. Thus, 

increasing the amount of CM300 could provide 
more number of active sites and, therefore, resulted 
in a linear increase in the number of Cd ions 
adsorbed by CM300 [29]. 
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FIGURE 5 

Effect of adsorbent dosage on sorption of Cd 
onto CM300 

 
(6) Effect of ionic strength. Electrolytes in 

solution play an important role in solute sorption 
because they can affect the electrostatic interactions 
between the adsorbent and the solute and the 
surface charges on the adsorbent. Moreover, the salt 
ions may compete with the solute for sorption on 
the adsorbent [30]. Thus, the effect of ionic strength 
was investigated by adding NaNO3 and Ca(NO3)2 in 
the range of 0.01 to 0.2 mol/L at a 100 mg/L Cd 
concentration. The results are shown in Figure 6. 
The presence of electrolytes has a negative 
correlation with the sorption of Cd onto CM300. As 
the electrolytes concentration increased from 0 to 
0.2 mol/L, the amount of Cd adsorbed decreased 
from 5.09 mg/g to 3.13 mg/g and 5.09 to 1.51 mg/g 
for NaNO3 and Ca(NO3)2, respectively. The 
negative influence of the ionic strength on the Cd 
sorption suggests the possibility of ion exchange 
mechanisms in the sorption process. As the ion 
exchange increases, the active sites on the surface 
of CM300 and the active concentration of Cd 
decrease, causing the interaction between the 
positive charge and the negative charge to become 
weak. Therefore, the sorption capacity for Cd 
decreases. It is theoretically expected that the effect 
of Ca2+ on the sorption would be more evident than 
the effect of Na+ at the same concentration. This is 
may be attributed to the larger positive charge 
number of Ca2+, which inhibits the sorption of Cd2+ 
on the surface of CM300 particles due to the 
competitive sorption between the cationic Cd2+ and 
Ca2+ [31]. 
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Sorption mechanisms. Scanning electron 
microscopy is generally used to investigate the 
morphological features and pore shapes of 
adsorbent materials. SEM (magnification 2000×) 
and EDS of the surface structures of the CM300 
before and after sorption of cadmium are shown in 
Figure 7. A few pores can be found on the thin 
surface of CM300. The data indicate the presence 
of C, O, Si, Mg, Al, and Na on the surface of 
CM300, but Cd was not detected (Figure 7(a)). 
After sorption, Cd was present on the surface 
(Figure 7(b)). 
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Effect of ionic strength on sorption of Cd onto 
CM300 

 

 
FIGURE 7 

SEM image and EDS spectra of before sorption 
CM300 (a) and after sorption CM300 (b) at 

2000× 
 

The corresponding EDS spectra of the focused 
SEM area shows large peaks for cadmium (Figure 
7(b)), which demonstrates the presence of cadmium 
on the surfaces of the CM300 after sorption. This 

strongly suggests that cadmium from the aqueous 
solution absorbed onto CM300 surfaces because the 
SEM-EDS analysis of the CM300 before sorption 
exhibited no cadmium or crystals of this type in the 
original biochar. 

To determine the contribution of chemical 
precipitation for Cd sorption, the original and 
Cd loaded CM300 were scanned by X-ray 
diffraction. The X-ray diffraction analyses of 
CM300 before and after sorption of cadmium are 
provided in Figure 8(a). The sharp strong peaks for 
CM300 indicated that CM300 was primarily 
composed of quartz. These large CM300 peaks are 
consistent with the highest Si and ash contents in 
CM300 (Table 1 and Figure 7). In this study, XRD 
analysis did not detect any crystalline structures in 
either the pre- or post-sorption biochar. This 
indicated that the surface precipitation may not be 
the primary mechanism for Cd sorption by CM300. 
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FIGURE 8 
(a) XRD spectra, (b) FTIR spectra, and (c) XPS 

analysis of pre- and post-sorption CM300 



© by PSP  Volume 25  No. 12/2016, pages 5226-5236   Fresenius Environmental Bulletin  

5234 

The CM300 FTIR spectra displayed a number 
of peaks that indicate its complex nature (Figure 
8(b)). The broad peak at 3394 cm-1 represents the 
bonded hydroxyl of the phenol group. The peak at 
approximately 2923 cm-1 is indicative of aliphatic 

CH stretching. The peaks at 1702 and 1515 cm-1 
are related to the C=O stretching of the carboxylic 
group [32]. The peaks at 1618 and 1103 cm-1 
corresponded to the C=C stretch and the C-O-C 
bonds associated with cellulose, hemicelluloses and 
lignin in biomass, respectively. 

The FTIR spectra of CM300 before and after 
sorption of cadmium show some significant 
differences, indicating that physical and/or 
chemical changes occur due to the Cd sorption. Cd 
sorption changed the peaks of the functional groups 
in CM300. The disappearance of the carboxyl 
stretching bands at 1515 cm-1 and 1702 cm-1 was 
noted in the Cd-loaded CM300 (Figure 8(b)), which 
is typical of the interaction of a carboxyl group with 
metal ions [32]. Furthermore, the peak at 3394 cm-1 
that is due to bonded a hydroxyl group decreased, 
indicating the involvement of hydroxyl groups in 
the Cd sorption. Other studies have shown that the 
sorption of heavy metals by biochars is directly 
correlated with the amount of oxygen-containing 
functional groups [33, 34]. In the present study, the 
Cd sorption by CM300 was attributed mainly to the 
oxygen-containing functional groups. 

The XPS analysis of Cd-loaded CM300 
provided better understanding of the Cd sorption 
mechanism. Compared with the CM300 spectra, the 
XPS spectra of CM300+Cd included the Cd peaks, 
indicating the immobilization of Cd on the biochar 
surface (Figure 8(c)). The XPS and FTIR data 
indicated that functional groups, such as carbonyl 
groups and hydroxyl, were responsible for the Cd 
sorption by CM300. 
 
 

CONCLUSIONS 

 
The sorption of Cd using the biochar that was 

pyrolytically produced from cattle manure was 
investigated. The solution pH value significantly 
affected the sorption characteristics of Cd on the 
biochar. The sorption experiments indicated that the 
pseudo-second-order model fit the kinetic data well, 
while the intra-particle diffusion was not the only 
rate controlling step of the sorption process. The 
sorption equilibrium data were better simulated by 
the Freundlich model. The sorption is more 
spontaneous at higher temperatures, and it tends to 

be endothermic and indicates that randomness at 
the solid/solution interface increased in the internal 
structure of sorption. The sorption of cadmium can 
be attributed to the complexation of Cd with 
oxygen-containing functional group. Utilization of 
the biochar derived from biomass waste can benefit 
the overall process of waste thermal processing. 
Thus, biochar that is pyrolytically produced from 
cattle manure waste is a green cost-effective sorbent 
for the sorption of Cd from aqueous solutions. 
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ABSTRACT 
 
In this study, water and epilithic diatom 

samples were collected from 6 stations selected 
between July 2010- June 2011 
Stream. The most dominant genus in station 1 was 
Navicula (36,42%), in station 2 Navicula (26,86%), 
in station 3 Ulnaria (24,98%), in station 4 Navicula 
(32,6%), in station 5 Cocconeis (15,41%), in station 
6 Nitzschia (
first three stations and station 5, the most dominant 
species was Ulnaria ulna (in station 1 26,21%, 
station 2 25,93%, station 3 24,98%, station 5 
13,73%), in station 4 Achnanthes minitussima 
Brebisson (22,87%) and in station 6 Nitzschia palea 
(Kützing) W.Smith (48,63%). According to 
Physicochemical parameters, the first five stations 
were determined as oligosaprop and station six as 

stream was determined according to diatom taxa by 
using OMNIDIA Software Program. Results show 
that the indices have quite low correlation with the 
chemical variables and that GDI seems to be the 
best while IDAP seems to be the worst for our 
study. Besides, the pollution in station 6 has 
increased according to all indices applied. Although 
GDI yields good results, more work is needed to 
support this. 

 
 

KEYWORDS:  

OMNIDIA, Turkey.  
 
 

INTRODUCTION 

The use of biological data on water quality 
assesments has been increasing in recent years and 
in these studies; fishes [1], macrophytes [2], algae 
[3, 4]  and macro-invertebrates [5]  have been used. 
However, frequently used organisms are 
particularly macro-invertebrates [6]  and diatoms 
[4,7]. Diatom indices have been used both in 
Europe and the remaining of the world. In South 
America [8, 9], Africa [10]  and Asia [11], these 
indices still have been used. Most of the countries, 
use these developed indices on their streams; as the 

others modified the indices according to their own 
ecological status. These indices are based on 
Saprobic Index that suggested by Kolkwitz and 
Marsson [12]  in 1900s. Saprobic index was 
developed by many researchers [13-15]  in time; 
and variations were occured [16, 17]  due to 
calculations within the indices and quality class 
differantials. In Turkey; the first study that Saprobic 

[18]. As in 2000s; the indices using in Europe and 
the world, were applied in Turkey to various 
streams [19-22]. Despite all these applications; in 
Turkey, indices are still a new study area. In recent 
years, indices included in OMNIDIA program, have 
been started to use [23, 24]. There are limited 
numbers of studies in Turkey; and limited numbers 
of researchers have been studying on the subject. In 
this study; the indices included in OMNIDIA were 

evaluated.      
 
 

MATERIALS AND METHODS 

Study Area. 
in Aksu Stream basin and forms Aksu Stream; is 
one of the tirubutaries of Isparta Stream that feeds 
dam lakes of Karacaören I and II. It stems from the 
basin around Gölcük Lake; that is 1300 m high 
from sea level and approximately 5 km southwest 
of Isparta and originates from a crater filled with 
water; and it passes above Dere Street and flow into 
Isparta Stream. Significant part of the tap water of 
Isparta is ensured from springs of  

springs. On the streams, there are two waterfalls 
formed by geological structure. One of the 
waterfalls is named as Bezirgan Waterfall and takes 
place on Dere Street. Following of the waterfall, the 
stream flows on artifically formed stream bed and 
flows along Isparta City which this part named as 

Stream originates by joining of two different 
springs. 1st and 2nd stations are on this two different 
springs, 3rd station is on main branch to detect 
differences after the mixture of these springs. 4th 
station is on following of the first waterfall and 5th 
station is on a site right before the second waterfall.  
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TABLE 1 
Quality classes and mean values of physicochemical parameters according to stations 

 
Parameters 1.station 2.station 3.station 4.station 5.station 6.station 
DO mg/L 6,78 6,38 8,06 8,15 7,05 7,1 
Temperature C0 15,16 15,36 11,45 11,1 14,3 18,95 
pH 8,12 8,04 8,6 8,6 8,19 7,2 
EC μS/cm 298 301 306 388 277 326 
NO3-N mg/L 1,7 1,05 BDL BDL BDL BDL 
NO2-N mg/L BDL BDL BDL BDL BDL BDL 
NH4- N mg/L 0,09 0,06 0,09 0,05 0,05 0,06 
PO4- P mg/L 0,12 0,09 0,2 0,09 0,05 0,13 
Cl mg/L 4,71 3,07 3,23 3,6 2,6 2,6 
BOD5 mg/L 2,18 2,19 1,26 1,9 2,93 3,58 

 
6th 
Isparta Stream. Locations of the stations were 
mapped in arcGIS 10, CBS program (Figure 1). 

 

 
FIGURE 1 

mapped in ArcGIS 3D Analysis software 
 
Environmental Variables. Water samples 

were taken monthly between July 2010  June 2011 
from determinated stations to make 
physicochemical evaluations every month. Samples 
from all stations were taken between in 15th-20th of 
every month. Samples were taken to 1 Lt plastic 
bottles from the points which represent water 
quality at the best level. Water temperature (°C): 
with Testo 915-1 brand oxygen-meter, pH values: 
with WTW pH 330i brand pH-meter, Dissolved 
oxygen (mg O2 L-1 ) : with WTW oxi 340 brand 
oximeter, Electrical conductivity ( S cm-1): with 
WTW cond.330 brand; were measured on site. The 
amount of Chloride ion (Cl- mg L-1): with 
Spectrophotometric method and Merck Nova 60-
14897, Nitrite Nitrogen (NO2-N mg L-1): with 
Spectrophotometric method and Merck Nova 60-
14776, Nitrate Nitrogen (NO3-N mg L-1) : with 
Spectrophotometric method and Merck Nova 60-
09713, Ammonium Nitrogen (NH4-N mg L-1): 
with Spectrophotometric method and Merck Nova 
60-14752, Orthophosphate ions (PO4-P mg L-1): 
with Spectrophotometric method and Merck  

 
Nova 60-14543 kits were used for measuring. 
Biochemical Oxygen Demand (BOI5 mgO2 L-1): 
was measured with oxygen-meter during the 
time on site, by incubating the samples at 20°C 
in the dark for 5 days; by using glass bottles with 
sockets. All of the laboratory measurements were 
performed at Süleyman Demirel University, 
Research and Application Center for Geothermal 
Energy, Groundwater and Mineral Resources. 

 
Biological Elements. Epilithic diatom 

samples were taken from the surface of stones in 
different sizes which generates an area of 
approximately 25 cm2 in total; by scrathing with a 
box cutter or brushing with a toothbrush [25]. 
Samples, that collected into 100 ml glass jars and 
brought back to the laboratory and fixated in 
formaldehyde, were kept for later examination. For 
identifications of diatoms, equal volumes of sulfuric 
acid and nitric acid were added in a part of the 
collected diatom samples and boiled for 15 minutes 
at 1200 C in fume cupboard. Frustules (diatom 
shells), that seperated from organic matter by this 
method, were neutralized by washing with distilled 
water. 10x100 magnification binocular research 
microscope was used for examination of the 
samples and Krammer and Lange-Bertalot [26-29] 
and Cox [30]  were used for identification.  

Neutralized frustules were put into small glass 
bottles for examination. A drop from this 
suspension that put onto a slide, was left to dry. A 
drop of canada balsam was dripped onto dried 
frustules and covered with coverglass and left to 
dry, after borders of the slide cleaned with alcohol. 
Prepared slides were examined by 10x100 
magnification binocular research microscope. 
Diatom samples, both after the washing procedure 
and in alive preparate, were counted. In every 
preparate, there were at least 300 diatom frustules 
and countings were avaraged after the counting 
repeated 3 times. 

Indices were calculated by entering the 
counted diatom species to OMNIDIA 5.3 [31]. 
Calculated indices were: The 
Eutrophication/Pollution Index-Diatom based (EPI- 
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TABLE 2 
Identified organisms and distribution according to stations 

Diatom Taxa STATIONS 
1 2 3 4 5 6 

Melosira varians C.Agardh + + +  + + 
Diatoma hyemalis (Roth) Heiberg + + +  +  
D. mesodon (Ehrenberg) Kützing + + + + +  
D. moniliformis Kützing      + 
D. vulgaris Bory + +  +  + 
Ulnaria ulna (Nitzsch) P.Compère  + + + + + + 
Ulnaria ulna var. acus (Kützing) Lange-Bertalot      +  
Meridion circulare (Greville) C.Agardh + + + + + + 
Achnanthes lanceolata Brebisson + +   + + 
A. minitussima Kützing + + + + + + 
Cocconeis pediculus Ehrenberg + + + + + + 
C. placentula Ehrenberg  + + + + + + 
C. placentula var. lineata (Ehrenberg) Cleve +    + + 
Anomoeoneis sp.  +     
Cymbella affinis Kützing  + +    + 
C. cymbiformis C.Agardh  + +     
C. delicatula Kützing     +  + 
C. helvetica Kützing  +     
C. microcephala Grunow +  +   + 
C. minuta Hilse  + + + + + + 
Gomphonema angutsum C. A. Agardh + +     
G. hastatum (Wislouch) Lange-Bertalot & Reichardt      + 
G. minitum C. A. Agardh    + + + 
G. micropus Kützing + + +  +  
G. olivaceum (Hornemann) Brebisson +  + + + + 
G. olivaceum var. minutissimum Hustedt  +  +  + 
G. parvulum Kützing + +  + + + 
G. truncatum Ehrenberg + +  + + + 
Navicula accomoda Hustedt  +   +  
N. angusta Grunow +   +   
N. cincta (Ehrenberg) Rolfs in Pritchard + +   +  
N. cryptocephala Kützing + + + + +  
N. cryptotenella Lange-Bertalot    +   
N. gregaria Dankin     + + 
N. lanceolata (C.Agardh) Kützing +  + + +  
N. longicephala Hustedt + +     
N. menisculus Schumann + + + + + + 
N. protracta Kützing      + 
N. radiosa Kützing + + + + + + 
N. rhyncocephala Kützing + + + + + + 
N. reinhardtii Grunow + + + + + + 
N. subminuscula Manguin + + + + + + 
N. subrhyncocephala Hustedt    +  + 
N. subtilissima Cleve   +    
N. tripunctata (O. F. Müler) Bory +    +  
N. veneta Kützing + + + + + + 
Pinnularia gibba var. parva (Ehrenberg) Grunow +   +  + 
P. microstauron (Ehrenberg) Cleve +      
P. viridis (Nitzsch) Ehrenberg +  + + +  
Amphora ovalis (Kützing) Kützing  + + + + + + 
A. veneta Kützing      + 
Nitzschia acicularis (Kützing) W. Smith   + + +  
N. amphibia Grunow  + +    
N. brevissima Grunow in van Heurck     +  
N. dissipata (Kützing) Grunow +   +   
N. gracilis Hantzsch  +     
N. frustulum (Kützing) Grunow in Cleve & Grunow +  + + + + 
N. hantzschiana Robenhorst  +     
N. palea (Kützing) W.Smith  + + + + + + 
N. recta Hantzsch ex Rabenhorst  + + +  + 
N. sigmoidea (Nitzsch) Ehrenberg  +   + + 
N. sociabilis Hustedt   +    
N. solita Hustedt +  + +  + 
N. vermicularis (Kützing) Hantzsch   +    
Epithemia adnata (Kützing) Robenhorts     + + 
E. argus Kützing + + + + + + 
Rhopalodia gibba (Ehrenberg) O. Müller + +  + + + 
Surirella brebissonii Krammer ve Lange-Bertalot + + + + +  
Surirella rabusta Ehrenberg + + + + +  
S. ovalis Brebisson  +  + +  
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D), Biological Diatom Index (BDI), Schiefele & 
Schreiner Index (SHE), The Saprobic Index (SID), 
Trophic Index (TID), Watanabe Index (WAT), 
Spesific Pollution Sensitivity Index (SPI), Sladecek 

Leclerq (IDSE), Generic Diatom Index (GDI), 
European Economic Community Index (CEC), 
Trophic Diatom Index (TDI), Pampean Diatom 
Index (IDP), Artois  Picardie Diatom Index 
(IDAP), LOBO Index (LOBO), Hurlimann Suisse 
Index (DI-CH). Indices except CEC, SHE, TDI and 
WAT; are using the formula developed by Zelinka 
and Marvan [17]  SPSS 13.0 [32]  was used for 
Pearson Correlation and Multivariate Regression 
analysis. 

 
 
RESULTS 

decreasing of physicochemical values between 
stations on a regular basis could not be identified. 
Only among pH values; 6th station, according to 
mean value, approaches to neutral while other 
stations are at alkaline condition. The highest 
avarage temperature was determined at 6th station, 
while temperature values were changing by 
depending on seasonal conditions.  Nitrate nitrogen 
at 3rd, 4th, 5th and 6th stations and Nitrite nitrogen at 
all stations were determined as a value below 
dedection limit (BDL). The amount of Cl- was low 
at all stations and the highest avarage value of both 
BOD5 and PO4-P, were determined at 6th station 
(Table 1).  

studied by monthly taken specimens between July 
2010 - June 2011. As a result; 17 genus of epilithic 
diatoms and 70 taxa under these genus were 
identified. Navicula (18) which had the highest 
number of taxa, was respectively followed by 
Nitzschia (13), Gomphonema (8), Cymbella (6),  
Diatoma (4), Cocconeis (3), Surirella (3), 
Pinnularia (3), Ulnaria (2), Achnanthes (2), 
Amphora (2), Epithemia (2), Melosiria (1), 
Meridion (1), Anomoeoneis (1) and Rhopalodia (1) 
(Table 2). 

With dissolved oxygen between DESCY, 
IDSE, GDI, CEE, IPS, IBD, EPI-D and IPD at level 
of p<0,05; with NH4-N, between DESCY and 
LOBO at level of p<0,01, between IPS, SID and 
TID at level of 0,05 and with Cl- between DESCY, 
GDI (negative), IPS, LOBO, SID and TID 
(positive) at level of p<0,05; significant correlation 
was determined. The highest significant correlation 
was determined with EPI-D, while there were no 
correlation with temperature between SLA, LOBO, 
SID and TDI. With pH and between IDAP, SLA 
and TID there were not a correlation at significant 
level while the highest correlation level was 
determined with GDI (Table 4). While there were 
not a determined correlation with electrical 
conductivity between SLA, DESCY, WAT, CEE, 
IDAP, IDP, LOBO and TID; the highest significant 
correlation was with GDI. With all indices and 
between NO3-N, PO4-P and BOD5 there were no 
correlation at significant level was determined 
(Table 3).

 
 

TABLE 3 
Relation between diatom indices and physicochemical parameters according to  

Pearson correlation analysis (n=66) 
 

  DO °C pH Conductivity NO3-N NH4-N PO4- P Cl BOI5 
SLA -0,055 0,089 0,224 0,239 -0,026 -0,101 0,13 -0,028 0,074 
DESCY ,255* -,304* -,606** -0,188 -0,055 -,368** -0,059 -,296* 0,082 
IDSE ,257* -,357** -,490** -,244* -0,049 -0,161 -0,107 -0,148 -0,019 
SHE 0,219 -,281* -,680** -,290* 0,065 -0,046 0,078 -0,118 -0,179 
WAT 0,241 -,284* -,556** -0,225 -0,043 -0,17 -0,007 -0,135 -0,067 
TDI -0,199 ,361** ,341** ,264* 0,108 0,022 -0,089 -0,012 0,199 
GDI ,306* -,328** -,759** -,377** -0,002 -0,183 0,103 -,299* -0,07 
CEE ,289* -0,157 -,393** -0,24 -0,111 -0,182 -0,005 -0,21 0,154 
IPS ,272* -,331** -,715** -,292* -0,027 -,270* -0,003 -,297* -0,056 
IBD ,249* -,327** -,578** -,327** -0,055 -0,216 -0,069 -0,239 -0,043 
IDAP 0,03 -0,047 0,144 -0,056 -0,081 0,108 -0,242 0,045 0,01 
EPI-D -,301* ,358** ,335** ,283* 0,18 0,231 0,162 0,169 -0,038 
DI-CH -0,228 ,265* ,572** ,268* -0,016 0,142 0,065 0,239 0,003 
IDP -,291* ,324** ,557** 0,235 0,049 0,184 -0,037 0,21 0,031 
LOBO -0,147 0,213 ,389** 0,063 0,12 ,390** -0,028 ,265* -0,122 
SID -0,052 0,208 ,525** ,245* -0,088 ,296* 0,109 ,278* -0,025 
TID -0,059 -0,003 0,149 0,093 0,165 ,283* 0,133 ,266* -0,152 

      **correlation is significant at level of  0,01 *correlation is significant at level of  0,05 
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TABLE 4 
Relation between diatom indices and physicochemical parameters according to  

Multivariate regression analysis (n=66) 
 

  R R Square Adjusted R2 Std. Error of the Estimate F Sig. 
GDI 0,771 0,595 0,53 0,42102 9,142 0 
IPS 0,733 0,537 0,463 0,51919 7,225 0 
SHE 0,719 0,517 0,439 0,59091 6,648 0 
DESCY 0,672 0,452 0,364 0,59128 5,132 0 
IBD 0,62 0,384 0,285 0,3285 3,879 0,001 
SID 0,596 0,355 0,252 0,28679 3,427 0,002 
DI-CH 0,594 0,353 0,249 0,71587 3,395 0,002 
WAT 0,58 0,336 0,229 13,60555 3,147 0,004 
IDP 0,578 0,334 0,227 0,43888 3,122 0,004 
LOBO 0,574 0,33 0,222 0,6024 3,064 0,005 
IDSE 0,557 0,31 0,199 0,34899 2,799 0,009 
EPI-D 0,555 0,308 0,197 0,32822 2,771 0,009 
TDI 0,494 0,244 0,122 11,41832 2,005 0,056 
CEE 0,483 0,233 0,11 1,76623 1,894 0,072 
TID 0,419 0,175 0,043 0,35991 1,321 0,247 
SLA 0,397 0,158 0,022 0,25874 1,164 0,336 
IDAP 0,395 0,156 0,021 0,50703 1,152 0,343 

 
TABLE 5 

Physicochemical quality levels and alterations of Evennes and Diversity values 
 

 1. Station 2. Station 3. Station 4. Station 5. Station 6. Station 
Klee (1991) I-II I-II I-II I-II I-II II 
Evennes 0,78 0,86 0,84 0,86 0,88 0,67 
Shannon-Waever 3,08 2,95 2,75 3,08 3,16 2,32 

 
As a result of physicochemical parameters and 

multivariate regression analysis between indices, 
the highest Adjusted R2 value was determined 
(0,53) in GDI. R2 values of the other indices were 
not exceed 0,5. IDAP was the index that has the 
lowest R2 value, followed by SLA (Table 4).  

According to all indices used on determination 
of the water quality, increasing pollution was 
determined at station VI. However, most of the 
diatom indices were determined different levels 
from quality classes that were specified based on 
physicochemical parameters. The majority of 
indices, identified station 6 as polluted or 
exceedingly polluted and first 5 stations as 
moderately polluted. In terms of water quality 
levels provided by physicochemical parameters; the 
most compatible indices were TDI and SLA. All 
stations were identified as oligotrophic to TDI; as 
well as betamezosaprob to SLA. On the other hand; 
in multivariate regression analysis that was 
evaluated based on physicochemical parameters, 
considerably low Adjusted R2 values were 
determined for the both two indices (Table 4). 

 
 

DISCUSSION 

 
 
 

 
according to physicochemical parameters, first 5  
stations were determined as less polluted (Oligo-
betamesosaprob) while 6th station determined as 
slightly polluted betamesosaprobic stream. It was 
determined that alteration was also supported by 
Diversity and Evennes values. The highest value of 
diversity was determined at 5th station and it was 
respectively followed by the stations 1,4,2 and 3. 6th 
station was determined lowest diversity value 
(Table 5). This part of the river is considered to be 
under the effects of urban areas. Moreover, diatom 
index values also indicate increasing of pollution at 
6th station. However, it was detected that increasing 
pollution was at half saprobic level according to the 
assesment of saprobic index.  

When dominance at the stations are evaluated 
in genus level, the dominant species were; %36,42 
Navicula at 1st station, %26,86 Navicula at 2nd 
station, at 3rd station it was %24,98 Ulnaria and  
%32,6 Navicula at 4th station, %15,41 Cocconeis at 
5th station and at 6th station, it was Nitzschia with a 
rate of %55,51. The taxa under Navicula have an 
extensive ecological area [33]. Nitzschia genus 
which was found in sites, where there are 
microbiological recycled materials or abundance of 
nutrients, is common in oxygen-poor and nutrient-
enriched organically polluted waters; in addition, as 
a result of increased pollution, decreasing of the 
taxa which belong to Cocconeis genus was 
observed[34].
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At first 3 stations and 5th station; the dominant 
taxon was U. ulna and had abundancy rate as; 1st 
station %26,21, 2nd station %25,93, 3rd station 
%24,98 and 5th station %13,73.  This species was 
frequently observed at all stations. At stations 4 and 
6, U. ulna was not the dominant species, but still it 
was one of the abundant species. This taxon which 
is not only highly tolerant to pollution but also is 
largely distrubuted, is a very common species; and 
it can be found in areas from mezotrophic to 
polytrophic [35]. At station 4, the dominant taxa 
was A. minitussima with a rate of %22,87. 
According to Harding et al. [36]; A. minitussima 
represents the slightly polluted sites on a stream. To 
Lange-Bertalot [37-39],  A. minitussima is the 
organism that included to quality class I. Also 
Barlas [40]  expressed the similar findings. 
Therewithal, these species are tolerant to organic 
pollution and eutrophication [34]. At station 6, the 
dominant taxon was %48,63 N. palea. Pursuant to 
Cox [30]; N. palea which shows tolerance from 
alpha mezosaprobic to polysaprobic conditions, is 
very widespread organism and it was expressed that 
it can be found in regions which have low nutrient 
content but it will not be in the dominant situation. 
Lange-Bertalot [37]; defined N. palea as a tolerant 
species against intense toxic effects and determined 
that it thrives better in the stream parts which 
included to water quality class II-III and III. But all 
of the diatom species thrive in areas from 
oligosaprobic to mezosaprobic, therefore these taxa 
can be seen in these quality classes.  

When evaluated in terms of relationship with 
physicochemical parameters, the determined 
highest relation was with GDI and lowest with 
IDAP. GDI is easy to use and a simple index that 
evaluates diatoms in genus level, uses 174 taxa 
[41]. By the genus based evaluation of organisms, 
GDI gives ease of application in different regions. It 
was reported by Prygiel and Coste [42]  for slow-
flowing rivers of France and by Kelly et al. [43]  for 
fast-flowing rivers of England that it gave similar 
results; as to Bere and Tundisi [9]  all indices were 
applicable in the region of São Carlos. Kwandras et 
al. [44]   remarked that in the rivers of Poland, IPS 
and GDI gave optimal results; and [45]  stated that 
EPI-D, TDI, %PT, IPS and IDG gave optimal 
results for Central Italy. In studies on Akçay; Solak 
et al. [20]  mentioned that the DESCY index gave 

streams; Kalyoncu et al. [21]  stated that DI-CH and 
TID indices complied more with physicochemical 
parameters. In study on Aksu stream; both SID and 
SLA indices, reflected the water quality alterations 
more accurate [22]. Besides this, according to all 
indices that applied; there were increasing pollution 
at station 6. However, diatom indices show 
deviation as indicated by relation levels with 
physicochemical parameters. According to 
multivariate regression analysis; GDI has the 

highest Adjusted R2 value, but the value (0,53) is 
relatively low. Therewithal water quality levels 
differ according to indices. Pursuant to results of 
physicochemical parameters, both TDI and SLA 
indices seem like the most compatible indices to 
water quality class. All stations are identified as 
oligotrophic to TDI; as well as betamezosaprob to 
SLA. Yet the correlations between physicochemical 
parameters and both TDI and SLA indices are low. 
Between physicochemical parameters and SLA 
there is not a significant relation (Table 4). 
According to GDI; 1st station is classified as quality 
class IV; 2nd, 3rd, 4th and 5th stations are classified as 
quality class III and finally 6th station is classified 
as quality class V. However GDI quality values 
show deviation pursuant to physicochemical 
classification. As mentioned in this study; GDI, 
according to multivariate regression analysis, has 
the best Adjusted R2 value; but to support this 
conclusion, more study is needed. Because; 
saprobic and trophic values were determined by the 
region where the indices were developed and it is 
known that indication weight is calculated 
according to both geographical and ecological 
conditions of the region. 
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ABSTRACT 

This study aimed to synthesize a new 
dithiocarbamate derivative resin with Amberlite 
XAD-4, which is a polysterene divinylbenzene 
copolymer. The applicability of this new resin was 
investigated for the preconcentration of Cd(II), 
Pb(II), Cu(II), Zn(II) and Mn(II). Metal ions sorbed 
on functionalized Amberlite XAD-4 resin were 
eluted with 1 mol L-1 HNO3, and were determined 
with flame atomic absorption spectrometer (FAAS). 
The effects of parameters such as pH, sample flow 
rate, sample volume, type and the concentration of 
the elution solution and foreign ions were examined 
and optimum conditions were outlined. The 
recovery of the metal ions from aqueous solutions 
was determined to be higher than 95% in the range 
pH 4-5. The limit of detection was determined as 
0.0032; 0.0055; 0.0069; 0.0075; 0.0043 μg mL-1 for 
Cd(II), Pb(II), Cu(II), Zn(II) and Mn(II) ions, and 
the limit of quantification was 0.0079, 0.0159, 
0.0188, 0.0254 and 0.0160 μg mL-1 for these ions 
respectively. The accuracy of the method was tested 
with a variety of certified reference materials 
(SLRS4, MESS-3, DOLT-4). The method was 
successfully applied to river and sea water samples. 
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Amberlite XAD-4, dithiocarbamate, trace metals, flame 
atomic absorption spectroscopy, 2-ethylamino ethylamine 
dithiocarbamate (EADTC) 

 
 

INTRODUCTION 

Heavy metals are important hazardous 
chemicals in terms of biological and ecological 
aspects. They cause environmental pollution due to 
their toxic effects and durability when they are 
accumulated on living tissues. Because of the heavy 
metal pollution, which is of the urgent problems to 

be solved today, micro and macro levels of metal 
analysis in such environmental samples as biota and 
sediment, particularly in water, has been of great 
interest [1]. 

Due to its low cost, the most widely used 
technique for the determination of heavy metal ions 
is flame atomic absorption spectrometry (FAAS). 
However, there are two major problems in the 
determination of trace heavy metal ions with FAAS. 
These are low concentrations of metal ions in the 
sample and interference effect of the basic 
components of the sample. Therefore, FAAS is 
alone not satisfactory enough in terms of sensitivity 
for very low trace metal concentrations in 
environmental samples [2]. The direct 
determination of the heavy metals by FAAS and 
electrothermal atomic absorption spectrometry 
(ETAAS) in the samples with very low 
concentrations of analytes requires preconcentration 
and matrix elimination processes in order to 
increase the selectivity and improve the detection 
limit in the analyses of trace elements [3-5]. 

The most commonly used preconcentration 
techniques are co-precipitation, ion exchange, 
solvent extraction, solid-phase extraction, and 
biosorption [6]. The solid-phase extraction is 
widely used in the separation and preconcentration 
of the target analyte of the complex matrices 
containing trace amounts of inorganic and organic 
species[7-9]. It has many advantages over other 
enrichment techniques. A good separation as well 
as high concentration factors is achieved with solid-
phase extraction. Thus, both lower detection limits 
and more reliable results are obtained in the 
determination of inorganic and organic components 
[10].  

Various solid-phase sorbents such as activated 
carbon, Amberlite XAD resins, polymeric fibers, 
Ambersorb, naphthalene, alumina, and silica gel are 
used in the preconcentration of trace metals from 
various media [8, 9, 11, 12]. The development of 
chelating resins in solid-phase extraction has 



© by PSP  Volume 25  No. 12/2016, pages 5245-5252  Fresenius Environmental Bulletin  

5246 

attracted special attention due to its advantages 
including pH control, high selectivity, durability 
and high metal capacity for trace metal enrichment 
[9, 13]. The most widely used solid-phase sorbents 
are styrene-divinylbenzene copolymers with 
hydrophobic surface [14]. Dithiocarbamate type 
ligands are frequently used for preconcentration as 
they form a durable complex with transition metals. 
The metal complexes of dithiocarbamate ligands are 
interesting because of their various structural 
alternatives and biological activities [15]. 

In this study, Amberlite XAD-4 resin was 
modified and a resin of dithiocarbamate derivative 
was synthesized, and the availability of this new 
resin was investigated for the purpose of separation 
and preconcentration in the determination of 
cadmium, lead, copper, zinc, and manganese. The 
applicability of the developed method on synthetic 
samples and environmental samples was tested as 
well. 

 
 

MATERIALS AND METHODS  

Instruments. Metal determinations were 
carried out with AAS (GBC 905, Australia) using 
air-acetylene flame after preconcentration. Single-
element hollow cathode lamps were used as the 
light source. The recommended instrument 
parameter values by the manufacturer were used for 
the elements measured. pH measurements were 
performed with a Mettler Toledo Multi pH meter. 
The study also used a shaker (IKA KS250 model) 
and a centrifuge (Hettich EBA 3S). Deionized water 
18.2 MOhm cm-1 was used from Barnstead Easy 
Pure RF. IR spectra were taken with Perkin-Elmer 
Spectrum One FTIR spectrophotometer. For the 
digestion of SRM, a microwave digestion system 
(Milestone Ethos D, Italy) was used.  

 
Reagents and solutions. 1000 μg mL-1 Cd(II) 

(Sigma 51994), Pb(II) (Sigma 16595), Cu(II) 
(Sigma 38996), Zn(II) (Sigma 18827) and Mn(II) 
(Sigma 119789) in 1% HNO3 were used as metal 
stock solutions. Working standards were prepared 
by diluting the standard solutions with the 
necessary proportions of deionized water. A buffer 
solution (pH 4.5), a mixture of 0.1 mol L-1 sodium 
acetate (67.8 mL) and 0.1 mol L-1 acetic acid (32.2 
mL), were used to buffer the solutions. 1 mol L-1 
HNO3 solution was used for sorbed metal ions 
elution from resin. 

Amberlite XAD-4 resin (Sigma), Acetyl 
chloride (Merck, %>99), 2-ethylamino ethylamine 
(Aldrich, 98%), Aluminum chloride (Merck, 
%>98), 1,2 Dichloromethane (Merck, %>99), and 
carbon disulfide (Merck, %>99.9) were utilized in 
the synthesis of the modified resin. SLRS-4 (river 
water reference material), MESS-3 (marine 

sediment reference material), and DOLT-4 (fish 
liver reference material) were used to test the 
suitability of the method for different matrices. 

 

 
FIGURE 1 

Synthesis and chemical structure of Amberlite 
XAD-4-EADTC resin 

 
 
Synthesis of chelating resin (XAD-4-

EADTC). The synthesis of 2-ethylamino ethyl 
amine dithiocarbamate (XAD-4-EADTC) 
derivative of Amberlite XAD-4 was carried out as 
shown in Figure 1. XAD-4 resin was washed with 
deionized water and methanol before modification. 
Afterwards, it was shaken with methanol on a 
shaker for 24 hours and dried in an oven at 60 °C 
for 48 hours [16]. In the acetylation of XAD-4 
resin, 5.00 g of XAD-4 resin was put into 20 mL of 
1,2-dichloromethane and stirred and 5.62 g (42 
mmol) of anhydrous aluminum chloride. Then, 2.75 
mL (35 mmol) of acetyl chloride was added and it 
was subjected to reaction at 40 °C for 16 hours. The 
product obtained was washed with concentrated 
hydrochloric acid, water, and methanol respectively 
[16]. The product dried under vacuum was made 
into a KBr disk and its FTIR spectrum was 
recorded. 

2.00 g of acetylated XAD-4 resin was stirred 
for 15 min in 25 mL of ethanol, and 5 drops of 
concentrated H2SO4 were added and continued to 
stirring. Ethanol phase was separated with 
decantation. 16 mL of 2-ethylamino ethylamine was 
added in drops to the reaction mixture at room 
temperature [17]. It was refluxed at 125 °C for 7 
days and cooled down to room temperature at the 
end of the reaction. The product was washed first 
with water and then with methanol. After it was 
dried, its IR spectrum was taken. 

2.50 g of XAD-4 imine derivative was stirred 
in 20 mL of 1.0 mol L-1 NaOH for 30 minutes. 5 
mL of CS2 was added, stirred at room temperature 
for 24 hours, and then filtered. It was washed first 
with water and then methanol, and finally, with 
0.10 mol L-1 sodium acetate solution of pH 8.0. 
Then, it was dried in the open air [17]. 

 
Preparation of disc. The filtration apparatus 

of Nalgen trademark with polyethersulphonate of 
0.2 m pore diameter and 50 mm of membrane 
diameter, and 150 mL of reservoir volume were  



© by PSP  Volume 25  No. 12/2016, pages 5245-5252  Fresenius Environmental Bulletin  

5247 

TABLE 1 
Effect of type and concentration of elution agents on the recoveries of  

Cd(II), Pb(II), Cu(II), Zn(II) and Mn(II) ions 
 

Elution 
agent 

Concentration 
(mol L-1) 

Recovery (%)* 
Pb Cd Cu Zn Mn 

HNO3 

0.1 96±1 99±1 89±1 99±1 99±1 
0.5 97±1 98±1 99±2 100±1 100±1 
1.0 99±1 100±2 100±1 99±2 100±1 
2.0 99±1 99±1 97±1 100±1 99±1 
4.0 98±1 96±1 96±1 98±2 99±1 

HCl 

0.1 94±3 100±1 94±2 99±2 98±1 
0.5 99±3 99±1 97±1 100±1 100±1 
1.0 99±1 99±1 99±3 99±2 99±1 
2.0 100±1 97±1 94±1 99±2 100±2 
4.0 97±1 98±1 88±1 93±1 89±1 

     * Results are mean ± standard deviation of three replicate analyses (Elution flow rate: 2 mL min-1) 
 
used in the preparation of the separation disc. The 
synthesized modified resin was placed on the disc 
to fill about 0.2 g of filter surface and analytical 
tests were performed on three parallel extraction 
disc. The extraction disc was conditioned with 
10mL of buffer solution of pH 4.5, because the 
highest recovery for the investigated metal was 
between pH 4 and 5 prior to each separation and 
preconcentration process.  

 
Separation and general preconcentration 

procedure. Disc technique was used for the 
separation and enrichment of metal ions. Adjusted 
to pH 4.5, analyte solutions of 100 mL (0.100 g 
mL-1 for Cd(II) and Zn(II), 0.200 g mL-1 for Cu(II) 
and Mn(II), and 0.500 g mL-1 for Pb(II)) were 
passed through the disc with 2 mL min-1 flow rate. 
Then, 10 mL of 1.0 mol L-1 HNO3 solution were 
passed through the disc with 2 mL min-1 flow rate; 
the metal ions attached to the disc were eluted, and 
the absorbance of the eluate was measured with 
FAAS. The disc was washed with 100 mL of 
deionized water and made available for re-use. 

 
 

RESULTS AND DISCUSSION 

Characterization of (XAD-4-EADTC). FTIR 
spectra of the products in each step of the XAD-4-
EADTC resin synthesis were taken and their 
synthesis reactions were observed. In the FTIR 
spectrum of acetylated XAD-4, the peaks of CH3 
vibrational frequencies at 1262 and 1171 cm-1 and 
deformation peaks at 1352 and 1369 cm-1 as well as 
the peak of C=O group at 1687 cm-1 were observed. 
In the IR spectrum of imine derivative, the peak of 
C=O at 1687 cm-1 of the acetyl derivative 
synthesized in the previous step disappeared and the 
peak of C=N at 1642 cm-1 appeared. A vibration of 
C=N bond was observed at 1637 cm-1 in the FTIR  

 
spectrum of the product obtained during the  
synthesis of dithiocarbamate derivative. The peak at 
1506 cm-1 belonged to C-N bond in CS2-NR group 
and the peaks observed at 1116 and 1083 cm-1 
belonged to C=S bond in CS2 group. 

 

 
FIGURE 2 

Effect of pH (Experimental conditions: 100 mL 
metal solution of Cd, Zn: 0.100 g mL-1, Cu, Mn: 

0.200 g mL-1, Pb: 0.500 g mL-1, 0.2 g resin, 
elution flow rate: 2 mL min-1) 

 
 
Effect of pH on the recovery. As the ligands 

used in chelating resins have weak acidic-basic 
properties, pH is an extremely important parameter 
in the sorption of metal ions. This effect also 
depends on the type of the sorbent used. As shown 
in Figure 2, metal sorption took place in all the pH 
levels tested, but the highest recovery of the metal 
ions occurred within the range pH 4-5.  

 
Choice of elution agents. In this study, 

different concentrations of nitric acid and 
hydrochloric acid were tested as elution solutions. 
High recoveries were obtained in different 
concentrations of both nitric acid and hydrochloric 
acid in the elution of many metals (Table 1). 
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However, 1.0 mol L-1 HNO3 was preferred as the 
elution solution because it is more useful than other 
acids. 

 

    
FIGURE 3 

Effect of sample flow rate (Experimental 
conditions: 100 mL metal solution of Cd, Zn: 

0.100 g mL-1, Cu, Mn: 0.200 g mL-1, Pb: 0.500 
g mL-1, 0.2 g resin, elution flow rate:  

2 mL min-1) 
 
 
Effect of sample flow rate. The recovery 

values from the experiments at different flow rates 
were given in Figure 3. The larger diameter of the 
extraction disc and the smaller mesh size of the 
resin used in the practice increased the contact 
surface, and higher metal sorptions were observed 
at very high filtration rates upper 30 mL min-1. 

 

   
FIGURE 4 

Effect of elution flow rate (Experimental 
conditions: 100 mL metal solution of Cd, Zn: 

0.100 g mL-1, Cu, Mn: 0.200 g mL-1, Pb: 0.500 
g mL-1, 0.2 g resin) 

 
Effect of elution solution flow rate and 

volume. The flow rate of the elution solution needs 
to be fast enough to be time efficient and slow 
enough to allow the quantitative recovery of the 
target species. Generally, higher flow rate requires 
large volumes of elution solution to complete the 
elution. Faster elution causes losses, especially, for 
lead and copper (Figure 4). For this reason, elution 
solution flow rate must be below 5 mL min-1. 

   
FIGURE 5 

Effect of elution volume of solution 
(Experimental conditions: 100 mL metal solution 
of Cd, Zn: 0.100 g mL-1, Cu, Mn: 0.200 g mL-

1, Pb: 0.500 g mL-1, 0.2 g resin, elution flow 
rate: 2 mL min-1) 

 
 

The volumes of 5, 10, 15, and 20 mL of 1.0 mol L-1 
HNO3 solution were used for the elution of Cd(II), 
Pb(II), Cu(II), Zn(II) and Mn(II) ions sorbed on the 
disc, and the results of the recovery values obtained 
were given in Figure 5. The volume of the elution 
solution is very important in terms of enrichment. 
The study observed that more than 95% of the 
metals sorbed in the resin were eluted with 10 mL 
of 1.0 mol L-1 HNO3 solution (Figure 5). The lead 
was eluted later than other metals which might be 
due to stronger interaction of the sulfur in 
functional group with Pb(II) of a soft character and 
to its sorption in a wide pH range below the 
optimum pH value compared to other metal ions. 

 
Sorption capacity of resin. Total sorption 

capacity of resin was determined by the interaction 
of 100 mL solutions of Pb(II), Cd(II), Cu(II), Zn(II) 
and Mn(II) ions at 50 g mL-1 concentration with 
0.200 g of resin. The solution was separated by 
filtration from the resin saturated with excessive 
amounts of metal, and the metals sorbed were 
eluted with 1.0 mol L-1 HNO3 solution. Both 
filtration and elution solution absorbance were 
measured with FAAS after necessary dilutions and 
the sorption capacity was calculated for each metal. 
The sorption capacities of XAD-4-EADTC resin for 
Pb(II), Cd(II), Cu(II), Zn(II) and Mn(II) ions were 
found as 0.29; 0.20; 0.26; 0.17 and 0.15 mmol g-1 
respectively. 

 
Resin re-usability test. Resin stability and re-

usability are very important in practice. The 
stability of XAD-4-EADTC resin was determined 
by examining the change in resin sorption capacity 
after the re-use of the same resin. For this reason 
the resin was stored in room conditions for more 
than six months and its durability and stability were 
tested by filtrating more than 100 liters of metal 
solution in total.
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It was observed that metal sorption capacity of the 

period. The stable results of the resin in a long time 
practice proved that it had re-usability advantages. 

 
Influence of diverse ions. The presence of 

diverse ions in high amounts in natural samples can 
implement a problem by interfering in solid-phase 
extraction applications. The developed method was 
applied to 0.250 μg mL-1 of Cd(II), Cu(II), Zn(II) 
and Mn(II) solutions and 0.500 μg mL-1 of Pb(II) 
solution by adding diverse ions, Na+, K+, Ca2+ and 
Mg2+, Cl- and SO4

2- each with 50, 100, 250, 500, 
1000, 5000 and 10000 μg mL-1, and diverse ion 
concentrations, which change the analyte ion 
concentration as ±5%, were determined. The results 
obtained in the presence of these ions were given in 
Table 2. When the obtained values were evaluated, 
it was observed that the tolerance limits detected for 
the method were higher than the concentrations of 
anions and cations in water samples. Therefore, the 
study concluded that the method could be used for 
real samples.  

 
Sorption kinetics and loading half-time. 

Equilibrium time is defined as the time required for 
metal sorption to reach 99-100%. The time required 
for sorption to reach 50% of the total sorption 
capacity is known as loading half-time (t1/2). In 
order to determine the effect of contact time on 
metal sorption, 50 mL metal solutions with 30 
μg/mL of concentration were adjusted to pH 4.5 
and buffered with 1.0 ml of buffer solution. Then, 
they were put into a capped tube, shaken for 1, 3, 5, 
10, 20 and 40 min, passed through the disc at a 
speed of 30 mL min-1, and the metals sorbed by the 
resin were eluted with 50 mL of 1.0 mol L-1 HNO3. 
The absorbance of the samples was measured with 
FAAS after necessary dilutions. The study 
concluded that the equilibrium time for the metals 
examined was 20 min. However, the results 
revealed that the time required for the sorption of 
50 % of the metals was less than 2 min (Figure 6). 

Short equilibrium time shows that the interaction of 
the chelating groups of the modified resin with 
Cu(II), Cd(II), Zn(II), Mn(II) and Pb(II) ions is fast. 

 

 
FIGURE 6 

Effect of contact time on metal sorption 
(Experimental conditions: 50 mL metal solution, 

30 g mL-1 metal ion, 0.2 g resin) 
 
 
Preconcentration factor and break-through 

capacity. High preconcentration factor is one of the 
major advantages for analytical methods. The 
highest sample volume that can be used in 
environmental samples containing very low 
concentrations of metal ions is an important 
parameter to be examined in order to obtain high 
preconcentration factor. In order to determine metal 
sorption changes related to sample volume, several 
experiments were made up to 2000 mL and over  
95% of metal recovery were found. 

 
Analytical features and applications of 

method. The limit of detections (LOD) were 
determined as the concentration corresponding to 
the absorbance value taken by adding 3 times of the 
standard deviation to the mean absorbance value of 
20 blank samples. Additionally, the limit of 
quantification (LOQ) were determined as the 
concentration corresponding to the absorbance 
value taken by adding 10 times of the standard     

 
TABLE 3 

The analysis results of standard reference materials 
SRM  Cu Mn Zn Pb Cd 

MESS-3 
(μg g-1) 

Value of Certification 33.9±1.6 324±12 159±8 21.1±0.7 - 

Value obtained 32.8±1.2 320±10 161±8 20.8±1.1 - 

Recovery (%) 97.8±3.4 98.8±3.3 101±5 98.6±5.4 - 

DOLT-4 
(μg g-1) 

Value of Certification 31.2±1.1 - 116±6 - 24.3±0.8 

Value obtained 30.5±1.2 - 119±7 - 23.8±1.0 

Recovery (%) 96.3±3.7 - 103±6 - 97.9±3.9 

SLRS-4 
(μg L-1 ) 

Value of Certification 1.81±0.08 3.37±0.18 - - - 

Value obtained 1.75±0.12 3.23±0.19 - - - 

Recovery (%) 96.8±6.6 95.9±5.9 - - - 
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TABLE 4 
The values obtained for spiked water samples 

Analytes 
 

Added amount 
(μg) 

Obtained value* Recovery 
(%) 

Cd 
0 < LOQ - 
10 10.18±0.25 98.8±2.5 
20 20.68±0.27 98.9±1.3 

Pb 
0 < LOQ - 
10 10.51±0.53 102.1±3.2 
20 20.68±0.55 101.3±2.8 

Cu 
0 2.52±0.16 - 
10 12.45±0.54 99.3±5.4 
20 22.26±0.63 98.7±3.1 

Zn 
0 20.61±0.91 - 
10 30.35±1.02 97.0±10 
20 40.64±0.86 99.9±4.2 

Mn 
0 9.33±0.27 - 
10 20.28±0.33 109.5±3.2 
20 29.68±0.34 101.7±1.7 

* N:3 )( sX  (Experimental condition: Sample volume 100 mL, eluent volume 10 mL). 

 
TABLE 5 

The values of the Cd, Pb, Cu, Zn, and Mn in some river waters and the sea water (Black Sea) 

Sampling Location 
Concentrations (μg L-1) 
Cd Pb Cu Zn Mn 

Çoruh River < LOQ < LOQ 1.94± 0.15 3.01±0.10 6.17±0.22 
Beyazsu Stream < LOQ < LOQ 2.85± 0.16 21.83±0.57 12.98±0.36 

 < LOQ < LOQ 1.32± 0.12 12.06±0.58 6.95±0.23 
 < LOQ < LOQ 1.19±0.13 15.72±0.63 11.47±0.24 

Black Sea Water (Surface) 1.11±0.12 2.10±0.21 3.91±0.18 8.41±0.15 1.81±0.27 
Black Sea Water (200 m) 1.23±0.14 1.96±0.22 3.77± 0.14 7.72±0.32 252 ±9 

(Experimental condition: Sample volume 1000 mL, eluent volume 10 mL, preconcentration factor: 100). 
 

deviation to the mean absorbance value of 20 blank 
samples. LOD and LOQ were 0.0032, 0.0055, 
0.0069, 0.0075 and 0.0043 μg mL-1 and 0.0079, 
0.0159, 0.0188, 0.0254 and 0.0160 μg mL-1 for 
Cd(II), Pb(II), Cu(II), Zn(II) and Mn(II), 
respectively.  

Through the method applied with the 
synthesized dithiocarbamate derivative of resin, a 
linear relationship was observed in the range of 0-1, 
0-5, 0-2, 0-1, 0-2 μg mL-1 concentration for Cd, Pb, 
Cu, Zn and Mn and R2 values were found as 
0.9980, 0.9994, 0.9991, 0.9992, and 0.9996 
respectively. 

The method was applied to MESS-3, DOLT-4 
and SLRS-4 standard reference materials in order to 
test its accuracy. MESS-3 and DOLT-4 were 
digested under pressure in microwave system 
before preconcentration. The results obtained were 
given in Table 3. The results were found to be 
consistent with the certificate values (p<0.05) and 
the accuracy of the method was found to be 
analytically acceptable. In order to determine the 
accuracy and the validity, the method developed 

was applied to the water samples with metal spiked, 
and the results obtained are given in Table 4. 

Water samples taken from Çoruh (Artvin-
-

Turkey) rivers and Beyazsu stream (Rize-Turkey) 
ous cellulose ester 

filters. The separation and preconcentration 
processes in water samples were carried out by 
applying the method developed. The same 
procedure was applied to the samples of sea water 
taken with Nansen bottles from the surface and a 
depth of 200 m at 40°58.662' N - 39°51.275' E of 
the Black Sea (Table 5). 

 
 

CONCLUSIONS 

Compounds of sulfur-containing functional 
groups act as selective ligands forming stable 
complexes with transition metals. Therefore, resins 
of dithiocarbamate groups are used effectively to 
keep a lot of heavy metal ions. Another advantage 
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is that dithiocarbamate resins show very little 
affinity to the alkali and alkaline earth materials 
[18]. As a result, new synthesized XAD-4-EADTC 
resin could be used in the preconcentration and 
separation of Cd(II), Pb(II), Cu(II), Zn(II) and 
Mn(II) ions in natural and synthetic samples. In 
addition, since the method developed in this study 
was applied to environmental samples, it could 
contribute to other studies on analysis of trace 
elements as an alternative treatment in terms of 
routine work. 
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ABSTRACT 

Heavy metal concentrations of Zn, Cr, Cd and 
Cu were investigated using flame  Atomic 
Absorption Spectrophotometer (AAS) in liver, gills 
and muscles of three mesopelagic fish species from 
the northern Gulf of Aqaba (Argyrops filamentosus, 
Argyrops spinifer and Polysteganus 
coeruleopunctatus) collected during the period from 
21/6/2014 to 15/1/2015. The results did not show 
any significant difference between different fish 
species, yet liver was found to be the major organ of 
bioaccumulation of Zn, Cr, Cd and Cu followed by 
gills, whereas muscles were found to have the lowest 
level of bioaccumulation. The levels of metal 
concentration of the present study were generally 
lower or within the ranges of those found in the fish 
of the Red Sea. After all, fish of this study were 
found to be safe for consumption and do not pose a 
significant threat to the health of human consumers. 

 
 

KEYWORDS: 
Heavy metals, Fishes, Levels, Concentrations, Aqaba, Red 
Sea 
 
 
INTRODUCTION 

Heavy metals constitute one of the most 
insidious and dangerous pollutants known to human. 
They are now considered to be among the most 
effective environmental contaminants, and their 
release into the environment has increased since the 
last decades, threatening all creatures and the 
environment. Heavy metals are not readily converted 
into harmless components; they are often 

excrete them [1]. 
Bioindicators are species that can be used to 

monitor the health of an environment or ecosystem. 
They are any biological species or group of species 
whose function, population, or status can reveal the 
qualitative status of the environment. Recently, 
biological organisms such as fish, molluscans, and 
eechinoderms have been used as indicators for 
quantitative heavy metal concentrations in their 
different tissues or organs. 

There are many reports about fish 
contamination by chemicals in the marine 
environment [2]. Fish may concentrate large 
amounts of metals from water and they might be 
toxic for human consumption [3]. According to [4] 
heavy metals may enter fish bodies by three possible 
routes, through the body surface, gills and the 
digestive tract. However, fish are the major part of 
the human diet, fishes are situated at the top of the 
aquatic food chain therefore they accumulate heavy 
metals from food, water and sediment which is one 
of the most dangerous aspects of pollution [5, 6]. 

Several studies reveal a susceptibility of the 
Gulf of Aqaba to metal pollution [7, 8, 9, 10, 11, 12, 
13, 14, 15, 16], these studies stated that the Gulf of 
Aqaba is surrounded mostly by dry desert lands, 
thus, it has a great chance to get polluted with metals 
carried by air winds[17], in addition to that, the 
development of Aqaba city after the declaration from 
the Jordanian authority that Aqaba city is special 
economic zone authority in the year 2000, and the 
large human activity that affected the landscape and 
marine ecosystem increased the probability to raise 
the level of heavy metals in the marine biota. This 
study aims to provide knowledge and establish data 
base of the levels of heavy metals in three species of 
the family Sparidae: Polysteganus 
coeruleopunctatus, Argyrops spinifer and Argyrops 
filamentosusthat live in mesopelagic water and are 
consumed  community. 
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FIGURE 1 

Gulf of Aqaba, with its semi-enclosed nature 
 

MATERIALS AND METHOD 

Study Area. The Gulf of Aqaba is located at 
the east fork of the Red Sea (Figure 1). Its coasts are 
shared by Jordan, Palestine, Egypt and Saudi Arabia. 
The Gulf contains the only port for Jordan, Aqaba 
port, which the Gulf is named after. The Gulf 
biodiversity is unique, and some species are endemic 
to the area. It gained a high and unique biodiversity 
due to its semi enclosed nature, which also makes it 
more susceptible to pollution with these metals. 
After the year 2000, Aqaba was declared as a special 
economic zone. The chance for pollution to occur 
has increased in the Jordanian sector of the Gulf of 
Aqaba, especially the chance for metal pollution due 
to the developments that were made along the 
coastline of the Gulf, represented by the projects 
carried out in different fields such as industry and 
tourism [16]. 

 
Sample collection.Fifteen fish from each 

species were collected by professional fishermen 
using fish traps, long line with about 120 hooks and 
short long line with about 20 hooks from areas along 
the Jordanian coast of the Gulf of Aqaba (located at 
the most northern corner of the Gulf (latitude N29° 
30 137` and longitude E 34° 59 200`) (Fig. 1). Fish 
samples were placed in clean plastic bags and carried 
to the laboratory of the Marine Science Station., each 
fish was washed by distilled water, to get rid of any 
remnants of trace metals on the outer surface of the 
fish. After that, the samples were dissected using a 
stainless steel knife. Samples of each of the 
following organs were taken: liver, muscle, and gills 
then placed in clean plastic bags and kept under -
20°C for further analysis [13]. 

 

Sample treatment and digestion. 
Samples of liver, muscle and gills were dried using 
oven for 24hrs to obtain a constant weight. Sub 
sample from each organ (0.1-0.5 mg/ dry. wt.) were 
burned using muffle furnace at 550oC, after that 
samples were cooled to room temperature and then 
digested in acid cleaned jars with hot concentrated 
nitric acid to release heavy metals. The organic 
materials in each sample were completely digested. 
The digests were allowed to cool, filtered through a 

The filtrate was 
transferred to 25 ml volumetric flasks and made up 
to mark with 1% nitric acid and diluted with double 
distilled water to 25 ml. The digests were kept in 
plastic bottles, heavy elements, Cu, Cr, Cd and 
Znconcentrations were determined using Atomic 
Absorption Spectrophotometer (AAS) (modified 
form [18] available in Marine Science Station. Metal 

-1 dry weight [18]. 
 
 
RESULTS 

Table (1) show the mean concentration ± 
Standard Deviation (S.D) of the four elements, Cu, 
Cr, Cd and Zn in the selected organs,(liver, muscle 
and gills) of the three mesopelagic fish A. 
filamentosus, A. spinifer and P. coeruleopunctatus.   

Figure 2 shows the mean concentration of Cu, 
Cr, Cd and Zn in all sampled organs ± Standard 
Deviation. Liver was found to be the major organ of 
cupper bioaccumulation (p < 0.05), with mean 
concentration of 15.21 μg/g, followed by the Gills, 
with mean concentration of 4.35 μg/g, and Muscles 
with mean concentration of 0.99 μg/g. Liver was 
found to be the major site of Chromium 
bioaccumulation, with mean of 30.59 μg/g (p < 
0.05), followed by the Muscles, with mean 
concentration of 16.8 μg/g, and Gills with mean 
concentration of 16.57 μg/g (p < 0.05).  Liver was 
found to be the major site of Cadmium accumulation 
with mean of 6.66 μg/g (p < 0.03), followed by the 
Gills, with mean concentration of 6.22 μg/g, and 
Muscles with mean concentration of 4.17 μg/g (p < 
0.05). Liver was also found to be the major site of 
Zinc bioaccumulation, with mean of 281.2 μg/g, 
followed by the Gills, with mean concentration of 
205.42 μg/g, and Muscles with mean concentration 
of 94.7 μg/g. 

Figures ( - ) summarize the results of the 
investigated metals (Cu, Cr, Cd and Zn) with the fish 
species (A. filamentosus, A. spinifer and P. 
coeruleopunctatus). The results showed that the fish 
species had no statistical significant effect on all of 
the metal concentrations. 
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TABLE 1 
Mean concentration (μg/g) ± S.D of Cu, Cr, Cd and Zn in, Liver, Muscle and Gills of A. filamentosus,  

A. spinifer and P. coeruleopunctatus. 
Fish species                Element 

Organ 
Cu Cr Cd Zn 

 
Liver 

 
26.36 ±32.15 34.01±22.10 7.57±3.26 234.73±118.90 

A.filamentosus 
Muscle 0.39±0.20 17.97±8.19 4.34±0.17 200.74±116.66 

 Gills 7.38±3.80 14.98±2.98 6.57±0.28 230.80±49.77 
 Mean±S.D 11.38±12.05 22.32±11.09 6.06±1.24 222.09±95.11 
 Liver 10.31±7.69 21.92±12.35 6.33±2.85 286.69±171.72 
A. spinifer Muscle 1.32±0.83 13.49±0.81 4.17±0.23 123.62±18.18 
 Gills 3.22±1.23 11.99±6.72 6.21±0.32 204.74±48.18 
 Mean±S.D 4.95±3.25 15.8±6.63 5.57±1.13 205.02±79.36 
 Liver 8.96±3.90 35.83±30.53 6.07±2.71 322.18±124.94 
P.coeruleopun
ctas Muscle 1.24±0.53 18.93±7.19 3.99±0.21 80.06±20.15 
 Gills 2.44±0.65 22.74±16.21 5.87±0.25 180.73±29.65 
 Mean±S.D 4.21±1.69 25.83±17.98 5.31±1.06 194.32±58.25 
  

Permissible Limit 37500* 100** 1250* 125000* 
* [19] 
**[20]  
 

 
FIGURE 2 

Mean concentration (μg/g  ± S.D of Cu, Cr, Cd and Zn in Gills, Livers and Muscles of the three fish 
species. 
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FIGURE 3 

Mean concentration (μg/g  ± S.D of Cu in different fish species 
 
 

 
 

 
FIGURE 4 

Mean concentration (μg/g  ± S.D of Cr indifferent fish species 
 
 
 
 

 
FIGURE 5 

Mean concentration (μg/g  ± S.D of Cd indifferent fish species 
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FIGURE 6 

Mean concentration (μg/g  ± S.D of Zn in different fish species 
 
 
DISCUSSION 

The assessment and determination of the levels 
of heavy metals in commercial fish species have 
reached a considerable level of attention in different 
countries and organizations around the world 
because of the toxicity of heavy metals and their 
accumulation in biota. This interest aimed to insure 
the safety of the food supply, to minimize the 
potential hazard effect on human health and to 
evaluate ecosystem situation. 

Our results revealed that, there is no significant 
difference between heavy metal concentration and 
different fish species of this study; this could be due 
to the same feeding habits of the three demersal 
mesopelagic fish species. Several studies showed 
that the feeding habits play an important role in the 
final metal concentrations of different fish 
species.[8], found significant differences in heavy 
metal concentrations in six coral reef fish species 
from the same areaof different feeding habits, from 
piscivorous species such as the lizardfish (Synodus 
variegates) to those feed on invertebrates, such as the 
goatfish (Parupeneus barberinus), or on algae, such 
as the Sergeant Major fish (Abufefduf saxatilis). In a 
study on three species, Oreochromis mossambicus; 
an omnivore fish, Ophiocephalus striatus; a 
piscivore fish and Heteropneus tesfossilis; a 
detritivore fish, it was found that the piscivore had 
the highest bioaccumulation for all metals that were 
measured because of the bio-magnification factor, 
except for Fe and Mn, which were the highest in the 
detritivore species, which might be due to very high 
levels in the sediments [21].  

Our results indicated that, metal concentration 
vary among different fish organs. It was found that 
the livers of a three commercially important fish 

species studied had higher levels of Cu, Cr, Zn and 
Cd compared to muscle tissues and gills. The lowest 
concentrations were measured in muscles. The high 
accumulation of heavy metals in the livers of the 
three species of this study has likewise been reported 
in numerous studies [14, 15, 22, 23]; these studies 
suggested that the liver plays an important role in the 
metabolic processes of heavy metals in fishes. 
According to [24], muscles are primary part of metal 
intake, the liver is an organ that specializes in metal 
storage and detoxification, and the gills are directly 
exposed to the surrounding environment. Our results 
are in accordance with the study of [13], where the 
researchers reported that muscles have the lowest 
concentration of metals in most of the nine species 
that were studied, while stomach and liver had the 
highest. Also, our results are in accordance with the 
study by [14], they indicated significant differences 
for most of the heavy metal elements among 
different organs of the same species, particularly the 
presence of low concentrations of Cu, Pb, Zn, Cd and 
Fe in the muscles of D. macarelleus and low 
concentrations of Ni, Pb, Zn and Fe in the musclesof 
D. macrosoma. Similarly, in D. russelli the lowest 
concentration of Cu, Pb, Zn, Cd and Fe were found 
in muscles. In contrast, [15], found that, Cu, Pb, Cd 
and Fe were mainly concentrated in the liver and 
kidney, he found that there are no significant 
differences in the concentrations of metals between 
the two fish species Caesio varilineata and Caesio 
lunaris, but it was found that different organs have 
concentrated different metals. [23], studied trace 
element concentrations in the livers and muscles of 
E. affinis collected from Malaysia, and found that 
almost all elements have higher concentrations in the 
liver than those in the muscles, especially Zn, were 
they found that E. affinis had extremely high level of  
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TABLE 2 
Heavy metals in muscles (mg/g) of fish from the Red Sea and other regions. 

Fish Species Site Cu Zn Cr Cd Reference 
Acanthopagurus 
bifaclatus 

Red Sea 0.51 4.34 0.72 0.26 [32] 

Ctenochaetus striatus Gulf of Aqaba 
Red Sea 

0.87 21.38 1.36 0.83 [12] 

Lethrinus sp.  Red Sea 0.40 8.00 0.34 0.45 [29] 
Scomberomrus 
commerson 

Yemen  
Gulf Aden  

1.3 8.00 0.9 0.39 [33] 

Boops boops Black Sea  3.08 6.81 0.22 0.10 [34] 
Thunnus thynnus Mediterranean 

Sea 
1.01 16.54 0.74 0.05 [35] 

Nemipterus japonicas Hurghada 
Red Sea 

0.28 2.13 0.82 0.02 [36] 

Caranxsex faciatus Jeddah coast 
Red Sea 

0.91 5.33 0 0.9 [31] 

Zn in liver compared to the muscles. Liver had the 
highest level of Mg, this could be related to the role 
of Mg in the detoxification reactions in the liver, as 
a cofactor for enzymes that catalyze phase II 
detoxification reactions.  

According to [25], muscles are not an active 
site for metal biotransformation and accumulation, 
but in polluted aquatic habitats the concentration of 
metals in fish muscles may exceed the permissible 
limits for human consumption and imply severe 
health threats. To assess public health risk of fish 
consumption in the Gulf of Aqaba, we compared 
metal levels in muscles of the current study with the 
maximum permissible limits for human 
consumption reported by [26]. The metal 
concentrations in the examined fish species from the 
Gulf of Aqaba were below the permissible limits for 
human consumption. The results from previous 
literatures (Table 2) were somewhat closer to or 
lower than our obtained concentrations for other fish 
species. For instance, [27], recorded the 
concentrations of Cd, Pb, Cu and Zn in the muscles 
of Sardinella aurita, Sardinella. rivulatus and 
Synodus saurus from two main harbors in 
Alexandria, Egypt, who reported metal levels much 
higher than those recorded in the same species of the 
current work. In addition, metal levels in the present 
study were generally lower or within the ranges of 
those found in the fish of the Red Sea recorded by 
[28, 29, 30, 31]. After all, fishes of this study were 
found to be safe for consumption and do not pose a 
significant threat to the health of human consumers. 

 
 

CONCLUSIONS 

Heavy metals concentrations in the three 
studied fish species were within the same range or 
lower than other species from previous studies in the 

Jordanian water or elsewhere. 
The results showed that metal accumulation 

varied between organs, the highest concentrations 
was for livers and the lowest concentrations for 
muscels, which agrees with the previous studies for 
the other fishes of the Gulf of Aqaba in which liver 
is the sink of these heavy metals, andthe 
detoxification site.The results showed that the 
studied heavy metals accumulation did not vary 
between species. The heavy metals concentrations in 
the examined fish species from the Gulf of Aqaba 
were below the permissible limits for human 
consumption reported by WHO, (1989). 
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ABSTRACT 
 
GF-1 is a China s new high- resolution remote 

sensing satellite, which is characterized by high 
temporal and spatial resolutions as well as wide 
coverage. It provides new satellite resource to 
accurately and effectively monitor leaf area index 
(LAI). In this study, the monitoring of LAI was 
conducted with different land cover types during two 
times (July 26th ~July 30th, 2014, and July 
28th~August 5th, 2015), with the adoption of the 
Poyang Lake basin as the study area. Then the linear 
and nonlinear correlation analyses were conducted 
on the measured LAI data and the corresponding 
single-band data of GF-1 as well as 8 vegetation 
indexes (VIs). By constructing the LAI remote 
sensing inversion model, the high-accuracy LAI data 
were extracted. The research results indicate that, the 
data in the BLUE, GREEN, RED bands of GF-1 
have high correlations with each other (R>0.89), but 
the data in near-infrared (NIR) band of GF-1 have 
poor correlations with the data in other three bands 
(R<0.3). The NIR and RED bands has strong 
reflection and absorption capacities separately, 
which is connected with the plant s spectral 
characteristics. LAI is negatively correlated with the 
reflectivity data in the BLUE, GREEN, RED bands 
of GF-1 but is positively correlated with VIs and the 
reflectivity data in the NIR band of GF-1. Most VIs 
are superior to single-band models in terms of the 
inversion of LAI. However, using the exponential 
model, the correlation between NDVI and the 
measured LAI is largest (R2=0.744 and RMSE = 
0.303). The results satisfy F test and have significant 
correlations. Accordingly, GF-1 satellite data is 
applicable to the monitoring of LAI with a high 
resolution over large areas.  

 
 

KEYWORDS: 
Leaf area index (LAI); GF-1; Remote Sensing; Vegetation 
indexes; Poyang Lake 

 
 
 

INTRODUCTION 
 
Vegetation is a key component of the earth s 

ecological system, which temporal and spatial 
variations are quite crucial for global or regional 
climate changes as well as environmental 
management. Leaf area index (LAI) is a main 
variable parameter for the monitoring of vegetation, 
which controls the plants  many processes such as 
photosynthesis, respiration, transpiration and 
precipitation interception. Furthermore, LAI is an 
important input parameter in ecology, hydrology, 
meteorology and biogeochemical models. Leaf area 
index (LAI) is defined as one half of the total green 
leaf area per unit horizontal ground surface area [1]. 

How to accurately and effectively gain LAI has 
become a key question in many studies, and 
therefore, the monitoring of LAI over a large area 
based on the remote sensing data is very significant. 
Currently, it is an efficient way to extract LAI 
information based on satellite remote sensing data, 
and many global LAI products using the data 
collected by MODIS, SPOT, GLASS, AVHRR and 
IRC-TIP satellites have been developed[2-6]. Most 
of LAI data were acquired using the medium- 
resolution or high-resolution remote sensing data 
with the spatial resolution above 30 m, such as 
Landsat TM and ETM+ [7], HJ-1A/1B[8] and 
ASTER [9]. Owing to their easy accessibility, these 
data have been widely applied in the LAI studies. 
Nevertheless, these satellite data cannot satisfy the 
requirements in the studies of LAI on a small scale. 
For the small regions with great spatial heterogeneity, 
the data with a high spatial resolution are required 
for accurately extracting LAI data from the 
ecological environmental parameters, so that the 
acquired data can accurately reflect the temporal and 
spatial variations. With the development of satellite 
technology, the spatial resolution of satellite image 
becomes increasingly higher and the spectral 
characteristics also become more targeted. For 
example, China plans to launch 9 high- resolution 
satellites, in which the first Gaofen Satellite (GF-1) 
has been launched in 2013. This study aims at 
deriving high-spatial-resolution (16m) of GF-1 
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Satellite data to monitor LAI through the statistical 
regressions between vegetation indexes and field 
samplings. So far, few literatures on the analysis of 
LAI using the data collected by GF Satellite have 
been reported, and more in-depth studies should be 
performed on the exploration and analysis of the data 
collected by China s new satellites so as to derive the 
high-resolution vegetation indexes (VIs) which are 
closely related to LAI. In this study, 8 VIs, namely, 
normalized difference vegetation index (NDVI), 
renormalized difference vegetation index (RDVI), 
enhanced vegetation index (EVI), simple ratio 
vegetation index (SR), soil adjustment vegetation 
index (SAVI), modified soil adjustment vegetation 
index (MSAVI), modified simple ratio index (MSR) 
and atmospherically resistant vegetation index 
(ARVI), were selected for analysis, all of which are 
located from BLUE band to near-infrared (NIR) 
band. These VIs are suitable for the applications of 
GF-1 satellite multi-spectrum data and can favorably 
reflect the vegetation growth characteristics.  

 
 

MATERIALS AND METHODS 

Study area. Poyang Lake basin is located on 
the South Bank in the middle and lower reaches of 
Yangtze River ( - N, -118° 

E)(Fig.1). It covers an area of 162200 km2, which 
occupies 9% of the total area of the Yangtze River 
basin and 93.9% of the area of Jiangxi Province. The 
Poyang Lake basin is surrounded by the mountains, 

in which water from Ganjiang, Fuhe, Raohe, 
Xinjiang and Xiuhe flows into the Poyang Lake, the 
largest freshwater lake in China, and then feeds into 
the Yangtze River. The study area is characterized by 
a subtropical humid monsoon climate, with four 
distinctive seasons. It is abundant in rainfall and has 
an annual average temperature of 17 Co . According 
to the classification of vegetation coverage by 
GLOBCOVER CLASSIFY, the study area includes 
woodland, farmland, grassland and water area, in 
which the area of woodland occupies 54.0% of the 
total area. To make a further classification, the 
woodland includes the mixed forest, evergreen 
broad-leaf forest, evergreen coniferous forest and 
etc., in which the area of mixed forest occupies 95.4% 
of the total area of woodland. For the farmland which 
occupies 23.5% of the total area, the main soil types 
include mountainous yellow soil, yellow brown soil, 
red soil, purple soil and paddy soil. To be specific, 
yellow soil and yellow brown soil are mainly 
distributed in the area with the elevation over 800 m, 
red soil is widely distributed in the hilly downland 
with the elevation below 800 m. Purple soil is mainly 
distributed in the Poyang Lake basin, paddy soil is 
mainly distributed in valleys among mountains, 
valley plain and terrace. Additionally, mountain 
meadow soil is distributed in the area with the 
elevation over 1,400m. 

 
Data acquisition and measurement. LAI 

collection. Using the Plant Canopy Analyzer (PCA, 
LAI-2000), the field analyses and measurements of

 
 

 

FIGURE 1 

The location of the Poyang Lake basin in JiangXi Province, China 
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plant canopies were conducted on different types of 
vegetation coverage in the Poyang Lake basin. 
Assuming a random leaf angle distribution, the 
impact of clumping has been assessed only partially 
using the PCA and its corresponding LI-COR 
software. Hence, the LAI measurement taken by the 

contamination of this measure by self-shading at the 
leaf-to-shoot level, branch and canopy levels and 
stand level[10]. The PCA is based on the amount of 
canopy light transmittance measured across a 
hemispherical field by five concentrically nested 
sensors [11]. Since the effective LAI is less variable 
and easier to measure than LAI, and is also an 
intrinsic attribute of plant canopies [12]. The LAI-
2000 has been successfully used and compared to 
other techniques in numerous studies[13-15] used 
the LAI-2000 in various land cover types such as 
grassland, forests or agricultural crops, thus the 

 measurements 
has not been discussed in detail. The measurements 
were conducted on 8 sample plots in Dagangshan 
Nature Reserve from July 26th, 2014 to July 30th, 
2014, and 37 sample plots in Dagangshan Nature 
Reserve, Meiling Scenic Spot, Nanfeng County, 
Shangrao City, Leping County, Poyang County and 
Duchang Country from July 28th, 2015 to August 
5th, 2015(Fig.1). Totally 45 LAI data were acquired. 
These sample plots have a same area of 30 m*30 m. 
We should choose the samples plots which are 
surrounded by the uniform vegetations so as to avoid 
the mixed pixels in satellite images. When the 
measurements were conducted on the mountainous 
woodland, the actual side length of sample plot 
should be adjusted in accordance with the 
mountain s slope; additionally, the slope facing the 
sun should be selected so as to avoid the interference 
induced by the mountain s shadow. Each set of LAI 
values include the averages values at five points in 
the sample plot (i.e., four corner points and one 
central point). The coordinates of five points were 
recorded using GPS. The land cover types in the 
present LAI monitoring mainly include woodland, 
farmland and grassland. 

 
GF-1 data preprocessing. GF-1 satellite was 

launched on April 26th, 2013, which carries two 
different types of cameras for optical observations. 
Specifically, two multispectral cameras with the 
panchromatic band resolution of 2 m and four 
multispectral cameras with the resolution of 16 m 
were installed. GF-1 has a kind of optical remote 
sensing technology which combines high temporal 
resolution, high spatial resolution and multispectral 
technique. It travels in the sun synchronization 
repeating orbit, with the orbit altitude and repeat 
period of 645 km and 41 days, respectively. The 
carried multispectral camera include four bands, i.e., 

450nm~520nm, 520nm~590nm, 630nm~690nm and 
770nm~890nm, corresponding to the first band 
(BLUE), second band (GREEN), third band (RED) 
and fourth band (NIR), respectively. The 
multispectral camera, with the high spatial resolution 
and spectral width of 16 m and 800 km, combines 
four wide-field-of-view (WFV) cameras. The revisit 
time was set as 4 days, and the data were downloaded 
from China Center for Resource Satellite Data and 
Application (http://www.cresda. com/site1/ 
index.shtml). GF-1 has been significantly improved 
in temporal resolution. GF-1 also has the largest 
spectral width, and therefore a large amount of work 
on data processing can be saved, which is conductive 
to data analysis over a large area. The data collected 
by the multi-spectral camera of GF-1 were used in 
the present study, which includes 12 scenes on 30 
July 2014 and 3 August 2015. 

In order to achieve a ground space consistency, 
geometric correction is crucial for the processing of 
image data, especially the high-resolution image 
data. To conduct geometric correction on the image 
data in ENVI 5.1 Classic, the ortho-rectification is 
performed using the command RPC or RSM. 
However, the correction on the image can only be 
regarded as the rough correction, with the correction 
accuracy ranging from 3~5 pixels. Fine correction 
using the other corrected high-resolution images 
should be further conducted. For example, Landsat 8 
satellite data after fine correction can be used. 
Additionally, manual correction can also be used, i.e., 
the image correction by searching the characteristic 
point with the use of GPS. In the present study, the 
panchromatic data of Landsat 8 OLI with the 
resolution of 15 m were used. All data should use the 
unified coordinates, the projection type of UTM 
Zone 50 was used while WGS84 was selected as the 
datum. Then, the radiation correction should be 
conducted, FLAASH was used in the present study, 
FLAASH is a first-principles atmospheric correction 
modelling tool for retrieving spectral reflectance 
from hyperspectral radiance images. FLAASH is 
also appropriate for multispectral imagery [16]. The 
FLAASH module (based on the modified 
MODTRAN4+ model) provided by ENVI5.1 
software. Any of the standard MODTRAN model 
atmospheres and aerosol types may be chosen to 
represent the scene, and a unique MODTRAN 
solution is computed for each image. In this study, 
input parameters for the FLAASH module were 
tropical atmosphere model, mid-latitude summer 
model, the initial visibility of 40 km and the average 
latitude was 400m. However, the visibility values 
were determined by trial and error until a typical 
spectral pattern of plants was obtained. As a result, 
all bands were converted to surface reflectance in 
this study area.  
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Method. Extraction of spectral Vis. In the 
present study, totally 45 sample plots were 
monitored. The data collected from 2 sample plots 
are abnormal due to climate changes, and therefore, 
the data of 43 sample plots were used for modeling. 
The ground reflectivity data collected by GF-1 after 
atmospheric correction were used for the calculation 
of VIs. According to the four bands set of GF-1, 8 
VIs related to BLUE, GREEN, RED and NIR bands 
were selected, namely, NDVI, RDVI, EVI, SR, 
MSAVI, SAVI, MSR and ARVI. Due to their high 
correlations with LAI observation data on the ground, 
these VIs were selected [17-20]. Tab.1 describes the 
definition of VIs and their relationships with canopy 
parameters, which were verified by the related 
literatures (the formulas of VIs and the 
corresponding references are also listed in Tab.1). 
The close correlation between LAI and VIs was also 
discussed in the literatures. The reason why these 8 
VIs were selected are described briefly as follows.  

The ratio-based NDVI [21] and SR[17] are the 
most frequently used to correlate with LAI and other 
canopy structure parameters[22,23,24] NDVI and 
SR indices are not fit for vegetation which efficiently 
combine the characteristics of vegetation with high 
absorption in the RED band for photosynthesis and 
high reflectivity in the NIR region due to cell 

[22,25]. The 
RDVI tends to saturate at a higher vegetation density 
than NDVI and might therefore be suitable for high 
LAI values [26]. MSAVI can decrease the influence 
of different soil types on spectral reflectance, while 
ARVI can reduce the changes in vegetation indices 
caused by different atmospheric conditions[27], both 
variables are used as satellite-derived parameters for 
calculating surface photosynthesis, evapotrans-
piration, and net primary production, which in turn 
are used to calculate terrestrial energy, carbon, water 
cycle processes, and biogeochemistry of vegetation. 

SAVI is a soil-adjusted vegetation index, but an 
adjustment factor L was introduced in order to 
minimize the influence of soil brightness and to 
produce vegetation isolines more independent of the 
soil background, L ranges from 0 for very high 
vegetation cover to 1 for very low vegetation 
cover[4]. Due of possible non-linear relationship, 
MSR attempt to linearize relationships with surface 
parameters that tend to be non-linear[12] . 

 
Accuracy assessment criteria. The linear, 

quadratic, logarithmic, power, exponential and 
logistic fitting were conducted on the calculated VIs 
and the measured LAI data, respectively. The remote 
sensing estimation model of LAI can then be 
determined with the adoption of the correlation 
coefficient between VIs and LAI as the indexes. In 
the present study, the pearson correlation coefficient 
(R) and the coefficient of determination (R2) and root 
mean square error (RMSE) were used as the 
evaluation indexes of the constructed model. Besides, 
F-test and two-tailed significance test were 
performed on the model. RMSE can be calculated by: 

 
N
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in which 
iY  and `

iY  denote the measured and 
predicted values, respectively, and N denotes the 
number of samples. 
 
 

RESULTS AND DISCUSSION 

Correlation analysis. Linear and nonlinear 
univariate analysis were then conducted on the 
observed LAI data of 43 sample plots and the bands 
or the composite functions of bands of the 
corresponding satellite data.  

Based on linear correlation analysis results  

 
TABLE 1 

Summary of 8 VIs using in this study 
Vegetation index Formula Reference 
NDVI NDVI=(NIR-RED)/(NIR-RED) Rouse et al.1974[21] 
RDVI RDVI=(NIR-RED)/(NIR-RED)2 Haboudane.2004[26] 
EVI EVI=(NIR-RED)/(GREEN+6*RED-7.5*BLUE+1) Huete, A.R.1988[27] 
SR SR= NIR/RED Jordan C F.1969[17] 

MSAVI 
MSAVI= 0.5*((2*NIR+1)-(2*NIR+1)^2-8*(NIR-
RED)^0.5) 

Huete, A.R.2015[18] 

SAVI SAVI= (NIR-RED)/(NIR+RED+L)*(1+0.5) Huete A R.1988[27] 

MSR MSR= (NIR/RED-1)/((NIR/RED+1)^0.5) 
Soudani et al. 
2006[7] 

ARVI ARVI= (NIR-2*RED+BLUE)/(NIR+2*RED-BLUE) 
Kaufman Y 
J.1992[20] 

Note: BLUE (the first band of GF-1) denotes the spectral reflectivity data in blue band; GREEN (the second band 
of GF-1) denotes the spectral reflectivity data in green band; RED (the third band of GF-1) denotes the spectral 
reflectivity data in infrared band; and NIR (the fourth band of GF-1) denotes the spectral reflectivity data in near-
infrared band.
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(Tab.2), one can observe that the pearson correlation 
coefficients of the fourth band and the other bands of 
GF-1 are smaller than 0.3, i.e., the NIR band and the 
other bands are not significantly correlated; the 
pearson correlation coefficients between the BLUE, 
GREEN and NIR bands of GF-1 (except the NIR 
band) exceed 0.89, i.e., the spectral correlations 
among the BLUE, GREEN and NIR bands of GF-1 
are favorable. The NIR band has favorable 
correlations with EVI, SR, MSAVI and SAVI, but 
poor correlations with NDVI, RDVI, MSR and 
ARVI. LAI is positively correlated with VIs and the 
reflectivity in the NIR band while is negatively 
correlated with the reflectivity values in the BLUE, 
GREEN and NIR bands of GF-1.  

In which the formula of line model is denoted 
as Y = aX+b; the formula of logarithmic model is 
denoted as Y=alog(X)+b; the formula of two 
polynomial model is denoted as Y=aX2+bX+c; the 
formula of power model is denoted as Y=aXb; the 
formula of exponential model is denoted as Y=aebX; 
a,b and c are the constants; X and Y denote the 

variable and dependent variable of sample plot, 
respectively.  
These indices are subsequently correlated to field 
data of a variable of interest, e.g. LAI [28], in this 
paper we restricted the fitting method to ordinary 
least-squares linear regression. All data are used to 
fit the model to validate see Tab.3, one can observe 
from the linear and nonlinear analysis results that the 
linear correlation between the reflectivity in the 
GREEN band of GF-1 and the measured LAI data is 
highest, with the correlation coefficient R2 of 0.496. 
Among these VIs, MSR has a highest linear 
correlation with the measured LAI, with the R2 of 
0.591. According to the non-linear model fitting 
results, NDVI has a largest correlation with LAI 
using exponential model(Fig.2). R2 can reach up to 
0.744 and RMSE is smallest, being 0.303. The 
results can pass F tests, i.e., the correlation is of 
significance. Therefore, the following exponential 
model can be adopted as the regression model of the 
inversion of LAI.  

TABLE 2 

The linear correlation coefficient(R) analysis among 4 bands reflectivity of GF-1,Vis and LAI 

 1 2
 

3
 

4
 NDVI RDVI EVI SR MSAVI SAVI MSR ARVI LAI 

1
 Pearso 1 0.969* 0.959* - - - - - - - - - -

sig.  0 0 0.531 0 0 0 0 0 0 0 0 0 

2
 Pearso

 
1 0.965* 0.035 - - - - - - - - -

sig. 
 

 0 0.824 0 0 0 0 0 0 0 0 0 

3
 Pearso

  
1 - - - - - - - - - -

sig. 
  

 0.498 0 0 0 0 0 0 0 0 0 

4
 Pearso

   
1 0.036* 0.335* 0.7 0.504** 0.745** 0.71 0.469** 0.24 0.227 

sig. 
   

 0.017 0.028 0 0.001 0 0 0.002 0.121 0.143 

NDVI 
Pearso 1 0.997** 0.8 0.882** 0.886** 0.90 0.946** 0.983** 0.746** 

sig. 
    

 0 0 0 0 0 0 0 0 

RDVI 
Pearso

     
1 0.8 0.845** 0.867** 0.89 0.919** 0.983** 0.726** 

sig. 
     

 0 0 0 0 0 0 0 

EVI 
Pearso 1 0.832** 0.976** 0.97 0.857** 0.778** 0.583** 

sig. 
      

 0 0 0 0 0 0 

SR 
Pearso

       
1 0.898** 0.88 0.987** 0.831** 0.746** 

sig. 
       

 0 0 0 0 0 

MSAVI 
Pearso  1 0.99 0.918** 0.809** 0.650** 

sig. 
       

  0 0 0 0 

SAVI 
Pearso  1 0.912** 0.838** 0.651** 

sig. 
       

 
 

 0 0 0 

MSR 
Pearso

       
 

  
1 0.906** 0.769** 

sig. 
       

 
  

 0 0 

ARVI 
Pearso

       
 

   
1 0.736** 

sig. 
       

 
   

 0 

LAI 
Pearso

       
 

    
1 

sig. 
       

 
    

0 

Note: **. denotes that VIs and the reflectivity are significantly correlated through two-tailed tests at the level of 
0.01; *. denotes that VIs and the reflectivity are significantly correlated through two-tailed tests at the level of 0.05; 

1 , 2 , 3  and 4  denote the spectral reflectivity values in the first, second, third and fourth bands of GF-1, 
respectively.  
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TABLE 3 
Accuracy assessment of LAI retrieval models between measured LAI and reflectivity (

i
) of GF-1 or VIs 

Param

eters 

Line model Logarithmic model Two polynomial model 

R2 RMSE F Sig. R2 

RMS

E F Sig. R2 

RMS

E F Sig. 

1
 0.50 0.84 41.85 0 0.539 0.81 47.91 0 0.54 0.82 24.28 0 
2
 0.49 0.85 40.35 0 0.556 0.80 51.30 0 0.56 0.80 26.41 0 

3
 0.47 0.87 37.74 0 0.585 0.77 57.72 0 0.59 0.78 28.74 0 

4
 0.05 1.17 2.231 0.14 0.06 1.17 2.602 0.11 0.09 1.16 1.967 0.15

NDVI 0.55 0.80 51.32 0 0.491 0.86 39.52 0 0.60 0.77 30.31 0 
RDVI 0.52 0.83 45.63 0 0.491 0.86 39.52 0 0.60 0.77 30.33 0 
EVI 0.33 0.98 21.07 0 0.404 0.93 27.78 0 0.46 0.89 17.46 0 
SR 0.55 0.80 51.52 0 0.594 0.76 60.08 0 0.60 0.77 30.21 0 
MSAV 0.42 0.91 29.97 0 0.446 0.89 32.99 0 0.45 0.9 16.84 0 
SAVI 0.42 0.91 30.14 0 0.435 0.90 31.57 0 0.44 0.91 15.93 0 
MSR 0.59 0.77 59.27 0 0.565 0.79 53.20 0 0.59 0.77 29.56 0 
ARVI 0.54 0.81 48.35 0 0.44 0.90 32.19 0 0.60 0.76 30.67 0              

Param

eters 

Power model Exponential model Logistic regression model 

R2 RMSE F Sig. R2 

RMS

E F Sig. R2 

RMS

E F Sig. 

1
 0.64 0.35 74.989 0 0.665 0.34 81.42 0 0.66 0.34 81.42 0 

2
 

0.66 0.34 79.885 0 0.656 0.35 78.23 0 0.65 0.35 78.23 0 
3
 0.70 0.32 96.528 0 0.676 0.34 85.67 0 0.67 0.34 85.67 0 

4
 0.06 0.57 3.046 0.0 0.064 0.57 2.795 0.10 0.06 0.57 2.795 0.10

NDVI 0.71 0.31 104.83 0 0.744 0.30 119.1 0 0.74 0.30 119.1 0 
RDVI 0.71 0.31 104.83 0 0.737 0.30 114.7 0 0.73 0.30 114.7 0 
EVI 0.58 0.38 56.72 0 0.45 0.44 33.60 0 0.45 0.44 33.60 0 
SR 0.71 0.32 100.83 0 0.575 0.39 55.37 0 0.57 0.39 55.37 0 
MSAV 0.61 0.37 65.018 0 0.534 0.40 46.96 0 0.53 0.40 46.96 0 
SAVI 0.62 0.36 67.685 0 0.563 0.39 52.86 0 0.56 0.39 52.86 0 
MSR 0.73 0.30 115.95 0 0.665 0.34 81.30 0 0.66 0.34 81.30 0 
ARVI 0.67 0.34 85.619 0 0.732 0.31 111.7 0 0.73 0.31 111.7 0 

 
4.066NDVIe1158.0LAI ( 303.0,744.02 RMSER ) (2  

 
Relations between LAI and GF-1 data. As 

shown in Fig.3, the reflectivity data in the NIR band 
of GF-1 is positively correlated with LAI, but the 
correlation is not significant. LAI is negatively 
correlation with the reflectivity data in the BLUE, 
GREEN and RED bands of GF-1, and the  
R2 all exceeds 0.479, i.e., the correlations are 
significant. The results agree well with the research 
results by Wu et al [29]. NIR and RED bands have 
strong reflection and absorption capacities, which 

are connected with the plant s spectral characteristics. 
8 VIs are positively correlated with LAI. In terms of 
linear relationship, most VIs are more suitable for 
the inversion of LAI than the single-band models.   

NDVI, RDVI, SR, MSR and ARVI have 
favorable correlations with LAI using both linear 
and nonlinear models; in particular, the model using 
the exponential function of NDVI is best. However, 
the model can reach saturation at high values of 
NDVI, which cannot reflect the variation of actual 
LAI values. 
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FIGURE 2 
Plot showing the optimum regression method for estimating LAI in Poyang Lake basin with NDVI 

 
FIGURE 3 

 Scatter diagram between measured LAI and reflectivity ( )of GF-1 or Vis 
 

Modelling and mapping LAI. The GF-1 data 
in the Poyang Lake basin collected on April 3rd, 
2015, were preprocessed and the NDVI values were 
acquired. Then image mosaic and boundary 
trimming were conducted for acquiring the NDVI 
value of the whole basin (see Fig.4 (a)). Using the 
obtained regression model, the pixel data of each 
image were calculated and finally the LAI values of 
the whole basin with the high spatial resolution of 16 
m were acquired (see Fig.4 (b)). The collected 

images can quite clearly display the spatial 
distribution of LAI in this region. The maximum 
LAI value in this basin is 7.246 and the average LAI 
value is 2.293. LAI values in eastern, western and 
southern regions are relatively high (with the 
average LAI of 3.5), where are mostly the woodland. 
The average LAI value of farmland is 2.2 and the 
LAI value is relatively low in middle part of the 
basin.  
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FIGURE 4 

(a) NDVI value of the Poyang Lake basin based on GF-1 data in 3 August 2015;  
(b) LAI value of the Poyang Lake basin based on GF-1 data in 3 August 2015 

 
 

CONCLUSIONS 

In this article, based on remote sensing data 
collected by GF-1 satellite in four bands, the 
relationship between the data in different bands and 
LAI as well as the relationship between various VIs 
and LAI were analyzed. With the adoption of the 
Poyang Lake basin as the study area, the LAI data of 
some major land coverage types were monitored in 
two summers. Then, linear and nonlinear correlation 
analyses were conducted on LAI and the data in each 
single bands of GF-1 as well as 8 VIs. The remote 
sensing inversion model of LAI of the Poyang Lake 
basin in summer was constructed and the LAI data 
with the resolution of 16 m were extracted. 

In terms of bands of GF-1, the correlations 
between any two bands among BLUE, GREEN and 
RED bands are relatively high, and the data in the 
fourth band of GF-1 exhibit no significant 
correlations with the data in the three other bands. 
LAI in the Poyang Lake basin is positively correlated 
with VIs, and LAI is negatively correlation with the 
reflectivity data in the BLUE, GREEN and RED 
bands of GF-1. Most VIs are superior to single-band 
models in terms of the inversion of LAI, however, 
NDVI has the highest correlation with the measured 
LAI. The results can pass F-test, which is connected 
with the strong reflection and absorption capabilities 
in NIR and RED bands. On the whole, favorable 
inversion results of LAI can be achieved using NDVI 
data; however, the correlation of the exponential 
model between NDVI and the measured LAI 

decreases in the regions with densely distributed 
woodland, i.e., the LAI data may be underestimated. 
The data collected by GF-1 WFV have relatively 
high spatial resolution, which can clearly present the 
spatial distribution of LAI in this region and can 
contribute to reflecting LAI data in the region with 
great spatial variations. It means that GF-1 satellite 
data can be used for the monitoring of LAI over large 
areas. In future studies, we will focus on the 
application research of GF-1 satellite data in 
accordance with their advantages, increase the 
measurements of LAI in different seasons for 
different ground surface features and investigate the 
inversion of LAI in the Poyang Lake basin under 
various phenologic condition yearly. Moreover, the 
GF-1 data (including the PMS data with the 
resolutions of 2 m and 8 m, respectively, and WFV 
data with the resolution of 16 m) should be fused 
with the LAI production data of MODIS and SPOT 
so as to improve the temporal and spatial resolution 
of the data. All of these studies can contribute to the 
development of LAI products with high temporal 
and spatial resolutions.  
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ABSTRACT 

This study was aimed to assess the diurnal 
variability in the number of microbial indicators of 
water quality and the content of the selected main 
ions at 3 , Podhale. 
The examined sites included the stream being a 
receiver of sewage from the treatment plant, before 
the treatment plant and few kilometers downstream 
of the sewage discharge - at the water intake for 
artificial snowing of the largest ski station in the 
region. Twelve series of samples were collected over 
36 hours period. Temperature, pH, electrical 
conductivity and dissolved oxygen were measured 
onsite, microbiological analyses included the 
numbers of mesophilic bacteria, fecal Escherichia 
coli and Enterococcus faecalis, chemical analyses 
determined the concentration of main ions. E. 
faecalis was not detected in this study, while the 
concentration of mesophilic bacteria and E. coli 
varied largely between sites and hours of sampling. 
The smallest content of microorganisms was 
observed before the treatment plant and significantly 
increased at the sewage discharge. It was found that 
the cycle of the sewage treatment plant operation 
affects microbial contamination of water both in the 
stream which receives effluent from the treatment 
plant and in the downstream part of the river. 

 
 

KEYWORDS: 
 Escherichia coli, mesophilic bacteria, 

nutrients, sewage treatment plant 
 
 

INTRODUCTION 
 
From 1992 the European Union has been 

aimed for the protection of the European biological 

diversity, preserving natural habitats, plants and 
animal species [1]. One of the sites covered by this 

mouth to the 

river are considered as ones of the most pure in 
Poland. It is among the class I (the best) rivers in 
terms of biological, hydromorphological and water 
indexes quality [2]. Many animal species, 
characteristic of mountain streams with small degree 
of conversion and high class of water purity have 
been found to dwell in this river [3].  

However, it has appeared recently that the 
natural characteristics 
strongly reduced by human activity. There are 
several reasons for such situation including, among 
others, anthropogenic transformations of the 
riverbed, both conducted under the supervision of 
hydrotechnical companies and by local tenants as a 
prevention measure against flooding [4]. Another 
aspect is the exploitation of the riverbed material, in 
the form of pebbles and wood rubble  the first one 
being used for building e.g. house foundations and 
hardening roads, while the latter one being used as 
firewood [4]. Another two aspects of anthropogenic 

the issue analyzed and discussed in this paper. The 
first one is related to increasing water uptake from 

 for drinking water as well as for 
artificial snowing of several ski stations operating in 

in the total consumption of more than 1,350 m3/h of 
water [5]. The last and the most severe problem is 
related to the fact that the river acts a sewage receiver 
from households of the municipality  Bukowina 

uses sewerage system [6]. Studies conducted 
[7], 

indicate that the sewage treatment plant, operating in 



© by PSP  Volume 25  No. 12/2016, pages 5271-5279  Fresenius Environmental Bulletin 

5272

insufficient, which results in large loads of pollutants 
being discharged into the river. Moreover, there are 
numerous discharge sites of untreated sewage, which 
during winter increase the amount of sewage inflow 
and may degrade the quality of water in this region 
[8]. 

There are studies, reporting that some microbial 
genera and species are able to survive the process of 
freezing, required for the production of artificial 
snow [9, 10], thus causing the threat of microbial 
contaminants being transferred to snow cannons and 
then to artificial snow deposited over numerous 

 

Bukowina Tatrza
river. This locality is specialized in ski tourism, 
whose role is dominant in the structure of their 
overall tourism function. It is one of the largest and 
the best ski stations in Poland [11]. In the winter 
season 2014/2015 the ski base in this territory 
comprised 23 ski lifts, including 8 cableways with a 
total transportation capacity of 28,400 people/hour 
and 27 ski runs with a total length of 17.2 km. As 
many as 88.9% of them allows skiing after dark, and 
81.5% is equipped with snow cannons. The ski runs 
are located in the eastern, north-eastern and south-
eastern slopes of Kotelnica (918 m a.s.l.), 
Jankulakowski Wierch (934 m a.s.l.) and Horników 
Wierch (926 m a.s.l.). The largest ski resorts in 

and Kaniówka [11]. In this area tourist traffic in 
winter significantly predominates the one in summer 
[11]. In recent years there was a significant increase 
in the number of touri  
in the period of winter holidays, starting from mid-
January and ending in late March. People skiing or 
snowboarding usually use long-

municipality, which causes shortages in 
accommodation places in this area [11]. For instance, 
in the winter season 2014/2015 Kotelnica 

thousand tourists [12]. Such situation resulted in a 
deterioration of the efficiency of the sewage 
treatment plant operating in the Bukowina 

decrease in water quality from the section of 

[7].  
Water quality monitoring programs vary 

widely with different numbers of samples being 
collected for the analysis and possible decisions [13] 
as sampling design is rarely based on empirical 
and/or anticipated variation. According to Whitman 
& Nevers [13] these limitations in monitoring 
protocols cause that the efforts should be made to 
provide accurate and reliable results. Understanding 

the processes affecting the water quality 
requires sound scientific data on the variability of the 
concentration, sources and faith of fecal 
contaminants [14].  

Having this in mind, a study was undertaken in 
order to assess a diurnal variability in the abundance 
of microbial indicators of water quality and the 
content of the selected main ions in three sites 

 by the mouth of a stream 
being a direct receiver of sewage from the treatment 

plant and in the neighboring village - 

of the slopes of the largest ski station in the region.  
The selection of the sampling sites was a direct 

effect of a 2-year study conducted throughout the 
[7], which indicated that even though 

large proportion of the municipality is not sewered, 
resulting in numerous households discharging their 
effluent directly into the river, still the insufficiently 
operating treatment plant is the most important factor 
which affects dramatically decreased quality of the 

 
The studies will allow for more detailed 

assessment of the operation and efficiency of the 
sewage treatment plant and its direct effect on the 
quality of water in the river, which has been widely 
considered as pure, as well as on the quality of water 
being deposited over the mountain slopes in the form 
of artificial snow.  

 
 

METHODS 
 
Sampling strategy. Three measuring points 

were selected for the study, two of which were 

before the municipal sewage treatment plant (1), the 
second one  by the sewage discharge from the 
treatment plant (2)  both located in Bukowina 

at the site of water intake (3) for artificial snowing of 
the slopes of the biggest ski station in the region, 

 the village 
neighboring Bukowina (Fig. 1.). The study was 
conducted over a weekend in mid-February, which is 

 when 
the considered area is visited by the greatest number 
of tourists throughout the year [8]. Water samples 
were collected during 36 hours at 2 to 4-hour 
interval. The samples were collected into 1,000 ml 
and 500 ml autoclaved polypropylene bottles. 
During sampling, measurements of temperature (T), 
pH, electrical conductivity (EC25°C) and dissolved 
oxygen (DO) were conducted by a digital multimeter 
Multi 3430 (WTW) with a combined glass electrode 
type SenTix 940 (WTW), a conductometric sensor 
TetraCon 925 (WTW) with a constant k=0.475 and 
optical dissolved oxygen sensors FDO 925 (WTW). 
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Each sensor had a built-in temperature sensor.  
 

 
FIGURE 1 
Study area 

 
Laboratory analyses. Escherichia coli (Blue-

green colonies on TBX agar, incubated at 44°C, 48 
h) and Enterococcus faecalis (small dark red to light 
brown colonies on Slanetz-Bartley agar, 37°C, 72 h) 
were enumerated using the membrane filtration 
method, while the number of mesophilic bacteria 
(trypticase soy agar, 37°C, 48 h) was determined 
using the serial dilutions method. After incubation, 
grown colonies were counted and expressed as 
colony forming units per 100 ml of water for the 
membrane filtration method and per 1 ml for the 
serial dilutions method (CFU/100 ml and CFU/ml, 
respectively). 

In order to determine the chemical 
composition, water samples were collected to 500 ml 
polyethylene bottles. Chemical composition of water 
was determined in the laboratory of the Institute of 
Geography and Spatial Management, Jagiellonian 
University in Kraków. After filtration of water with 
a 0.45 m PTFE syringe filter, the chemical 
composition of water was determined by ion 
chromatography using two chromatographs 
DIONEX ICS-2000 and an autosampler AS-40. The 
chromatographic system composed of anionic and 
cationic modules allows the simultaneous separation 
and determination of the following ions in water: 
Ca2+, Mg2+, Na+, K+, NH4

+, SO4
2-, Cl-, NO3

-, NO2
-, 

PO4
3-, F-. HCO3

- was determined by titration using 
855 Robotnic Titrosampler (Metrohm). 

Mineralization of water (total dissolved solids  
TDS) was also calculated as a sum of individual ions 
concentrations.  

 

Statistical analysis. Statistical analysis was 
performed using Statistica v. 10 (StatSoft) software, 
by calculating basic descriptive statistics and a one-
way T-test [15] was used to verify the significance 
of differences in the number of microbial indicators 
between the sampling sites and different times of 
sampling. In order to verify the differences in the 

investigated physical and chemical parameters 
between the sampling sites, the analysis of variance 
(ANOVA) and post-hoc Scheffe test were applied 
for p=0.95. On the other hand, a one-sample T test 
was applied to verify the significance of differences 
in physical and chemical characteristics of water 
over the study period. The confidence interval was 
0.05. 
determine the relationship between the tested 
parameters for each of the sampling sites.  

Multivariate statistical analysis, particularly 
Principal Component Analysis, has been 
successfully applied in a number of hydrochemical 
studies [16, 17]. On the other hand, Thyne et al. [18] 
believe that this method can be applied in order to 
extract key information from large sets of data on 
water quality. Principal Component Analysis (PCA) 
was used to identify factors affecting the 
microbiological and hydrochemical parameters in 
the investigated points. In the case of points STP 
(No. 2) and Intake (No. 3) the analysis included data 
on mesophilic bacteria, E. coli and T, EC25°C, DO, 
Na+, K+, NH4

+, Cl-, NO3
- and PO4

3-. On the other 
hand, in the case of the point Before STP (No. 1) 
only data on mesophilic bacteria, E. coli, NH4

+ and 
NO3

- were included due to the small amount of water 
samples collected during the experiment and also 
small variation of the obtained results. Before 
conducting the analysis, data were standardized and 
normalized. The factors for the analysis were 
selected based on the Kaiser criterion (eigenvalue >1 
and when the value of the explained variance was 
greater than 10%). 

 
 

RESULTS AND DISCUSSION 

Table 1 presents the results of varying 
concentrations of microorganisms over the 36-hour 
period of the study. E. faecalis was not detected in 
the examined samples, which may indicate that the 
origin of the microbial contamination is of 
anthropogenic character, as there have been studies 
showing that the number of fecal coliforms in human 
feces significantly outnumbers fecal streptococci 
[19]. Also, ratios between fecal coliforms and fecal 
streptococci greater than 4 have been suggested to 
indicate a human source of water pollution, while 
ratios less than 0.7 would indicate animal source 
[20]. 

The concentration of another indicator of fecal 
contamination, E. coli varied significantly, both 
between the examined sites and within individual 
sites  between different hours of sampling. At the 
site located before the treatment plant the 
concentration of E. coli ranged from 17 to 164 
CFU/100 ml of water (with a mean of 87 CFU/100 
ml) and it increased severely at the site located by the 
STP, where it ranged from 71 thousand CFU/100 ml 
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of water in series No. 4 and 9 to even 1.5 million 
CFU/100 ml of water in series 1 and 8 with the mean 

 
TABLE 1 

The number of microbial indicators of fecal 
contamination recorded during the diurnal 

study. 
 

Location 
Sample 

No. 

E. coli 
(CFU/100 

ml) 

E. 
faecalis 

(CFU/100 
ml) 

Mesophilic 
bacteria 

(CFU/ml) 

Before 
STP 

1 17 0 50 

Before 
STP 

2 120 0 42 

Before 
STP 

3 164 0 105 

Before 
STP 

4 47 0 70 

Mean - 87 0 67 
Std. 

deviation 
- 67 0 28 

 

STP 1 1,450,600 0 159,800 

STP 2 788,800 0 102,100 

STP 3 1,156,000 0 93,950 

STP 4 71,540 0 36,400 

STP 5 1,142,000 0 79.450 

STP 6 952,000 0 79,200 

STP 7 1,224,200 0 416,000 

STP 8 1,496,000 0 136,700 

STP 9 71,120 0 64,000 

STP 10 816,100 0 261,300 

STP 11 140,080 0 5,650 

STP 12 680,000 0 32,500 

Mean - 832,370 0 122,254 
Std. 

deviation 
- 509,373 0 114,633 

 

Intake 1 18 0 95 

Intake 2 14 0 58 

Intake 3 23 0 50 

Intake 4 51 0 97 

Intake 5 816 0 7,480 

Intake 6 571 0 480 

Intake 7 470 0 4,510 

Intake 8 512 0 765 

Intake 9 115 0 210 

Intake 10 1,870 0 2,340 

Intake 11 2,320 0 1,175 

Intake 12 860 0 340 

Mean - 637 0 1,467 
Std. 

deviation 
- 754 0 2,303 

 
of c.a. 832 thousand CFU/100 ml. Also at the Intake 
the number of these indicator bacteria varied 
significantly depending on the hour of sampling and 

it ranged from only 14 CFU/100 ml (series. 2) 
to as much as nearly 2500 CFU/100 ml (series 11) 
with a mean of 637 CFU/100 ml. The number of E. 
coli at the water intake for artificial snowing allowed 
to classify these waters either to class A1 or to A2. 
This means that they require typical physical and 
chemical treatment, including disinfection by 
chlorination [21]. This is one of the most important 
observations resulting from this study, as on one 

considered exceptionally clean, while on the other 
hand they are being constantly contaminated with 
undertreated sewage. Fecal pollution of surface 
waters is of particular concern, as the most 
dangerous bacterial gastrointestinal human 
infections, such as cholera, salmonellosis or 
shigellosis are primarily transmitted by water 
polluted with feces of infected people [22].  

The number of mesophilic bacteria may be also 
used to determine the extent of microbiological 
contamination of water, as this group of 
microorganisms consists of most species related to 
sewage contamination [23]. Most of these bacteria 
are incapable of proliferating in water environment, 
therefore their presence may indicate relatively fresh 
contamination with sewage [23]. The number of 
mesophilic bacteria at the site No. 1 (before the 
treatment plant) ranged from 42 to 105 CFU/ml of 
water. According to the Regulation of the Minister 
of Environment on the requirements for surface 
water used for supplying people in drinking water 
[21], water at this site can be classified to A1 or A2 
category. However, the prevalence of these 
microorganisms increased significantly by the 
sewage discharge from the treatment plant - No. 2 
(range between 5,650 CFU/ml and 416 thousand 
CFU/ml), which then affected the quality of water at 
the intake for artificial snowing (No. 3), where the 
number of mesophilic bacteria ranged from 50 
CFU/ml (series 3) to almost 7,500 CFU/ml (series 5).  

The diurnal variation in the microbial 

and Intake, located downstream of the discharge 
from the treatment plant, are consistent with the 
observations of Meays et al. [14]  and confirm the 
conclusions drawn from their study, as well as the 
remarks given by Whitman & Nevers [13] 
concerning the main limitations related to bacterial 
monitoring protocols. As also shown in our study, if 
a monitoring was designed to obtain a single sample 
per site per day, the results of the E. coli 
concentrations at the intake for artificial snowing 
could range from only 14 or 18 CFU/100 ml to even 
2,320 CFU/100 ml. The situation is similar by the 
discharge from the STP  even though the E. coli 
concentrations are huge, they still could vary from 
71 thousand CFU/100 ml to as many as 1.5 million 
CFU/100 ml (Table 1). The assessment of the fecal 
contamination based on these outermost results will 
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be very different and can lead to incorrect 
conclusions.  

Given the fact that the examined three sampling 
sites are located within a few kilometer distance from 
each other, it appears that also designing a reliable 
network of sampling sites and selecting the most 
representative ones is not only a very significant 
matter, but it can be also very difficult task. The 
location of a sampling site within a catchment can 
affect the concentrations of E. coli and other 
microbial indicators of fecal contamination of water 
[14]. The concentrations and sources of E. coli can 
be also affected if a sampling site is located below a 
highly used area versus a more remote one [14].  

Statistical analysis showed that the differences 
in the numbers of E. coli between the sampling sites, 
i.e. STP/before-STP and STP/Intake, are statistically 
significant (T-values 3.19 and 5.66, respectively). 
There were also statistically significant differences 
in the number of mesophilic bacteria between the 
sampling sites (T-values of 2.08 and 3.65, 
respectively). Moreover, there were statistically 
significant differences in the concentrations of E. 
coli and mesophilic bacteria over the study period in 
each of the measuring points.  

coefficient revealed no significant correlation 
between the microbial indicators (E. coli and 
mesophilic bacteria) and physico- chemical 
characteristics of water at the measuring point 
Before STP (Tab. 2). At the measuring point No. 3 
(Intake) a significant positive relationship between 
the concentrations of E. coli and mesophilic bacteria, 
and EC25°C, Na+, NH4

+, Cl-, PO4
3- was found. 

Similarly, in the case of mesophilic bacteria, there 
was no significant correlation only with phosphate 

ions. At the measuring point STP there was a 

significant positive correlation between E. coli 
and EC25°C, Na+, K+, NH4

+, Cl- and PO4
3-, and 

significant negative correlation with DO and NO3
-. 

On the other hand, there is a significant relationship 
with mesophilic bacteria only in the case of DO and 
K+. There was no significant correlation with the 
water temperature in any of the measuring points, 
although other Authors report such relationship in 
their papers [24, 25]. 

Table 3 shows mean, minimum and maximum 
values, as well as coefficient of variation (Cv) for 
physical and chemical parameters at the examined 

before the treatment 
plant and at the intake, water was characterized by 
high oxygen content, low temperature and alkaline 
pH (pH~8). Water conductivity was around 270 
μS/cm and TDS around 230 mg/l. The concentration 
of nutrients (NH4

+, NO3
-, NO2

-, PO4
3-) was low or 

their values were below limit of detection. On the 
other hand, the outflow from the sewage treatment 
plant was characterized by far higher values of TDS, 
EC25°C, temperature and the concentration of ions, as 
well as by significantly lower content of dissolved 
oxygen. Very high values of NH4

+ and at the same 
time low values of NO3

- and NO2
- evidence very poor 

efficiency of biological treatment of sewage in the 
examined treatment plant.  

The outflow from the sewage treatment plant 
differs significantly (ANOVA) in terms of all 
examined physical and chemical parameters from 
the values of these parameters at the points Before 
STP and Intake. On the other hand, the site Before 
STP differs significantly from the Intake only in 
terms of EC25°C, TDS, Na+, NH4

+, Cl-. The outflow 
from the treatment plant adversely affects the 

 
TABLE 2 

 
physico-chemical characteristics of water at each of the sampling sites. 

 
Site Before STP STP Intake 

Parameter E. coli 
mesophilic 

bacteria 
E. coli 

mesophilic 
bacteria 

E. coli 
mesophilic 

bacteria 
E. coli 1.00 - 1.00 0.66 1.00 0.85 

mesophilic 
bacteria 

- 1.00 0.66 1.00 0.85 1.00 

DO - - -0.62 -0.78 - - 
T - - - - - - 

EC25°C - - 0.77 - 0.65 0.64 
Na+ - - 0.81 - 0.91 0.77 
K+ - - 0.72 0.64 - - 

NH4
+ - - 0.80 - 0.96 0.77 

Cl- - - 0.80 - 0.88 0.78 
NO3

- - - -0.82 - - - 
PO4

3- - - 0.76 - 0.67 - 
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TABLE 3 
Physical and chemical water parameters during the diurnal study. 

 

Parameter
s 

Unit 
Before STP STP Intake 

Mean Min Max Cv 
[%] 

Mean Min Max Cv 
[%] 

Mean Min Max Cv 
[%] 

DO mg/L 13.9 13.6 14.3 1.7 5.0 3.0 8.0 35.1 13.5 11.4 14.2 5.3 

T °C 0.2 -0.2 1.0 179.4 6.8 3.7 9.1 26.1 0.4 -0.1 1.0 
121.

6 
pH  8.07 8.00 8.13 0.5 7.40 7.25 7.60 1.4 8.02 7.91 8.11 0.8 

EC25°C  264.0 257.4 270.5 1.8 
1,031.

7 
616.4 

1,436.
3 

30.0 272.4 263.2 283.2 2.4 

TDS 

mg/L 

231.2 227.1 236.5 1.4 808.0 529.2 
1,069.

1 
25.1 236.3 229.0 246.2 2.2 

Na+ 3.49 3.35 3.67 2.8 68.3 18.9 116.7 53.4 3.9 3.46 4.7 10.0 
K+ 0.89 0.72 1.74 34.4 15.3 5.1 22.5 42.2 1.1 0.72 1.9 38.0 

NH4
+ 0.02 0.01 0.03 30.7 35.8 6.7 68.2 62.6 0.14 0.01 0.51 

109.
1 

Cl- 4.86 4.51 5.11 3.7 70.3 19.0 117.5 53.9 5.2 4.70 5.9 8.2 
NO3

- 3.56 3.44 3.69 2.3 4.11 3.70 4.89 13.4 3.64 3.48 3.97 3.9 

NO2
- 

below limit of detection 
0.2 0.1 0.3 47.4 below limit of detection 

PO4
3- 7.1 0.7 17.7 83.9 0.007 0.003 0.015 76.7 

(point Intake). Inflow of insufficiently treated 
sewage causes a decrease in the dissolved oxygen 
content and water pH, as well as an increase in the 

most evident in the case of NH4
+, whose average 

increase between the points Before STP and Intake 
was about 60%. The average increase in the 
concentration of Na+, K+ and Cl- ions is also evident 
and reaches 9.9%, 7.0% and 6.7%, respectively.  

The differences in physical and chemical 
parameters during the day were statistically 
significant in each of the measuring points. The 
greatest diurnal changes were related to ions, whose 
occurrence in water can be associated with 
anthropogenic pressure (i.e. NH4

+, NO3
-, PO4

3-
, K+, 

Na+, Cl-  Fig. 2). For example, at the point Before 
STP the maximum daily value of NH4

+ was 3.5 times 
greater than the smallest one measured throughout 
the day. Much larger diurnal fluctuations were 
observed at the point Intake. There was a 35-fold 
increase in the concentration of NH4

+ during the day. 
10-fold diurnal variation in the concentration of 
NH4

+ was observed at the STP, but the variation in 
the concentrations of PO4

3- was even more evident 
(25-fold difference in the concentration values 
throughout the day). 

The inflow of sewage from an ineffectively 
operating sewage treatment plant together with 
numerous unregistered discharge points of untreated 

result in the deterioration of water quality in the 
r. However, the mountainous nature of the 

river, characterized by turbulent water flow, low 
temperature of water and very good oxygenation 
causes that in terms of physical and chemical 
parameters it can be classified as the highest, first 

class of water quality [26]. 
The Principal Component Analysis (PCA, Fig. 

3.) allowed to determine the main factors affecting 
the concentration of microbial indicators of fecal 
contamination, as well as hydrochemical 
characteristics of water at the examined sampling 
points in the diurnal cycle. At the site No. 1 (Before 
STP), PCA allowed to distinguish one factor that 
explains 72.7% of variance. Based on the factor 
coordinates, a strong correlation between E. coli, 
mesophilic bacteria and NH4

+ and NO3
- ions can be 

observed. This factor can be explained by the 
anthropogenic influence, as the higher nutrient 
concentrations, whose origin is mainly related to 
human activity, the higher the prevalence of bacteria. 

By the discharge from the sewage treatment 
plant (site No. 2  STP), PCA also allowed to 
recognize one factor that explains 74.5% of variance. 
It is characterized by a strong positive relationship 
between the number of bacterial indicators and T, 
EC25°C, Na+, K+, NH4

+, Cl- and PO4
3- and negative 

relationship with pH, DO and NO3
-. This factor may 

evidence the discharge of fresh, untreated sewage 
from the treatment plant, where the nitrification 
process did not occur. This is particularly apparent in 
the negative relationship between NO3

- and NH4
+, 

i.e. the occurrence of large concentrations of 
ammonium ions with very low concentrations of 
nitrate ions [27]. Usually, untreated sewage contains 
nitrogen in the form of NH4

+, while the amount of 
nitrates and nitrites is small.  

Principal Component Analysis carried out for 
the sampling site No. 3 (Intake) showed that there are 
two factors affecting the quality of water throughout 
the day. Factor 1 explains 56.2% of variance and 
represents positive relationship between the content 
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of bacteria in water and the values of EC25°C, TDS, 
Na+, NH4

+, Cl-, NO3
-, PO4

3-. In contrast, factor 2 
explains 21.4% of variance and represents negative 
relationship showing that the higher the values of 
EC25°C and NO3

- the lower the values of T, K+ and 
PO4

3-. In the case of factor 1 we can consider the 
anthropogenic effect and deterioration of water 

river. This is evidenced by the increase in the 
number of bacteria and NH4

+, NO3
-, PO4

3- ions, 
which are of anthropogenic origin. Factor 2 is related 
to the diurnal activity of people, resulting in the 
production of smaller amount of sewage during 
night. Therefore, the efficiency of sewage treatment 
is greater and the process of nitrification is more 
effective which results in higher NO3

- values in  
 

 
FIGURE 2 

Changes in the selected physico-chemical parameters at the measuring points throughout  
the study period. 

 

 
FIGURE 3 

 Principal Component Analysis of microbiological and physicochemical parameters  
determined for the sampling sites. 
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sewage discharged to the river. At the same time, low 
temperature of water at night causes that snow does 
not melt, thus not causing dilution of water and 
therefore the water conductivity being higher. 
 
 
CONCLUSIONS 

 
The number of microbial indicators of fecal 

contamination depends on the location of the 
sampling sites and their location towards the main 
source of water contamination, i.e. the sewage 
treatment plant. A variation in a diurnal cycle of the 
concentration of the tested microbial parameters of 
water quality, as well as the physico-chemical 
characteristics of water was also evident. The cycle 
of the sewage treatment plant operation affects the 
number of microbial contaminants of water both in 
the stream which receives the effluent from the 
treatment plant and in the part of the river 
downstream of the treatment plant.  

The conducted analyses revealed that in terms 

be assessed as good quality, while the detected 
microbiological contamination indicates that without 
very thorough treatment, those waters cannot be used 
neither for consumption or for the technological use. 
It is important to carefully select sampling sites, as 
their location within catchments may affect the 
concentrations of microbial indicators of fecal 
contamination. 
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ABSTRACT 
 

In order to make clear the toxic effects of the 
joint exposure of Cd and decabromodiphenyl ether 
(BDE-29) on soil microbial population. During the 
35 days after exposure to moderate Cd 
concentration resulted in a significant increase in 
pseudomonas aeruginosa, the high Cd 
concentrations exerts an significantly inhibiting 
effect on the pseudomonas aeruginosa populations, 
similar trends were also observed in Actinomycete 
at lower and moderate Cd conenctration. The 
inhibition rate of fungi in Cd treatments did not 
have significant differences at all treatments. The 
order of inhibiting rate of culturable soil microbial 
populations under Cd pollution was proved to be: 
pseudomonas aeruginosa>actinomycetes>fungi. 
BDE-209 inhibited the growth of soil pseudomonas 
aeruginosa, fungin and Actinomycetepopulations, 
even at a low concentration. The population of the 
three soil microbes generally declined with 
increasing BDE-209 concentration following 
certain dose response relationships during the 
entire incubation period. The inhibition ratios were 
dependent on incubation time, indicating a notable 
time-effect trend. The inhibition of joint Cd and 
BDE-209 exposure on soil microbial population 
was stronger than that of either of the two 
chemicals at moderate level Cd and BDE-209. The 
inhibition ratios of three microbial populations 
increased with increasing Cd +BDE-209 
concentration and incubation time following certain 
dose-response relationships and time-effect trends 
during the entire incubation period, respectively. 
The sensitivity of soil microbial population 
followed the order: pseudomonas aeruginosa>fungi 
>actinomycete. 
 
 
KEYWORDS: 
Cd, BDE-209, joint exposure, microbial population. 
 
 
 

INTRODUCTION 
 
With the rapid development of electric 

technology, waste electrical and electronic 
equipment, also known as e-waste, refers to end-of-
life products including computer, cellular phone 
and television is rather striking. It has been 
estimated that 20-50 million tonnes of e-waste are 
produced annually in the world and increases 
rapidly at a rate of 3-5% per year [1]. Taking 
advantage of inexpensive cost of labor and weak 
enforcement of environmental laws, much more e-
waste is being exported to developing countries. 
However, the recycling techniques in these 
countries are often crude and do not have the 
appropriate facilities [2], waste processing 
operations such as uncontrolled dismantling, acid 
stripping and open burning in Chinese e-waste 
recycling sites have resulted in severe 
environmental contamination [3,4]. The hazard of 
e-waste lies in the high content of many toxic 
substances. As a result of the unprotected recycling 
techniques, various high toxic pollutants such as 
heavy metals (e.g. Cd and Cu) and persistent 
organic pollutants (POPs) (e.g. PBDEs), were 
released into the environment [3-6]. Some studies 
have been focused on the environment pollution 
caused by e-wastes in China since the last decade. 
The accumulation of heavy metals and PBDEs in 
soil has been reported in some sites of e-waste 
recycling locations [7-10]. However, since these 
data do not take into account the possible combined 
effects of different contaminants, as well as their 
bioavailability. Soil microflora plays a major role in 
the decomposition of organic matter and the 
mineralization of nitrogen, phosphorus, and sulfur 
in the agro-ecosystem, they also play significant 
roles in maintenance of soil structure, detoxification 
of noxious chemicals, and the control of plant pests 
and plant growth [11,12]. Since soil 
microorganisms can respond rapidly, they reflect a 
hazardous environment and are, therefore, 
considered when monitoring soil status. A number 
of soil microbiological parameters, notably such as 
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microbial community structure, microbial biomass, 
have been suggested as possible indicators of soil 
environmental quality, and have been employed in 
national and international monitoring programs 
[13,14]. Heavy metal not only produce adverse 
effects on plant quality and yield but also cause 
changes in the size, composition, and activity of 
soil microbial community [15,16]. BDE-209 was 
dominant PBDEs congener. It is reported that BDE-
209 can reach toxic concentrations that are 
detrimental to the environment as well as to human 
health [17,18]. Although heavy metals and PBDEs 
are both present in many e-waste recycling sites, 
there has been no report about their joint toxicity on 
soil microbes. This study was conducted primarily 
to explore the toxicological effects of Cd and BDE-
209 contamination on soil culturable microbial 
population. The observations and related findings 
will establish some useful scientific basis for soil 
ecological risk assessment in e-waste recycling sites. 
 

 
MATERIALS AND METHODS 

 
Chemicals. BDE-209 (purity>98.0%) was 

obtained from Dongguan Boye Instrument 
Machinery Co. Ltd., Guangdong, China. Cadmium 
chloride (CdCl2) and other reagents were analytical 
grade and obtained from Sinopharm Chemical 
Reagent Beijing Co., Ltd., China. 

 
Experimental design of the incubation test. 

The soil used in this experiment (silty clay loam, 
5.8% organic matter, pH 6.9) was collected from 
around the e-waste of Changzhou in Jiangsu 
province, China. A composite soil sample was 
prepared by collecting soil samples from six 
separate locations across the field. At the 
laboratory, the soil was fully mixed, pebbles and 
large plant residues were removed, and then the soil 
was sieved using a 2 mm sieve. Cadmium stock 
solution was prepared by dissolving CdCl2 in 
deionized water, and BDE-209 stock solution was 
prepared by dissolving the BDE-209 powder in 
DMSO 5 g of the soil sample each was added to 
several 10 mL tissue culture flasks, the flasks were 
then filled with the BDE-209 and Cd stock 

solutions to expose the sample to the 
contaminants (Table1). Each treatment was conduct 
in three replicated runs. The control received the 
same amounts of distilled water instead of the 
contaminant solution. All treatments were 
incubated at room temperature, and were kept in 
complete darkness. Soil samples were collected for 
further analysis at 0, 7, 14, 21, 28 and 35d after 
incubation.  

 
Microbial enumeration. All the following 

measurements were made in triplicate soil samples 
and the results are expressed as oven-dry mass. 
Enumeration of soil microorganisms was performed 
using the spread plate counting method [10,16].. 

 
Evaluation of data and modeling. The 

inhibition ratios (IR) of microbial population 
exposed to Cd, BDE-209 or Cd+BDE-209 were 
calculated as Eq. (1): IR=(Y-X)/Y  (1). where Y is 
the value of the control soil and X is the value of 
the contaminated soil. The results were expressed 
as the average of three paralleled determinations of 
the mixture of three duplicates soil samples. 

In order to account for combined effect of 
different important independent variables, second-
order polynomial models are preferred [10,19]. 
Therefore, it was thought of interest to develop a 
model describing the effects of two selected 
independent variables (Cd and BDE-209 
concentrations) on the inhibition ratios of soil 
microbial population. The model was expressed as 
(2): 

Y=+Xi+ijXiXj+  (2). where Y is the predicted 
value of the inhibition ratio of microbial 
populations, X is the independent variables 
corresponding to the concentration of Cd and BDE-
209 [10,17]; is the erratic error; is the constant 
and also called intercept; j and is the regression 
coefficient estimated by the stepwise regression 
method at a confidence level of 95%, and j 

represents the interaction properties and strength of 
these contaminants. If the value of j is positive, the 
interactive effect is synergistic, and a negative 
value represents antagonistic, while zero stands for 
additive toxicity. 

 
 
 

TABLE 1 
Cd and BDE-209 contamination levels of different treatment designs (mg/kg) 

 
Contaminant Control Low treatments Moderate 

treatments 
High 
treatments 

 Cd 0 1.0,2.0 4.0, 6.0 8.0,10.0 
BDE-29 0 1.0 10.0 50.0 
Cd +BDE-29 0 1.0+1.0 4.0+10.0 8.0+50.0 
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FIGURE 1 
Correlation between Cd concentrations versus number of microorganisms. 

 
RESULTS 

 
Effect of Cd single exposure on number of 

microorganisms. Soil contamination with 1.0, 2.0, 
4.0, 6.0, 8.0 and 10.0 mg Cd/kg of soil significantly 
inhibited the growth of pseudomonas aeruginosa, 
fungin and Actinomycete in soil on either assay 
date, respectively. Higher concentrations of 
cadmium caused decrease in the number of these 
microorganisms in all series of experiments, and 
especially in the series with 10.0 mg/kg of soil. The 
results of polynominal regression equations 
(Figure1) and Pearson's simple correlation 
coefficients seem indicative of a significant, 
negative correlation between the number of soil 
microorganisms and cadmium contamination 
concentrations, which reaffirms the research of [20]. 

 
Effect of Cd single exposure on soil 

microbial population. In order to explain further 
the reason of number of microorganisms in 3.1, we 
try to illustrate of inhibitory effects for Cd single 
exposure on soil microbes.Figure 2 illustrated the 
inhibitory effects of contaminant Cd on the growth 
of soil pseudomonas aeruginosa, fungin and 
Actinomycete. In all the soil treatments, as the 
exposure concentration and incubation time 
increased, the inhibition ratios increased for 
pseudomonas aeruginosa. During the 35 days after 
exposure to low Cd concentrations (1.0 and 2.0 
mg/kg), soil culturable microbial population of the 
treated samples were the same or only slightly 
different to the control.The application of moderate 
(4.0 and 6.0 mg/kg) Cd concentration resulted in a 
significant increase in pseudomonas aeruginosa 
from7 to 35 days of incubation time, the high Cd 
concentrations exerts an significantly inhibiting 
effect on the pseudomonas aeruginosa populations, 
the inhibitory rate increased with the increased Cd 
concentration from 8.0 to 10.0 mg/kg and the 
incubation time. Similar trends were also observed 
in Actinomycete at lower and moderate Cd 
conenctration, but the extent of inhibition was 
larger than the lower Cd treated soils in most time. 

When the concentrations of Cd were larger than 4.0 
mg/kg, the inhibition rate increased slowly in the 
later time, but the inhibition rate in soils added with 
Cd at higher level (8.0 mg/kg) began to decrease. 
The inhibition rate of fungi in Cd treatments did not 
have significant differences at all treatments, the 
inhibition rate of fungi increased slightly though all 
the incubation time in soils treated with Cd 
concentration from moderate treatments (4.0-6.0 
mg/kg) to higher treatments (8.0-10.0 mg/kg). The 
order of inhibiting rate of culturable soil microbial 
populations under Cd pollution was proved to be: 
pseudomonas aeruginosa>actinomycetes>fungi. 

 
Effect of BDE-209 single exposure on soil 

microbial population. Contaminant BDE-209 
inhibited the growth of soil pseudomonas 
aeruginosa, fungin and Actinomycete populations, 
even at a low concentration (1.0 mg/kg), as shown 
in Figure 3. The population of the three soil 
microbes generally declined with increasing BDE-
209 concentration following certain dose response 
relationships. The inhibition ratios were dependent 
on incubation time, indicating a notable time-effect 
trend. As for soil pseudomonas aeruginosa, 1.0 
mg/kg dose of BDE-209 did not produce the 
significant population inhibition as caused by the 
higher dose of 50 mg/kg. Also, both treatments 
inhibited the growth of Actinomycete and fung in 
populations in the following days. The treatments 
of BDE-29 decreased the total actinomycetes counts 
during the entire experiment, and 10.0 mg/kg and 
50.0 mg/kg BDE-29 inhibited the total 
pseudomonas aeruginosacounts by 81.8% and 
89.5%, respectively, in 35 days, as well as 
actinomycetes inhibited the total cell counts by 
68.4% and 73.2%, respectively, in whole period of 
incubation time. The total fung in cell counts of the 
middle and high concentration BDE-29 treatments 
were increased by 1.68 and 2.02 fold on the 35th 
day, respectively. The microbial biomass increased 
but the increase was smaller than in control 
samples, the result indicated that the BDE-29 had 
an inhibition effect first and then could be used as  
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FIGURE 2 
Inhibition rate of microbial populations in tested soils with different Cd concentrations.
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FIGURE 3 
The influence of BDE-209 on inhibition rate and total cell counts (mean±standard deviation) of soil 

microbes (P<0.01) 
 

  
the carbon source by the fungin [21]. 

However, in the soil microcosms spiked with BDE-
209, significant suppression (P<0.01) was observed 
and the suppression effect increased with the higher 
BDE-209 concentration. 

 
Joint exposure of Cd and BDE-209 on soil 

microbial population. The microbes population 
quantity decreased with the increasing Cd and 
BDE-209 concentration and incubation time.Table 
2 summarizes the second-order polynomial model 
representation of the observed inhibitory effects of 
Cd and BDE-209 on microbial population, the ij 

values were negative in almost all treated groups. 
And the regression coefficients of Cd-BDE-209 on 
the growth inhibition were negative during most 
incubation periods except for fungi exposed to 14 d 
and actinomycete exposed to 28 d, indicating the 
interactive effects of the two contaminants were 
antagonistic effect. On the contrary, after fungi or 
actinomycete exposed to 35 d, the joint toxicity 
exhibited synergistic effect, the combined effect 
showed additive role to pseudomonas aeruginosa 
after 35 d incubation time.The inhibition ratios of 
fungi growth were relatively stable in the combined 
treatment runs of low and moderate levels of Cd 

and BDE-209 during the first 14 day and then 
increased sharply.Lower concentrations (1.0 mg/kg) 
of Cd and the lower levels of BDE-209 (1.0 mg/kg) 
combination inhibited the pseudomonas aeruginosa 
growth, actinomycete also displayed the inhibitory 
effects exposed to 1.0 mg/kg of BDE-209 and its 
combination with 1.0 mg/kg of Cd, 35 d exposure 
later the pseudomonas aeruginosawas clearly 
inhibited by all levels of both chemicals, whereas 
only high doses of Cd and BDE-209 combination 
reduced the population of fungi and actinomycete. 
At relatively modertate level (Cd:4.0 mg/kg and 
BDE-209:10.0 mg/kg), the inhibition of joint Cd 
and BDE209 exposure on soil microbial population 
was stronger than that of either of the two 
chemicals. Cd was more toxic to the soil microbes 
than BDE-209.Generally, during the entire 
incubation period, the inhibition ratios of three 
microbial populations increased with increasing 
Cd+BDE-209 concentration and incubation time 
following certain dose-response relationships and 
time-effect trends, respectively. Data analysis 
suggested the sensitivity of soil microbial 
population followed the order: pseudomonas 
aeruginosa>fungi >actinomycete. 
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TABLE 2 
A summary of the second order model representations of the observed soil microbial growth inhibition 

ratios (R) and exposure concentrations of Cd (C1) and BDE209 (C2). 
 

Soil strain Incubation 
time (d) 

Multiple regression model R2 Sig. 

 
 
pseudomonas 
aeruginosa 

14 R=0.012 C1+0.002 C2-4.263×10-6 C1 
C2+0.046 

0.859 0.01 

21 R=0.006 C1+0.018 C2-2.186×10-5 C1 
C2+0.058 

0.914 0.01 

28 R=0.018 C1+0.035 C2+3.594×10-5C1 
C2+0.167 

0.925 0.01 

35 R=0.035 C1+0.002 C2+6.152×10-4 C1 
C2+0.255 

0.889 0.01 

 
 
actinomycete 

14 R=0.015 C1+0.029 C2-1.385×10-6C1 C2+0.172 0.961 0.01 

21 R=0.038 C1+0.0195 C2-5.967×10-5 C1 
C2+0.239 

0.895 0.01 

28 R=0.056 C1+0.007 C2-4.853×10-5 C1 
C2+0.452 

0.943 0.01 

35 R=0.067 C1+0.019 C2+4.769×10-4C1 
C2+0.581 

0.836 0.01 

 
 
fungi 

14 R=0.113 C1+0.117 C2-6.206×10-6 C1 
C2+0.133 

0.917 0.01 

21 R=0.257 C1+0.009 C2-3.471×10-5 C1 
C2+0.0553 

0.882 0.01 

28 R=0.025C1+0.036 C2-1.397×10-5 C1 C2+0.128 0.976 0.01 

35 R=0.035 C1+0.061 C2+3.258×10-4 C1 
C2+0.016 

0.885 0.01 

 
 
DISCUSSION AND CONCLUSIONS 
 

We employed microorganisms to examine the 
single and jointed effects of Cd and BDE-209 
exposure to allow direct comparison.During the 35 
days after exposure to low Cd concentrations, soil 
culturable microbial population of the treated 
samples were the same or only slightly different to 
the control.The application of moderate Cd 
concentration resulted in a significant increase in 
pseudomonas aeruginosa from 7 to 35 days of 
incubation time, the high Cd concentrations exerts 
an significantly inhibiting effect on the 
pseudomonas aeruginosa populations, similar 
trends were also observed in Actinomyceteat lower 
and moderate Cd concentration. The inhibition rate 
of fungi in Cd treatments did not have significant 
differences at all treatments, the inhibition rate of 
fungi increased slightly though all the incubation 
time in soils treated with Cd concentrationfrom 
moderate treatments to higher treatments. The order 
of inhibiting rate of culturable soil microbial 
populations under Cd pollution was proved to be: 
pseudomonas aeruginosa>actinomycetes>fungi. 
BDE-209 inhibited the growth of soil pseudomonas 

aeruginosa, fungin andActinomycetepopulations, 
even at a low concentration. During the entire 
incubation period, the population of the three soil 
microbes generally declined with increasing BDE-
209 concentration following certain dose response 
relationships. The inhibition ratios were dependent 
on incubation time, indicating a notable time-effect 
trend.Lower concentrations of Cd and the lower 
levels of BDE-209combination inhibited the 
pseudomonas aeruginosa growth, actinomycete 
also displayed the inhibitory effects exposed to 1.0 
mg/kg of BDE-209 and its combination with 1.0 
mg/kg of Cd, 35 d exposure later the pseudomonas 
aeruginosawas clearly inhibited by all levels of 
both chemicals.At relatively moderate level Cd and 
BDE-209, the inhibition of joint Cd and BDE209 
exposure on soil microbial population was stronger 
than that of either of the two chemicals. Generally, 
during the entire incubation period, the inhibition 
ratios of three microbial populations increased with 
increasing Cd+BDE-209 concentration and 
incubation time following certain dose-response 
relationships and time-effect trends, respectively. 
The sensitivity of soil microbial population 
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followed the order: pseudomonas aeruginosa>fungi 
>actinomycete. 
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ABSTRACT 
 

The effects of chitosan extracted from shrimp 
(Metapenaeus stebbingi) shell waste and 
commercial chitosan on fatty acid profile of 
European eel (Anguilla anguilla) fillet pieces 
during refrigerated storage were investigated. Fish 
pieces samples were treated with aqueous solution 
of 0.1 and 1% extracted and commercial chitosan, 
and then stored at 4°C for 18 days. The fillet pieces 
samples were analyzed periodically for fatty acid 
analysis. No statistically significant change was 
detected in the total saturated fatty acid (SFA) 
contents of eel fillet pieces in the all groups at the 
end of storage (p>0.05). There were no significant 
difference in monounsaturated fatty acid (MUFA) 
and polyunsaturated fatty acid (PUFA) contents of  
the groups added 1% extracted and commercial 
chitosan (p>0.05), while a  percentage decrease was 
determined in MUFA and PUFA contents of groups 
control, added 0.1% extracted and commercial 
chitosan at the end of storage (p<0.05). It was 
concluded appropriate to use chitosan obtained 
from shrimp shells not evaluated and discarded as 
waste products in Turkey during the storage of fatty 
fish like eel. 

 
 

KEYWORDS:  
Shellfish waste, Shrimp, Chitosan, European eel, Fatty 
acids 
 
 
INTRODUCTION 

 
Eel is one of the most important fatty fish 

species. In Turkey, the European eel is especially 
present in the rivers flowing into the Aegean and 
Mediterranean Sea, natural lakes and dams [1]. 
They are consumed fresh general, and the great 
majority of them are exported to Europe as fresh, 
frozen or smoked. It is quite susceptible to 
oxidation, especially due to its high fat content. 
Oxidation of fats causes unwanted changes in taste 
and flavor, deterioration in the structure of essential 
fatty acids, and loss in nutritional value. These 
changes occurring during the storage period could 

be delayed by synthetic antioxidants such as 
butylated hydroxyanisole (BHA) and butylated 
hydroxytoluene (BHT) and propyl gallate (PG). 
However, due to concern for the reliability of 
synthetic antioxidants used food industry, the 
interest in natural antioxidant has increased in 
recent years. At present, consumers prefer natural 
foods as much as possible, and therefore, studies to 
obtain natural antioxidants from different materials 
have been accelerated.  

Chitosan (ß-(1, 4)-2-amino-2-deoxy-D-
glucopyranose), is mainly made from crustacean 
shells, is the second most abundant natural and non-
toxic polymer in nature after cellulose [2]. Due to 
its non-toxic nature, antibacterial and anti-oxidative 
activity, film forming property, biocompatibility 
and biodegradability, chitosan has attracted much 
attention as a natural food additive [3]. Solubility 
and activity of chitosan having a polycationic 
characteristic are much higher than chitin and it is 
widely used in food practices. Being antioxidant 
and antimicrobial, chitosan is of great importance 
for the storage of foods. In addition, it has various 
other usage means such as clarifier for juice, edible 
films for the storage of fruit and vegetables, 
emulsifying, thickener and stabilizer substance and 
mordant [4]. There are plenty of studies on the 
quality of chitosan and its derivatives during the 
cold storage [5-11] and freeze storage [3, 12] of 
various fish species in the literature. On the other 
hand, there is very limited information about the 
effect of chitosan on fatty acid composition of fish. 
 
 
MATERIALS AND METHODS 

 
Materials. Chitosan was extracted from 

shrimp (Metapenaeus stebbingi) shells, using a 
chemical method [13]. The eels (Anguilla anguilla) 
were caught from Akyatan lagoon (Northeastern 
Mediterranean Sea). They were transferred in an 
insulated box with ice to the laboratory. The head, 
viscera, bone and skin were removed. The average 
weight of eel was 500-650 g (40 individuals; 10 
individuals for each group) and the fillets were cut 
into approximately 5 x 4 cm pieces. 
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Chitosan treatment. Chitosan was dissolved 
in acetic acid (1%) at two concentrations (1 and 
0.1%). Eel fillet pieces were dipped into the 
following solutions as different treatments for 5 
min: Control without any solutions, 0.1 and 1% 
(w/v) extracted chitosan (EC), 0.1 and 1% (w/v) 
commercial chitosan (CC). Then, samples were 
removed from the treatment solution, placed in 
sterile vacuum bags (Baglight, 20 x 25 cm, 400 mL, 
Interscience, Nom la Bretêche, France) and then 
vacuumed by Reepack equipment (Reepack, RV-
50, Seriate [BG], Milan, Italy). Samples were 
stored in the refrigerator for 18 days. All analyses 
were performed in triplicate on days 0, 3, 6, 9, 12 
and 18. 

 
Fatty acid analysis. Lipids were extracted by 

the method of Bligh and Dyer [14]. Extracted lipids 
were used to prepare the methyl ester by 
transmethylation using 2 M KOH in methanol and 
n-heptane. Lipid was dissolved in 2 mL of heptane 
followed by 4 mL of 2 M methanolic KOH. The 
mixture was centrifuged at 4,000 rpm for 10 min, 
and the heptane layer was taken for gas 
chromatography (GC) analysis [15]. 

 
Statistical analysis. The SPSS (Chicago, IL) 

software was used for the statistical analysis. 
Comparisons among groups were made using one 
way analysis of variance, and significant 

range tests at 5% confidence level. 
 
 

RESULTS AND DISCUSSION 
 
Changes in fatty acid composition of the 

European eel fillet pieces treated with chitosan at 
different concentrations are given in Table 1. 
Within these groups, the major fatty acids were 
palmitic acid (16:0), stearic acid (18:0), oleic acid 
(18:1), eicosapentaenoic acid (EPA, 20:5) and 
docosahexaenoic acid (DHA, 22:6). These fatty 
acids were found to be dominant by other studies 
on the fatty acid profiles of eel [16-18]. No 
statistically significant difference was determined 
in the total SFA content of the control group during 
the cold storage of eel fillet pieces (p>0.05), while a 
percentage decrease was observed in MUFA and 
PUFA contents (especially 15. and 18. days of 
storage) (p<0.05).  Similarly, significant decrease in 
PUFA content of various fish species were reported 
by related studies [19-20]. The highly unsaturated 
fatty acids mostly found in seafood are especially 
sensible to oxidative changes taking place 
throughout the storage period [6]. Such changes 
which can be observed in PUFA value throughout 
the storage period result from effortless oxidation 
of these fatty acids and enzymatic hydrolysis of 
lipids [6, 19, 21]. No significant changes occurred 

at the beginning and end of the storage in the rates 
of n3/n6 and EPA/DHA in control group (p>0.05).  

Considering the fatty acid profiles of the 
groups treated with both 0.1% extracted chitosan 
and 0.1% commercial chitosan, it can be seen that 
no change occurred in total SFA; a decrease was 
observed in total MUFA and PUFA at the end of 
the storage compared to the beginning (except for 
MUFA content of 0.1% CC group). During the 
storage of these groups in refrigerator, some 
changes were observed in the rates of n3/n6 and 
EPA/DHA; however, no significant difference 
observed between the first and last days of storage 
(p>0.05).   

No change was observed between the 
beginning and end of the storage despite percentile 
falls and rises in SFA, MUFA and PUFA values of 
the %1 extracted and commercial chitosan groups 
for some days during the storage. These results 
indicate the positive effect of chitosan, which not 
only we obtained individually but also we supplied 
commercially, on oxidation of fatty acids. Hence, 
various functional substances like nutraceuticals, 
antioxidants and antimicrobial agents might be 
carried efficiently by chitosan which is owing to the 
fact that there is a great density of amino groups 
and hydroxyl groups in polymer structure of the 
chitosan [22]. In parallel with this study, the effect 
of chitosan on fatty acid composition was 
researched. The n-3 fatty acid rate of chitosan 
uncoated fish samples was found between 0.45- 
0.74%, while that of chitosan coated samples was 
detected between 1.11- 2.27% [22]. In addition to 
the studies conducted on the effect of chitosan on 
fatty acid composition, positive effects of various 
natural and commercial antioxidant practices on 
fatty acid composition of fish were reported [20, 
23].  

To conclude, this study detected that fillet 
pieces of eel treated with 1% concentrations of both 
commercial and extracted chitosan have positive 
effects on MUFA and PUFA fatty acid profiles. 
The present study suggested that PUFA, highly 
susceptible to environmental conditions, could be 
saved as an alternative to commercial antioxidants 
with the chitosan from shrimp. To conclude, this 
study detected that fillet pieces of eel treated with 
1% concentrations of both commercial and 
extracted chitosan have positive effects on MUFA 
and PUFA fatty acid profiles. In general, shellfish 
wastes which are not utilized in aquaculture 
processing plants offer a great potential. When 
these wastes are transferred into sea without being 
used, they lead to significant problems such as 
environmental pollution and adversely affect 
human health. The use of wastes is a highly 
important issue in terms of both aquaculture 
industry and public health. This study is of 
importance in terms of not only obtaining food-
preservative substances which are safe for human  



© by PSP  Volume 25  No. 12/2016, pages 5287-5290  Fresenius Environmental Bulletin  

5289 
 

 

TABLE 1 
Fatty acid profiles of eel fillet pieces treated with chitosan during refrigerated storage 

 
Days/ 0.1% EC 1% EC 0.1% CC 1% CC Control 
SFA      

0 28.05±0.10a,1 28.32±0.52ab,12 29.28±0.12b,2 28.53±0.59ab,12 28,24±0,50a,1 
3 28.00±0.05a,1 28.01±0.07ab,1 28.37±0.41ab,1 28.98±0.11b,2 28,19±0,05a,1 
6 28.23±0.10a,123 27.67±0.03a,1 27.83±0.20a,12 28.31±0.37ab,23 28,72±0,25a,3 
9 28.41±0.02a,1 28.10±0.36ab,1 28.24±0.59ab,1 28.32±0.15ab,1 28,29±0,33a,1 

12 28.68±0.04a,1 28.05±0.48ab,1 28.20±0.80ab,1 28.55±0.52ab,1 28,16±0,21a,1 
15 28.69±0,06a,1 28,52±0,06b,1 29,11±0,03b,1 28,57±0,04ab,1 28,82±0,67a,1 
18 27.46±0,00a,1 28,05±0,10ab,12 29,08±0,39b,3 28,40±0,02ab,2 28,46±0,34a,2 

MUFA      
0 51.30±0.36ab,1 52,94±0,55ab,1 52,24±0,32a,1 54,79±1,17b,2 54,99±0,00ab,2 
3 51.26±0.41ab,1 53,36±0,36ab,23 53,63±0,05b,23 52,09±0,80a,12 54,43±0,86a,4 
6 53.78±0.08c,1 54,28±0,74ab,1 53,37±0,53ab,1 53,67±0,63ab,1 53,55±1,35a,1 
9 52.68±1.31bc,1 52,97±1,75ab,1 53,57±0,48b,1 53,54±0,14ab,1 54,28±0,09a,1 

12 53.02±0.73bc,1 54,53±0,78b,1 53,36±1,06ab,1 53,61±1,72ab,1 54,81±0,84ab,1 
15 52.16±1.55abc,1 52,05±0,87a,1 52,90±0,07ab,12 54,39±0,04ab,23 53,30±0,15a,2 
18 50.07±0.33a,1 53,41±0,79ab,2 53,34±0,05ab,2 54,96±0,78b,3 53,84±0,03a,3 

PUFA      
0 18,00±0,41b,4 16,94±0,32c,3 16,56±0,15c,23 16,09±0,21ab,12 15,69±0,07ab,1 
3 18,16±0,09b,2 16,59±0,03bc,1 15,74±0,19a,1 16,85±0,76b,1 15,80±0,52b,2 
6 15,84±0,04a,1 15,68±0,48ab,1 15,91±0,14a,1 16,00±0,80ab,1 16,01±0,75b,1 
9 16,33±1,29a,1 16,54±1,05bc,1 15,99±0,19a,1 15,96±0,42ab,1 16,18±0,17b,1 

12 16,30±0,03a,1 15,59±0,03ab,1 16,13±0,29ab,1 16,32±0,09ab,1 15,43±0,78ab,1 
15 16,57±0,09a,34 17,10±0,50c,4 15,70±0,04a,2 15,84±0,36ab,23 14,51±0,25a,1 
18 16,95±0,05ab,2 17,11±0,04c,3 15,83±0,21a,1 15,89±0,02ab,1 14,05±0,36a,1 

n3/n6      
0 1.61±0,07ab,1 2,37±0,06b,3 2,09±0,02a,2 2,08±0,01a,2 1,99±0,01a,2 
3 1,49±0,01a,1 2,30±0,03b,3 2,04±0,05a,2 2,25±0,04b,3 2,12±0,02a,2 
6 1,74±0,00ab,1 2,00±0,08a,2 2,06±0,00a,2 2,12±0,15a,2 2,06±0,11a,2 
9 2,23±0,17c,1 2,22±0,16ab,1 2,07±0,10a,1 2,00±0,01ab,1 2,02±0,01a,1 

12 2,17±0,00c,1 2,05±0,06a,1 2,12±0,05a,1 2,10±0,03ab,1 2,09±0,05a,1 
15 2,14±0,26c,1 2,42±0,13b,1 2,00±0,01a,1 2,06±0,02a,1 2,20±0,17a,1 
18 1,82±0,00ab,1 2,06±0,01a,2 2,07±0,04a,2 1,98±0,01a,2 2,07±0,06a,2 

EPA/DHA      
0 0,82±0,05a,4 0,62±0,03ab,23 0,54±0,00a,12 0,53±0,02ab,1 0,63±0,00ab,3 
3 0,68±0,03a,23 0,76±0,03b,3 0,58±0,00a,2 0,41±0,06a,1 0,62±0,07ab,2 
6 0,70±0,00a,1 0,51±0,00ab,1 0,60±0,12a,1 0,55±0,18ab,1 0,46±0,08a,1 
9 0,71±0,16a,1 0,71±0,18ab,1 0,60±0,02a,1 0,61±0,03b,1 0,55±0,03ab,1 

12 0,69±0,18a,1 0,72±0,05b,23 0,61±0,03a,1 0,58±0,01ab,1 0,60±0,16ab,1 
15 0,80±0,10a,3 0,73±0,07b,2 0,62±0,00a,12 0,49±0,02ab,1 0,72±0,02b,23 
18 0,87±0,01a,4 0,66±0,00ab,3 0,53±0,00a,1 0,63±0,01b,2 0,53±0,00ab,1 

Data are expressed as means ± standard deviation. Different letters within the column denote significant 
differences (p<0.05). Different number within the row denote significant differences (p<0.05). CC, commercial 
chitosan; EC, extracted chitosan.  
 
health and making them revenue for economy but 
also preventing the damage of unutilized wastes to 
the environment. Also study findings are 
considered to be useful for the economic use of 
shrimp wastes in Turkey and light the way for 
future studies on crustacean species. 
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QUANTITATIVE EVALUATION SYSTEM OF HABITAT 

ENVIRONMENTAL QUALITY IN YELLOW RIVER DELTAS 
 

Hou Kang, Li Xu-xiang* 

School of Human Settlements and Civil Engineering, , China 

ABSTRACT 

Habitat environmental quality is directly 
related to the socio-economic development in the 
rapid development regions. Analyzing quality of 
habitat environment can provide an effective basis 
for regional planning in Yellow River Deltas, 
including 18 counties. This evaluation system 
involves three aspects: resource carrying capacity, 
natural environment and socio-economic factors. 
And habitat environmental quality is quantitatively 
analyzed with the application of geographic 
information systems (GIS) software and principal 
component analysis (PCA) model. The results show 
that there is an obvious zonal distribution of habitat 
environmental quality index (HEQI) descending 
from east to west in Yellow River Delta. And 
distribution of the natural environmental index 
(NEI) and socio-economic index (SI) are consistent 
with distribution of HEQI. The medium inhabitable 
zone with the largest area proportion accounts for 
35.11%, the inhabitable zone accounts for 23.34%, 
the low inhabitable zone accounts for 18.08%, the 
high inhabitable zone accounts for 16.70%, and the 
uninhabitable zone only accounts for 6.76%.  

KEYWORDS: 
Quantitative evaluation system, Habitat environmental 
quality index, Principal component analysis, Geographic 
information systems (GIS) 

 
 
INTRODUCTION 

Yellow River Delta economic zone is China's 
largest delta. It adjoins Beijing and Tianjin in the 
north and Shandong Peninsula in the south, 
belonging to the National Nature Reserve of China. 
Due to the acceleration of urbanization habitat 
environmental quality has attracted more and more 
attention in Yellow River Delta. Because of the limit 
of natural resources, population and energy, the 
quality of habitat environment directly affect 
development of the society and economy [1,2]. 
Many aspects can affect the condition of habitat 
environmental quality, such as the natural 
environment and socio-economic factors [3,4]. The 

assessment of habitat environmental quality has 
been an indispensable part in city planning [5-8]. 
Most of the research focused on the limit scale, and 
lacked large-scale regional research. Then, they 
were short of the quantitative studies on spatial 
distribution of regional suitability of the habitat 
environment [9-13]. So it is important to build a 
quantitative evaluation system of habitat 
environment in Yellow River Delta.  

Because spatial analysis techniques are widely 
used in environmental evaluation, habitat 
environmental quality can be analyzed with using 
geographic information system (GIS) [14, 15]. 
Meanwhile, combing PCA model with GIS can 
objectively evaluate complex large-scale regions 
[16-18], and the habitat environmental quality index 
(HEQI) model was developed. Then this research 
quantitatively analyzed the spatial distribution of 
HEQI in the Yellow River Delta economic zone. 

 
 

MATERIALS AND METHODS 

Study area and data. Yellow River Delta is 
mainly distributed in the territory of Dongying and 
Binzhou in Shandong Province (Fig. 1). The study 

-
- Topography and 

vegetation coverage data was derived from 
interpretation of remote sensing data, which the 
serial numbers are (131 34), (130, 34), (129, 34), 
(128, 34), (130, 35) and (129, 35). Meteorological 
data was obtained from meteorological departments 
in Dongying and Binzhou. Socio-economic data was 
also obtained from Statistical Yearbooks of these 
counties in 2011. 

 
Assessment index. Because habitat 

environment involves many factors, how to select 
the representative factors is the key to this research. 
Generally, natural environmental factors and 
socio-economic factors should be reasonably 
selected [19]. The evaluation system includes three 
aspects: resource carrying capacity, natural 
environmental and socio-economic factors. 
Resource carrying capacity factors include 
population (population density, natural people 
growth rate), land resource (per capita wetland area, 
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FIGURE 1 

Location of the research area 
 

per capita farmland area), per capita water area and 
energy (unit energy consumption, energy 
consumption per unit of GDP). Natural environment 
factors include climate (annual sunshine time, 
annual precipitation, relative humidity, annual 
average temperature) and geography (vegetation 
coverage and elevation). Socio-economic factors 
include public service(number of cultural and 
artistic venues, postal traffic per capita, number of 
doctors/ten thousand  individuals, road density , per 
capita library collection, urban medical insurance 
coverage and passenger turnover, 
economy(rate/income ratio , GDP growth , GDP per 
capita, household consumption, per capita 
disposable income and per capita retail sales), life 
and settlement(per capita housing area , internet 
households rate, urban population density, family 
entertainment, education and cultural services 
spending, drinking water quality compliance rate, 
and sewage harmless). 

 
Evaluation system model. In the 

multifactorial evaluation system, all evaluation 
factors will be effectively converted into a 
comprehensive evaluation factor that is the key to 
environmental assessment [20, 21]. The essence of 
the principal component analysis (PCA) is to explain 
a large number of the variables in the original data 
with a small number of variables. And it is an 
objective method to account the comprehensive 
evaluation index as concisely as possible [22]. 
Assessment system of the habitat environmental 
quality contains a large number of different aspects 
of the factors. Using principal component analysis 
method can be a good rational analysis of 

multi-factor evaluation system, so habitat 
environmental quality index can be obtained by this 
method. The Habitat environmental quality index 
(HEQI) is defined as the sum of several weighted 
principal components as shown below: 

iinmnmnmxHEQI 2211)(
               

(1) 
Where, HEQI(x) is the habitat environmental 

quality index mi is the principal component 
weight ni is the standardized value.  
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i
i

i
i

x

x
m

1

   (2)                                             

Where xi is the contribution ratio of the i th 
principal component, and, i is the eigenvalue of the i 
th principal component. 

 
Classification of the habitat environmental 

quality. The classification of HEQI can clearly 
reflect changes in the habitat environmental quality. 
The natural breaks classification (NBC) method can 
effectively identify and classifies the interval. And 
then it can be appropriately grouped similar values 
and maximized the differences between the various 
classes [23]. NBC method was used to divide HEQI 
into five grades  uninhabitable (0.0043 ~ 5.2962), 
low inhabitable (5.2962 ~ 7.6247), inhabitable 
(7.6247 ~ 10.0943), medium inhabitable (10.0943 ~ 
13.1939) and high inhabitable (13.1939 ~ 17.8558) 
in this study. 

 
 

RESULTS AND DISCUSSION 

Extracting the habitat environmental 
quality index. On the basis of 31 evaluation factors, 

 by SPSS 
18.0 software. According to the cumulative 
contribution of principal components, the number of 
components is affirmed to be eight. The 
corresponding results are shown in Table 1.  

The higher HEQI value is, the more suitable 
habitat environmental quality is. According to 
formula (1) and Table 1, the habitat environmental 

 
TABLE 1 

The results of principal component analysis 
(PCA) 

Principal 
Component 

Eigenvalue 
xi  

Percentage of 
variance (%) 

1 7.820 25.227 
2 5.895 19.016 
3 3.816 12.311 
4 3.411 11.002 
5 2.676 8.631 
6 2.227 7.184 
7 1.669 5.383 
8 1.268 4.089 
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quality index (HEQI) can be calculated as follows:  

876

543

21

0441.00580.00774.0

0930.01185.01326.0

2048.02717.0

NNN

NNN

NNHEQI

(3) 

In this formula, HEQI is habitat environmental 
quality index, N1 ~ N8 are eight principal 
components from 31 initial spatial variables. 

 
Analysis of the HEQI grade. On the basis of 

the habitat environmental quality standard, map of 
the HEQI is classified as shown in Fig. 7. The 
medium inhabitable zone with the largest area 
proportion accounts for 35.11%, the inhabitable 
zone accounts for 23.34%, the low inhabitable zone 
accounts for 18.08%, the high inhabitable zone 
accounts for 16.70%, and the uninhabitable zone 
only accounts for 6.76%. Most of the study area 
presents that habitat environmental quality is at 
inhabitable, medium inhabitable, and high 
inhabitable levels, accounting for 75.15%, and it 
also reflects the quality of most regions is in a 
relatively good condition. 

    
Correlation analysis of main evaluation 

indexes and HEQI. The difference between natural 
environmental index (NEI) and habitat 
environmental quality index (HEQI) can be shown 
in Fig.3. HEQI of Laizhou is greater than other 
counties. The curve of HEQI has relatively large 
fluctuations, which also reflects that the 
development of habitat environment in this region is 
uneven. The NEI is an important factor to affect the 
HEQI in a certain degree. Although the NEI of 
Laizhou is in the relatively moderate level, it has 
better socio-economic conditions to make up for 
weaknesses of the natural environment. On the 
contrary, the backwardness of socio-economic 

conditions in Boxing and Changyi leads to the lower 
HEQI. Zhanhua County has the lowest NEI, so it 
leads to affect the habitat environment and has a 
lower HEQI than others.   

It has a great difference between habitat 
environmental quality index (HEQI) and resource 
carrying capacity index (RCCI). Some counties have 
the small RCCI value, and it reflects that the 
pressure of environmental resources is small, such as 
Laoling and Qingyun (Fig.3).However their habitat 
environmental quality indexes are lower than others. 
When the RCCI in these counties is higher, HEQI is 
at the lower level, which shows that the developing 
industrial cities have heavier load in the aspect of 
resources carrying capacity, including Zhanhua and 
Wudi. 

 The socio-economic indexes (SI) of Laizhou 
and Shouguang are higher than other counties. In 
economically developed regions, HEQI increases 
with the increase of SI (Fig.3). Some counties with 
lower SI are distributed in Qingyun, Wudi and 
Zhanhua. Also these counties have the lower HEQI 
value. Therefore, it can be seen that the economy 
factors are one of the main factors to affect the 
quality of habitat environment. 

 
Analysis maps of the main evaluation 

indexes. The regions of the high RCCI are mainly 
distributed in the energy cities of Yellow River 
Delta, such as Zhanhua and Dongying (Fig.4), and 
its distribution is related to the distribution of energy 
consumption and development. It reflects that the 
regional economic growth is dependent on 
traditional energy consuming. Due to the limit of 
technological innovation, development of Yellow 
River Delta has the problem of product structure and 
extensive growth modes, which leads to the 
excessive use of resources. 
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FIGURE 3 

The contrast between habitat environmental quality index (HEQI) and natural environmental index  
(NEI) resource carrying capacity index (RCCI) and socio-economic index (SI) 

 
 



© by PSP  Volume 25  No. 12/2016, pages 5291-5296   Fresenius Environmental Bulletin  

5294 
 

 

 
FIGURE 4 

Distribution of resources 
carrying capacity index (RCCI)                  

 

 
FIGURE 5 

Distribution of natural 
environmental index (NEI) 

 
The natural environmental index (NEI) is 

mainly distributed in descending order from east to 
west, which is consistent with the distribution of 
HEQI (Fig.5 and Fig.7). Laizhou, Changyi and 
Weifang are rich in natural resources. The western 
regions have the relatively low NEI, such as 
Zhanhua, Qingyun and Wudi. Influenced by marine 
soil and infiltration of seawater side, shallow 
underground fresh water reserves are small. Buried 
in 300-500 meters deep underground fresh water 

contains high iodine and fluorine content. Maybe it 
is the reason that NEI is relatively low in these 
places. Coupled with the backward of economic 
development, the HEQI index in these counties is 
much lower than other counties. 

The distribution of the higher socio-economic 
evaluation index is mainly in eastern areas, such as 
Laizhou, Shouguang and Weifang. This distribution 
is similar to distribution of HEQI (Fig.6 and Fig.7). 
The development of economy, transportation and 
municipal in Laizhou, Shouguang and Weifang is 
highest in this region, which leads to the higher 
HEQI. Because economic structure is not 
reasonable, the economic growth of some counties, 
such as Laoling, Qingyun, Wudi and Zhanhua, are 
less than the previous areas. 

 
Difference analysis of the habitat 

environmental quality index. The habitat 
environmental quality index of Yellow River Delta 
can be shown as Fig.7. There is an obvious zonal 
distribution in study area. The HEQI of Laizhou is 
higher than other counties, and habitat 
environmental quality indexes of eastern counties 
are better than western regions. 

Laizhou, Weifang and Shouguang are ranked 
in the forefront in the aspects of economic and 
transport, so it leads that their habitat environmental 
quality indexes are relatively higher than others. 
Although Dongying is the important industrial city 
in Shandong province, focusing on energy 
development and high resources carrying capacity 
make it a lower HEQI value. Dongying is the 
industrial base, and now is still the 
resource-consuming cities. Because the most 
counties in Yellow River Delta have the advantage 
of water resources and geographic position, the 
development in quality of human settlement 
environment is relatively favorable. 

 
 

CONCLUSION 

This study developed the habitat environmental 
quality model and quantitatively analyzed the 
habitat environmental quality in a typical zone
Yellow River Delta. In this study, there is an obvious 
zonal distribution of HEQI. The HEQI of Laizhou is 
higher than other counties, and habitat 
environmental quality indexes of eastern counties 
are better than western regions. By comparison the 
relationship between HEQI and main evaluation 
indexes, the distribution of NEI and SI are consistent 
with distribution of HEQI. 

The medium inhabitable zone with the largest 
area proportion accounts for 35.11%, the inhabitable 
zone accounts for 23.34%, the low inhabitable zone 
accounts for 18.08%, the high inhabitable zone  
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FIGURE 6 

Distribution of socio-economic 
evaluation index (SI) 

 
FIGURE 7 

Distribution of habitat environmental 
quality index (HEQI) 

 
accounts for 16.70%, and the uninhabitable zone 
only accounts for 6.76%. Most of the study area 
shows that the range of the habitat environmental 
quality index is at inhabitable, medium inhabitable, 
and high inhabitable levels, accounting for 75.15%, 
which also illustrates the quality of most regions is 
in relatively good condition. 

Because of using GIS software and PCA 
model, the multiple factors model for assessing the 
system of habitat environmental quality was built. 
The results closely reflected the real situation of 
Yellow River Delta. But the evaluation factors are 

based on counties, the system requires a more 
detailed evaluation unit and spatial pattern. 
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ABSTRACT 

 
Polyhydroxybutyrates (PHB) are bacterial 

plastic that can replace the petroleum-based plastic. 
Many bacteria have the ability to synthesize PHB as 
intracellular granules. PHB granules are water-
insoluble, relatively resistant to hydrolytic 
degradation biocompatible and nontoxic. It has a 
good oxygen permeability and ultra-violet 
resistance. Therefore, PHB have many useful 
applications in the manufacture of packaging 
containers, bottles, wrapping films, bags and so 
forth. The aim of this study is to evaluate the PHB 
yield of Bacillus sp., Pseudomonas sp. and 
Azotobacter sp. isolated from different garden soils. 
Besides, PHB productivity was optimized using 
various carbon, nitrogen sources, temperature and 
pH.  Among total 121 isolates, 42 isolates have 
synthesized PHB. The results showed that the 
highest PHB production was with glucose (0.219 gL-

1) as carbon source, glycine (0.212 gL-1) and peptone 
(0.206 gL-1) as nitrogen source, with a temperature 
of 30 oC (0.215 gL-1) and at 7.0 of pH (0.206 gL-1) 
by Azotobacter sp. A18. 

 
 
KEYWORDS: 
Poly- -Hydroxybutyrate, Bacteria, Isolation, Extraction, 
Optimization 
 
 
INTRODUCTION 

 
Plastics products are indispensable from 

automobiles to medicine in our lives. We used 
plastics and synthetic polymers are produced from 
petrochemicals. As synthetic plastics are persistent 
in the environment, plastic materials are a substantial 
source of environmental pollution and damage 
natural habitats. Several 100,000 tons of plastic are 
disposed in marine environments every year and 
accumulated in certain oceanic regions. In this case, 
approximately 1.000.000 sea creatures are dies every 
year [1]. With the advancement of biotechnological 
research, the production of environmentally friendly 
plastic produced by microorganisms has been the 
focus of researchers. Although, 

polyhydroxyalkanoates (PHA ) are bacterial 
plastics, they could also be synthesized by many 
prokaryotic and eukaryotic microorganisms in the 
appropriate growth conditions. 
Polyhydroxybutyrates (PHB ) are the most 
significant member of polyhydroxyalkanoates first 
described by Lemoigne in Bacillus megaterium [2]. 

PHB is an energy and carbon reserve material 
in microorganisms that is accumulated as 
intracellular granules by Bacillus spp., Azotobacter 
spp., Pseudomonas spp. PHB are synthesized under 
the condition of limiting nutritional elements such as 
N, P, S, O or Mg in the presence excess carbon 
source [3]. 

PHB granules are water-insoluble, relatively 
resistant to hydrolytic degradation biocompatible 
and nontoxic. It has a high oxygen permeability and 
ultra-violet resistance. Therefore, PHB have many 
obvious applications in the manufacture of 
packaging containers, bottles, wrapping films, bags 
and the like. They also important medical uses as 
well, serving a surgical pins, stables, wound 
dressing, bone replacements and plates, and 
biodegradable carriers for the long-term release of 
medicines [4].  

In this study, Azotobacter, Pseudomonas and 
Bacillus sp. in the soils taken from various fruit 
gardens were isolated and identified. Then, PHB 
productions by these bacteria were screened and then 
the amount of PHB production under different 
carbon, nitrogen sources, temperature and pH were 
determined. 

 
 

MATERIALS AND METHODS 
 
Isolation and identification of 

microorganisms. Various soil samples were taken 
from different nine fruit gardens and lawn soil of 
Aydin in Turkey. The garden soil samples used in 
this study were collected from 0-15 cm layer. Each 
one gram of the sample was suspended in 99 mL of 
sterile distilled water and shaken. The samples were 
heated at 80 oC for 5 min in water bath for Bacillus 
sp. isolation from soil. Mannitol Agar Medium (10 g 
mannitol, 0.5 g K2HPO4, 0.2 g MgSO4.7H2O, 0.2 g 
NaCl, 0.2 g FeCl3.6 H2O, 0.005 g), Pseudomonas 
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Selective Agar (Difco) and Nutrient Agar (Sigma) 
were used for isolation of Azotobacter sp., 
Pseudomonas sp. and Bacillus sp. respectively. 
Later, the liquid media were serially diluted in sterile 
0.85% FTS (NaCl) solution and the dilutions from 
10-1 to 10-6 were placed on Agar Medium. Plates 
were incubated at 28-37 oC for 24-48 h. For 
identification of isolated bacteria the bacterial strains 
were examined by Gram staining, morphological 
and biochemical characteristics using standard 
methods. The following biochemical tests were 
used: utilization of glucose, sucrose, mannitol, 
citrate, VP test, nitrate reduction, starch and gelatine 
hydrolysis, catalase [5]. 

 
Identification of PHB by Sudan Black 

method. Sudan Black stain was used to determine 
the PHB production of isolates. Sudan Black 
solution was added to the heat fixed bacterium 
culture samples and kept for 10 min. Decolorization 
process was performed by xylene end time. Later, 
safranine was added on slide and dried for 10 
seconds. The inclusion bodies were visualized at 
100x magnification using immersion oil under light 
microscope [6]. 

 
PHB production and extraction. Nutrient 

Broth containing 6% NaCl at pH 7.0 was used as 
basic medium for PHB production [7]. The isolates 
were inoculated to 100 mL of the production 
medium in a 250 mL Erlenmeyer flaskand kept for 
incubation at 37 oC for 7 days. 

PHB extraction was carried out by using 
sodium hypochlorite and chloroform [8- 10]. For 
PHB essays, stok cultures were inoculated into 100 
mL of Nutrient Broth medium containing 6% NaCl 
in a 250 mL Erlenmeyer flask and measured the 
absorbance at 600 nm (OD 0.3-0.5). The new 
cultures were started by inoculating 2% of the 
culture supernatant and incubated at 30-37 oC for 48 
h at 120 rpm in a shaker. At the end of incubation, 

cells were collected by centrifugation at 8,000 
rpm for 30 min at +4 oC and washed in phosphate 
buffered saline (PBS). The supernatant was removed 
and pellets were dried at 50 oC overnight and their 
weights determined. Chloroform and 6% sodium 
hypochlorite were added to the cell pellets and kept 
at +4oC overnight. 2N HCl solution (1:1) was added 
to the samples and kept for 2 h at 100 oC in water-
bath and centrifuged at 5000 rpm for 20 min at +4 
oC. Later,  5 mL chloroform was added to pellet and 
incubatedat 30 oC overnight at 120 rpm. The 
precipitate was again centrifuged at 5000 rpm for 20 
min at +4 oC. Chloroform was evaporated for 20 
min. at 40 ºC and 5 mL H2SO4 was added to the 
pellet tube and kept for 20 min. at 100 oC in water-
bath. PHB content in this mixture was quantified by 
measuring the absorbance at 235 nm. 

 
Effects of carbon, nitrogen sources, pH and 

temperature on PHB production. To determine the 
effects of different carbon and nitrogen sources, we 
used glucose, sucrose, maltose, lactose (2 gmL-1), L-
glycine, potassium nitrate, ammonium sulphate and 
peptone (0.2 gmL-1) as carbon and nitrogen sources, 
respectively. In addition, PHB production was tested 
at different pH (5.0-9.0) and temperature (25-40 oC). 

 
 

RESULTS AND DISCUSSION 
 
Isolation and identification of 

microorganisms. A total of 121 bacterial colonies 
were isolated from ten different soil samples. We 
identified 47 of them as Bacillus sp., 35 of them as 
Pseudomonas sp. and 39 of them Azotobacter sp. 
according to used morphological and biochemical 
tests (Fig. 1). 

Morphological and biochemical characteristics 
of Bacillus sp., Pseudomonas sp. and Azotobacter 
sp. are given in Table 1, 2 and 3, respectively. 

 

 
FIGURE 1 

Image of Azotobacter sp., Bacillus sp. and Pseudomonas sp. colonies on isolation medium. 
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TABLE 1 
Morphological and biochemical characteristics of Bacillus sp. from different soil samples. 

 
Number 
of 
isolates 

Site of 
collection 

Gram 
characteristic 

Shape 
of cell 

 
Endospore 

 
G 

 
S 

 
M 

 
NR 

 
NH 

 
VP 

 
C 

 
JH 

 
CA 

 
Identification 

B1 1 + Bacil + + + + + + + + + + Bacillus sp. 
B2 1 + Bacil + + + + + + + + + + Bacillus sp. 
B4 1 + Bacil + + + + + + + + + + Bacillus sp. 
B5 2 + Bacil + + + + + + + + + + Bacillus sp. 
B6 2 + Bacil + + + + + + + + + + Bacillus sp. 
B7 2 + Bacil + + + + + + + + + + Bacillus sp. 
B8 2 + Bacil + + + + + + + + + + Bacillus sp. 
B9 2 + Bacil + + + + + + + + + + Bacillus sp. 
B10 3 + Bacil + + + + + + + + + + Bacillus sp. 
B11 3 + Bacil + + + + + + + + + + Bacillus sp. 
B12 3 + Bacil + + + + + + + + + + Bacillus sp. 
B13 3 + Bacil + + + + + + + + + + Bacillus sp. 
B14 3 + Bacil + + + + + + + + + + Bacillus sp. 
B15 4 + Bacil + + + + + + + + + + Bacillus sp. 
B16 4 + Bacil + + + + + + + + + + Bacillus sp. 
B17 4 + Bacil + + + + + + + + + + Bacillus sp. 
B18 4 + Bacil + + + + + + + + + + Bacillus sp. 
B19 5 + Bacil + + + + + + + + + + Bacillus sp. 
B20 5 + Bacil + + + + + + + + + + Bacillus sp. 
B21 5 + Bacil + + + + + + + + + + Bacillus sp. 
B22 5 + Bacil + + + + + + + + + + Bacillus sp. 
B23 6 + Bacil + + + + + + + + + + Bacillus sp. 
B24 6 + Bacil + + + + + + + + + + Bacillus sp. 
B25 6 + Bacil + + + + + + + + + + Bacillus sp. 
B26 6 + Bacil + + + + + + + + + + Bacillus sp. 
B27 7 + Bacil + + + + + + + + + + Bacillus sp. 
B28 7 + Bacil + + + + + + + + + + Bacillus sp. 
B29 7 + Bacil + + + + + + + + + + Bacillus sp. 
B30 7 + Bacil + + + + + + + + + + Bacillus sp. 
B31 7 + Bacil + + + + + + + + + + Bacillus sp. 
B32 8 + Bacil + + + + + + + + + + Bacillus sp. 
B33 8 + Bacil + + + + + + + + + + Bacillus sp. 
B34 8 + Bacil + + + + + + + + + + Bacillus sp. 
B35 8 + Bacil + + + + + + + + + + Bacillus sp. 
B36 8 + Bacil + + + + + + + + + + Bacillus sp. 
B37 9 + Bacil + + + + + + + + + + Bacillus sp. 
B38 9 + Bacil + + + + + + + + + + Bacillus sp. 
B39 9 + Bacil + + + + + + + + + + Bacillus sp. 
B40 9 + Bacil + + + + + + + + + + Bacillus sp. 
B41 9 + Bacil + + + + + + + + + + Bacillus sp. 
B43 10 + Bacil + + + + + + + + + + Bacillus sp. 
B44 10 + Bacil + + + + + + + + + + Bacillus sp. 
B45 10 + Bacil + + + + + + + + + + Bacillus sp. 
B46 10 + Bacil + + + + + + + + + + Bacillus sp. 
B47 10 + Bacil + + + + + + + + + + Bacillus sp. 

1: Onion garden soil, 2:Vineyard land, 3:Olive garden soil, 4: Mulberry garden soil, 5:Plum garden soil, 6:Fig garden soil, 7:Lemon garden soil, 8:Lawn soil, 9: 
Quince garden soil, 10: Pomegranate garden soil 
G:Glucose, S:Sucrose, M:Mannitol, NR:Nitrate Reduction, NH:Starch Hydrolysis, VP: Voges-Proskauer, C:Citrate, JH:Gelatin Hydrolysis, CA:Catalase 
 

TABLE 2 
Morphological and biochemical characteristics of Pseudomonas sp. from different soil samples. 

Number 
of 
isolates 

Site of 
collection 

Gram 
characteristic 

Shape 
of cell 

Endospore G L S M NR NH  H2S C JH CA Identification 

P1 4 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P2 7 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P3 7 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P4 7 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P5 2 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P6 2 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P7 2 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P8 2 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P9 8 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P10 8 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P11 8 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P12 10 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P13 10 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P14 10 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P15 9 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P16 9 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P17 3 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P18 3 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P19 3 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P20 3 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P21 3 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P22 3 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P23 3 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P24 3 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P25 1 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P26 1 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P27 1 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P28 1 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P29 1 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P30 5 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P31 5 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P32 5 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P33 5 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P34 5 - Bacil - - - - - + - - + + + + Pseudomonas sp. 
P35 5 - Bacil - - - - - + - - + + + + Pseudomonas sp. 

1: Onion garden soil, 2:Vineyard land, 3:Olive garden soil, 4: Mulberry garden soil, 5:Plum garden soil, 6:Fig garden soil, 7:Lemon garden soil, 8:Lawn soil, 9: Quince garden soil, 10: 
Pomegranate garden soil 
G:Glucose, L:Lactose, S:Sucrose, M:Mannitol, NR: Nitrate Reduction, NH:Starch Hydrolysis, I:Indole H2S:H2S Production,C:Citrate, JH:Gelatin Hydrolysis, CA:Catalase 
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TABLE 3 
Morphological and biochemical characteristics of Azotobacter sp. from different soil samples. 

Number 
of 
isolates 

Site of 
collection 

Gram 
characteristic 

Shape of 
cell 

G F NR U  H2S C CA Identification 

A1 6 - Bacil + + + + + + + + Azotobacter sp 
A2 6 - Bacil + + + + + + + + Azotobacter sp 
A3 6 - Bacil + + + + + + + + Azotobacter sp 
A4 6 - Bacil + + + + + + + + Azotobacter sp 
A5 6 - Bacil + + + + + + + + Azotobacter sp 
A6 6 - Bacil + + + + + + + + Azotobacter sp 
A7 6 - Bacil + + + + + + + + Azotobacter sp 
A8 6 - Bacil + + + + + + + + Azotobacter sp 
A9 6 - Bacil + + + + + + + + Azotobacter sp 
A10 6 - Bacil + + + + + + + + Azotobacter sp 
A11 6 - Bacil + + + + + + + + Azotobacter sp 
A12 8 - Bacil + + + + + + + + Azotobacter sp 
A13 8 - Bacil + + + + + + + + Azotobacter sp 
A14 8 - Bacil + + + + + + + + Azotobacter sp 
A15 8 - Bacil + + + + + + + + Azotobacter sp 
A16 8 - Bacil + + + + + + + + Azotobacter sp 
A17 8 - Bacil + + + + + + + + Azotobacter sp 
A18 8 - Bacil + + + + + + + + Azotobacter sp 
A19 8 - Bacil + + + + + + + + Azotobacter sp 
A20 8 - Bacil + + + + + + + + Azotobacter sp 
A21 8 - Bacil + + + + + + + + Azotobacter sp 
A22 8 - Bacil + + + + + + + + Azotobacter sp 
A23 8 - Bacil + + + + + + + + Azotobacter sp 
A24 8 - Bacil + + + + + + + + Azotobacter sp 
A26 8 - Bacil + + + + + + + + Azotobacter sp 
A27 8 - Bacil + + + + + + + + Azotobacter sp 
A27 7 - Bacil + + + + + + + + Azotobacter sp 
A28 7 - Bacil + + + + + + + + Azotobacter sp 
A29 7 - Bacil + + + + + + + + Azotobacter sp 
A30 7 - Bacil + + + + + + + + Azotobacter sp 
A31 7 - Bacil + + + + + + + + Azotobacter sp 
A32 7 - Bacil + + + + + + + + Azotobacter sp 
A33 7 - Bacil + + + + + + + + Azotobacter sp 
A34 7 - Bacil + + + + + + + + Azotobacter sp 
A35 7 - Bacil + + + + + + + + Azotobacter sp 
A36 7 - Bacil + + + + + + + + Azotobacter sp 
A37 7 - Bacil + + + + + + + + Azotobacter sp 
A38 7 - Bacil + + + + + + + + Azotobacter sp 
A39 7 - Bacil + + + + + + + + Azotobacter sp 

1:Onion garden soil, 2:Vineyard land, 3:Olive garden soil, 4: Mulberry garden soil, 5:Plum garden soil, 6:Fig garden soil, 7:Lemon garden soil, 8:Lawn soil, 9: 
Quince garden soil, 10: Pomegranate garden soil 
G:Glucose, F:Fructose, NR: Nitrate Reduction, U:Ureaze, I:Indole, H2S:H2S production, C:Citrate, CA:Catalase 
Note: Onion garden soil (1), vineyard land (2), olive garden soil (3), mulberry garden soil (4), plum garden soil (5), quince garden soil (9) and pomegranate garden 
soil (10) were used for Azotobacter sp. but, it was not isolated.  

 

 
FIGURE 2 

Identification of PHB by Sudan Black staining method (100x magnification). 
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Identification of PHB. PHB productions of 
Bacillus sp., Pseudomonas sp. and Azotobacter sp. 
were tested with Sudan Black staining method. 
According to the method, PHB was the black 
granules inside pink cell walls (Fig. 2). 

 
PHB production and extraction. A total of 

121 isolates of bacteria were screened for 
identification of PHB by Sudan Black staining 
method at 100x magnification. PHB granules were 
found 42 of bacterial isolates under microscope. 
Quantification of PHB was determined from these 
bacterial isolates (Table 4). 

A18 isolate (Azotobacter sp.) displayed 
the highest output of PHB among the screened 
isolates, thus it has been used in the remainder of the 
study. 

 
Effects of carbon, nitrogen sources, pH and 

temperature on PHB production. To determine the 
effects of different carbon and nitrogen sources, we 
have used glucose, sucrose, maltose, lactose (2 gmL-

1), L-glycine, potassium nitrate, ammonium sulphate 
and peptone (0.2 gmL-1) respectively as carbon and 
nitrogen sources.In addition, PHB production was 
also tested at a wide range of pH (5.0-9.0) and 
temperature (25-40 oC).

 
TABLE 4 

Isolates producing PHB and PHB production quantity. 
 

Number of 
isolates 

Identification Dry weight of cell  
(gL-1) 

PHB  
(gL-1) 

Output of PHB 
(%) 

B1 Bacillus sp. 0.45 0.082 18 
B8 Bacillus sp. 0.26 0.071 28 
B10 Bacillus sp. 0.31 0.052 17 
B12 Bacillus sp. 0.54 0.125 23 
B15 Bacillus sp. 0.40 0.065 16 
B20 Bacillus sp. 0.37 0.075 20 
B23 Bacillus sp. 0.48 0.094 20 
B27 Bacillus sp. 0.51 0.105 21 
B30 Bacillus sp. 0.73 0.095 13 
B33 Bacillus sp. 0.41 0.075 18 
B35 Bacillus sp. 0.55 0.120 22 
B37 Bacillus sp. 0.48 0.115 25 
B40 Bacillus sp. 0.65 0.096 15 
B42 Bacillus sp. 0.52 0.100 19 
B44 Bacillus sp. 0.35 0.086 25 
B45 Bacillus sp. 0.20 0.042 21 
B47 Bacillus sp. 0.62 0.124 20 
P4 Pseudomonas sp. 0.50 0.092 18 
P7 Pseudomonas sp. 0.33 0.085 25 
P11 Pseudomonas sp. 0.29 0.063 22 
P16 Pseudomonas sp. 0.76 0.135 17 
P19 Pseudomonas sp. 0.32 0.084 26 
P22 Pseudomonas sp. 0.60 0.105 18 
P27 Pseudomonas sp. 0.55 0.098 18 
P30 Pseudomonas sp. 0.32 0.060 19 
P33 Pseudomonas sp. 0.64 0.132 21 
P35 Pseudomonas sp. 0.52 0.075 14 
A3 Azotobacter sp. 0.41 0.063 15 
A5 Azotobacter sp. 0.32 0.076 24 
A7 Azotobacter sp. 0.45 0.080 18 
A10 Azotobacter sp. 0.51 0.095 19 
A12 Azotobacter sp. 0.35 0.072 21 
A15 Azotobacter sp. 0.47 0.094 20 
A18 Azotobacter sp. 0.34 0.145 42 
A21 Azotobacter sp. 0.38 0.095 25 
A24 Azotobacter sp. 0.61 0.104 17 
A26 Azotobacter sp. 0.43 0.092 21 
A29 Azotobacter sp. 0.30 0.082 27 
A32 Azotobacter sp. 0.59 0.100 17 
A35 Azotobacter sp 0.35 0.098 28 
A38 Azotobacter sp. 0.53 0.102 19 
A39 Azotobacter sp. 0.42 0.085 20 

 
TABLE 5 

PHB production on different carbon and nitrogen sources by Azotobacter sp. A18. 
 

Carbon and Nitrogen Sources Dry weight of cell 
(gL-1) 

PHB 
(gL-1) 

Output of PHB 
(%) 

Glucose 0.36 0.219 61 
Sucrose 0.38 0.210 55 
Maltose 0.40 0.165 41 
Lactose 0.42 0.194 46 
Glycine 0.37 0.212 57 
Potassium nitrate 0.42 0.175 42 
Ammonium sulfate 0.40 0.164 41 
Peptone 0.35 0.206 59 
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TABLE 6 
PHB production on different temperature and pH by Azotobacter sp. A18. 

 
Temperature and pH Dry weight of cell  

(gL-1) 
PHB  
(gL-1) 

Output of PHB  
(%) 

25 oC 0.38 0.205 54 
30  oC 0.35 0.215 61 
35  oC 0.38 0.194 51 
40  oC 0.33 0.101 31 
pH  5.0 0.30 0.125 42 
pH  6.0 0.35 0.169 48 
pH  7.0 0.36 0.206 57 
pH  9.0 0.34 0.155 46 

 
 

The PHB production of A18 isolate for the 
various carbon, nitrogen sources, pH and 
temperature were shown in Table 5 and 6.  

Four different carbon sources as glucose, 
sucrose, maltose and lactose were used for PHB 
production by Azotobacter sp. A18. Among these 
carbon sources, glucose was found to be the most 
effective (0.219 gL-1) one. In sucrose and lactose 
containing medium, the PHB production was 0.210 
gL-1 and 0.194 gL-1, respectively. However, the PHB 
production was found to be the lowest (0.165 gL-1) 
in maltose-containing medium, (Table 5).  

In this study, glycine, potassium nitrate, 
ammonium sulphate and peptone were used as 
nitrogen sources. Among nitrogen sources applied, 
glycine and peptone was found to be the best ones as 
a nitrogen source (0.212 gL-1-0.206 gL-1). The PHB 
yield was 0.175 gL-1 in potassium nitrate-containing 
medium,. However, the PHB yieldobtained in 
amonium sulphate- containing medium was the 
lowest (0.164 gL-1) (Table 5). 

In addition to the carbon and nitrogen sources, 
the effect of temperature and pH on the PHB 
production were also tested. The PHB yields in basic 
medium at different temperatures for Azotobacter sp. 
A18 were in the range 0.101 to 0.215 gL-1. However, 
the PHB yields in basic medium at different pH were 
found in the range of 0.155 to 0.206 gL-1. According 
to the results of this assay, optimum temperature was 
found to be 30 °C (0.215 gL-1) and optimum pH was 
determined as 7.0 (0.206 gL-1) for PHB production 
(Table 6). 

PHB is synthesized by many bacteria such as 
Bacillus sp., Pseudomonas sp., Azotobacter sp.  The 
yield of the biosynthesis process depends on many 
factors such as carbon and nitrogen source, C/N 
ratio, temperature, pH and time [9-17].  

Yuksekdag et al. [11] carried out PHB 
production using Bacillus subtilis 25 and Bacillus 
megaterium 12 using different carbon and nitrogen 
sources. Their results showed that the best PHB 
productivity was on glucose (0.240-0.310 gL-1) and 
proteaz peptone (1.023-0.069 gL-1) as carbon and 
nitrogen sources, respectively. 

Tamdogan and Sidal [12] investigated PHB 
production by Bacillus subtilis ATCC 6633 at 
different carbon and nitrogen sources, temperatures 
and pH. According to the study, the highest PHB 

production was found in mannitol (23.6623 μgmL-1) 
and glycine (14.6217 μgmL-1) as carbon and 
nitrogen sources. Besides, optimum temperature and 
pH were found to be 30 oC and pH 7.0 (10.4981 
μgmL-1), respectively. 

Lasemi et al. [13] explored the effects of 
temperature, carbon and nitrogen source 
concentrations on PHB production of Azotobacter 
beijerinckii DSMZ 1041. The highest PHB 
production (5.84 gL-1) was obtained in concentration 
of glucose (50 gL-1) and ammonium chloride (1.5 gL-

1) for carbon and nitrogen sources, respectively.  In 
addition the optimum temperature for PHB 
production was at 30 oC. 

Muralidharan et al. [9] researched PHB 
production of Pseudomonas aeruginosa MTCC 
4673 different carbon and nitrogen sources. They 
found out that medium which contains glucose (8.5 
mgL-1) and peptone (8.9 mgL-1) is more effective 
than sucrose, lactose, maltose, ammonium sulphate 
and tryptone. 

Zhang et al., [14] reported that Bacillus 
megaterium R11 accumulated maximum PHB in 
medium containing glucose and xylose as carbon 
sources. Besides, tryptone was found as its best 
nitrogen source. PHB production (51.3%) was 
obtained from Bacillus megaterium R11.  

Bora [15] demostrated that Bacillus 
megaterium OU303A synthesized the best amount of 
PHB in medium containing glucose, mannitol, 
maltose, lactose and Na succinate. However Bacillus 
sp. yielded lower PHB when lactose or Na-succinate 
was used as carbon source. 

Chandani et al., [16] optimizated PHB 
production at different carbon and nitrogen sources, 
temperature and pH of Bacillus tequilensis NCS-3. 
The isolate output the most PHB (1.75 gL-1) using 
fructose and tryptone as carbon and nitrogen sources 
at 30 oC and pH 6. 

Bhagowati et al., [17] used dextrose, lactose, 
sucrose, maltose, fructose, and galactose as carbon 
sources for PHB production by Bacillus spp. 
According to the study, maltose (5.63 gL-1) was 
found to be the most suitable carbon source for the 
accumulation of PHB in Bacillus spp. 

Considering the articles above, it can be 
understood that best PHB production of Bacillus sp., 
Pseudomonas sp. and Azotobacter sp. were on 
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glucose, mannitol, glycine, proteaz peptone, peptone 
and ammonium chloride as carbon and nitrogen 
sources. Other tested carbon and nitrogen sources 
(arabinose, sucrose, maltose, lactose, ammonium 
sulphate and tryptone) displays relatively lower level 
of PHB production. Based on the carbon and 
nitrogen sources tested, change in PHB production 
amount become dissimilar in metabolic PHB 
synthesis pathways. 

Results of this research were in accord with the 
results of previous studies. Our study showed that 
PHB production was depend on various carbon, 
nitrogen sources, temperature and pH. As a result, 
PHB synthesized by some bacteria is a substantial 
material and its use is widespread as industrial. 
Therefore, optimization studies carried out on 
maximum PHB production for industrial use are 
appreciable. The data obtained from this study would 
lead the future work. 

 
 

CONCLUSIONS 
 

In this study, a total 121 bacteria were isolated 
from different ten soil samples as Bacillus sp., 
Pseudomonas sp. and Azotobacter sp. and strains 
these bacteria were screened in terms of PHB 
production in order to make optimization to increase 
the yield of PHB. According to result of these 
screening, maximum PHB yield was found in 
Azotobacter sp. A18. Therefore, the isolate was used 
for PHB optimization. Different carbon and nitrogen 
sources, temperature and pH were assayed for PHB 
efficiency by Azotobacter sp. A18. The highest PHB 
production was obtained from glucose, sucrose and 
peptone as a carbon and glycine as a nitrogen sources 
at 30 oC for pH 7.0. As a result of the optimization, 
output of PHB reached from 42% to 61%.  
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ABSTRACT 
 

 
 
 

 

 
 
 
INTRODUCTION 

 

 
The most effective method for combating 

weeds on sugar beet agriculture is chemical combat.  
But pesticides must be applied sensitively and 
carefully and causing a minimum of drug loss due to 
drugs used in chemical control affecting human 
health, the environment and the natural balance in a 
negative way and rising production costs [2]. As a 
result of intense and unconscious use of agricultural 

pesticides, used pesticide itself or its conversion 
products can remain in food, soil, water and air. Its 
negative effects on non-target other organisms and 
humans is seen and the natural balance is disturbed 
[3]. 
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MATERIALS AND METHODS 
 

 
 

 
 

 

 
FIGURE 1 

Testing apparatus 
1. Control unit 2. Pressure pump 3. Filter 4. Spraying tank, 5. Computer 6. Horizontal position 

profile, 7. Vertical position profile, 8. Webcam 9. Spraying nozzle, 10. Lighting system, 11. 
Induction motor, 12. Pulley, 13. Gear, 14. Tires, 15. Steel cables, 16. Ray, 17. Switches 
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FIGURE 2 
Solenoid valve, spraying nozzle and web 

camera 
 
 

 

 

 

 

 
  

 
 

FIGURE 3 
Matlab screenshot of spraying between rows  
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FIGURE 4 

Image processing steps for the selection of plant 
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FIGURE 5 
Images on which spraying liquid was 

applied 
 

  
FIGURE 6 

Binary image data belonging to area of weeds and spraying liquid 
 

  

 
FIGURE 7 

a) The area of the weed on which there is spraying liquid  
b) The area of the weed on which there is not spraying liquid  

c) The area on which there is spraying liquid and there is not spraying liquid 
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RESULTS AND DISCUSSION 

 

 

 

 

 

 

 

 
 

 
FIGURE 8 

Flow diagram of spraying weeds between 
rows 

 
 
CONCLUSIONS 
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FIGURE 9 

Percentages rate change of the precision spraying robot s rate of covering according to different 
speed values 

a) lamb's quarters      b) musk thistle       c) prickly lettuce        d) cockspur grass 
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THE STUDY ON EXPLOITATION, UTILIZATION AND 
ENVIRONMENTAL EFFECTS OF WIND RESOURCES 

IN LIAONING PROVINCE, CHINA 
 

Zhidong Li, Shushen Zhang *, Shuming Ma 
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ABSTRACT 

 
Wind energy as a kind of renewable clean 

energy is considered to be one of the new 
energies with a bright prospect for 
development. The development and utilization 
of the rich wind energy resource in the 
Liaoning province has and would continue to 
have bright further. We used WAsP model to 
calculate wind resource distribution in 
Liaoning province, which will provide a basis 
for wind fa  Meanwhile, this 
article also introduces current situation of wind 
farm-built in Liaoning province. Wind 
farms-built replace coal consumption which 
will reduce pollutants emission, greenhouse 
gas (GHG), SO2 and NOX and so on. These are 
one of the most significant factors in 
promoting the development of wind power in 
China. The calculation of environmental 
benefits is one of the important contents of 
environmental impact analysis of wind farm. 
In the paper, we propose a simplified 
calculation method only related to 
comprehensive coal consumption and pollutant 
discharge rate, so as to effectively standardize 
and quickly calculate the environmental 
benefits of wind farm. 
 
 
KEYWORDS: 
Wind Energy Resources; WAsP Climate Analyst; 
Numerical Simulation; Environmental benefits; 
Clean Development Mechanism; Pollutants 
emission reductions 

 
 

INTRODUCTION 

 
Wind can be defined as air in motion. The 

source of wind is the energy available from the 
sun. Daytime heating of the earth and night 

time cooling gives rise to a temperature 
differential which triggers the pressure gradient. 
It is this horizontal gradient of pressure which 
causes the air to flow from one place to 
another in the form of wind. The pressure 
gradient in the vertical is usually balanced by 
gravitational force, and thus, the vertical 
velocity of air is minimal in magnitude when 
compared to horizontal velocity. 

Wind is a renewable energy source, freely 
available in nature. Therefore, it is a potential 
energy source, which when harvested, enables 
the generation of electricity by implementing 
wind turbines. The main characteristics of 
wind are wind speed and wind direction. Wind 
direction can be divided into 12 or 16 sectors 
each of 30 or 22.5 degrees, respectively. Wind 
speed and wind direction are measured by 
anemometers at meteorological stations. Wind 
turbines start working at wind speeds greater 
than 5 m/s and wind power density increases as 
wind speed increases (www.bwea.com). 

China is an important producer of coal. Its 
rapid socio-economic growth has been 
characterized by increasing population, high 
rates of urbanization, and substantial 
industrialization, which is transforming it into 
a large big energy consumer as well.  In 
addition to urbanization, climatic conditions 
have played an important function in 
increasing demand for electricity in China. 
Wind Energy is a renewable energy which is 
produced by the uneven heating up of the earth 
surface by the sun. During the day time air on 
the land surface gets heated up faster than air 
on the water. The heated air expands and raises 
to the astrosphere the cold air over the water 
surface tries to replace it due to the low 
pressure on the land as a result wind is 
produced. At night time winds are reversed as 
the air on land gets cooled faster than the air on 
water and the same principle is applied for the 
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atmospheric winds. The development and 
utilization of wind energy is the most grown 
technique among renewable energy. In order to 
improve the energy structure and accelerate the 
utilization of wind energy, wind resource 
assessment has been intensified in China in 
recent years. By 2014, China has the world 
biggest installed capacity for wind turbines, 
but wind resource assessment is relatively 
backwards which will lead to build in wind 
resource-poor zone for many Wind farm. It 
caused serious waste of resources. A fast and 
efficient method of wind energy resource 
assessment and Wind farm site selection gets 
more attention in china, which becomes a hit 
issue for many scholars at present. By the end 
of 2014, the state-owned the Wind farm power 
capacity is 114609MW, 6615.15MW come 
from Liaoning. The first Wind farm have been 
built in 1993, its power capacity is 22.45MW, 
and 23 wind turbines have been installed, 
located in Dalian, Liaoning. From 1993 to 
2014, the power capacity increased by 
293.66%, has grown at an annual rate of 26.7%. 
(Bing Xue et al., 2015) 

The aim of this research is to help identify 
the potential role of wind energy sources in 
Liaoning. In order to reduce the costs of wind 
resource assessment and improve the 
scientificalness of the wind farm development, 
wind resource assessment of Liaoning have 
been studied by wind resource assessment 
Software-Wasp. It also forecasts mainly 
pollutants SO2, NOX and GHG emission 
reductions which from electricity generation in 
fossil fuel fired power plants that are displaced 
by wind farm-built in Liaoning province. 
These are one of the most significant factors in 
promoting the development of wind power in 
China. 
 
 
MATERIALS AND METHODS 

 
Study Area: Liaoning Province. 

Location: Liaoning lies in the Northeast part 
of China, between latitudes 38.72 and 43.48 
north, and longitudes 118.83 and 125.78 east. 
Its northeast borders are with Jilin province, its 
northwest borders are Nei Monggol province, 
and its west borders are Hebei province, and its 
southeast borders are North Korea. Its shores 
of the Bohai Gulf lie on the south. This special 
location provided Liaoning with a commercial 

importance. As it is a natural outlet for the 
Northeast part of the China. The total area of 
Liaoning is 145900 square Kilometers, 18 
percent of the total land area of Chinese land. 
The population up until December 2013 
reached approximately 43,900,000. Liaoning 
geographic location is as shown in Figure 1.  
 

 
 

FIGURE 1 
Topography map of Liaoning, China 

 
Topography: Liaoning is mountains and 

hills topography in the eastern and western. 
The middle area of Liaoning is flat. The 
topography is north is higher than south, land 
slopes gradually to sea (Figure 2). The height 
of the eastern corner reaches 1347meters above 
sea level. The Gangshan is the 
Liaoning's highest place which it 
is located in Fushun of Liaoning. Mountains 
are spread in Liaoning, such as Changbaishan, 
Nuhuerhushan, and Yiwulvsan. The Liaoning 
Rivers are spread in different places. The most 
significant of the Liaoning Rivers are liaohe, 
hunhe and Yalu River, which are located in the 
middle and south area. 
Liaoning topography is as shown in Figure 2. 
 

Climate: Liaoning has a temperate 
continental monsoon climate, four distinct 
seasons, abundant sunshine, annual average 
temperature varies from 7 to11 , annual 
average frost-free period varies from 130 to 
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200 days , sunshine duration varies from 2100 
to 2600 hours. Rainfall varies from 400 to 
1100 millimeters a year across the region. The 
rainy season often occur during the summer 
months. The highest temperature sometimes 
reaches 40 °C during summer. During winter, 
the lowest temperature occasionally reaches at 
minus 18 °C. Winter rainfall is irregular and 
varies in quantity from one year to another. 
Autumn and spring seasons are distinguished 
by their short periods. 
 

 
FIGURE 2   

Topographic Map of Liaoning 
 

The dominant wind direction in Liaoning is 
north and south with winds blowing from this 
direction approximately 60 percent of the time. 
 

Models. What's new in Wasp? One of 
the most widely used wind resource 
assessment models is the Wind Atlas Analysis 
and Application Program (WAsP). WAsP is the 
industry-standard software package for siting 
of wind turbines and Wind farms (Ayotte, K 
2008). Many companies use WAsP worldwide 
for all steps from wind resource and energy 
yield assessments, to wind conditions and site 
suitability characterization; from single 
turbines in complex terrain to large Wind farms 
offshore. A widely popular software WAsP was 
chosen to perform the study. In 1987 the Wind 
Energy and Atmospheric Physics Department 
at Risø National Laboratory introduced WAsP 

 a powerful tool for wind data analysis, wind 
atlas generation, wind climate estimation, 
Wind farm production calculations and siting 
of wind turbines. Over the years, the program 
has become the industry standard for wind 
resource assessment and siting of wind 
turbines and Wind farms and it has been 
employed in more than 100 countries around 
the world. 

Wind Atlas Analysis and Application 
Program (WAsP) is a linear numerical 
Microscale Model used to estimate the wind 
energy resources at any location (Troen, 
Petersen 1988; Landberg, L.et al., 2003). There 
are two main parts - wind atlas analysis and 
wind atlas application. Wind data, recorded 
through any meteorological station, gives 
information specific to that region. In order to 
apply this data to any other location, the data 
must be interpolated or extrapolated by some 
means so as to utilize it. WAsP is an integrated 
computer model which makes use of physical 
models such as Surface Layer Similarity Laws, 
the Geostrophic Drag Law, the Stability Model, 
the Roughness Change Model, the Shelter 
Model and the Orographic Model (Troen and 
Petersen 1989). It has been reported by 
Mortensen et al. (2004) that it is possible to 
obtain stable wind speed estimates which are 
close to the measured values with maps of 8 × 
8 km2. They have also reported the influence 
of contour interval on the accuracy of wind 
speed prediction (Mortensen and Peterson 
1997). Large prediction errors are associated 
with large contour intervals and the prediction 
error reduces with decreasing contour intervals. 
It is reported that a contour interval of 20 m or 
less is expected to provide fairly accurate 
predictions. WAsP application have many case 
studies in China, such as Zhejiang, Shandong, 
Ningxia, Shanghai, Guizhou, and so on. 

WAsP models: WAsP is a PC-program 
for the vertical and horizontal extrapolation of 
wind climate statistics. It contains several 
models to describe the wind flow over different 
terrains and close to sheltering obstacles. 
Conceptually, WAsP consists of five main 
calculation blocks (Niels G. Mortensen et al., 
2007). 

Analysis of raw data: This option 
enables an analysis of any time-series of wind 
measurements to provide a statistical summary 
of the observed, site-specific wind climate. 
This part is implemented in separate software 
tools: The Observed Wind Climate (OWC) 
Wizard and the WAsP Climate Analyst. 
Generation of wind atlas data: Analyzed wind 
data can be converted into a regional wind 
climate or wind atlas data set. In a wind atlas 
data set the wind observations have been 
'cleaned' with respect to site-specific 
conditions. The wind atlas data sets are 
site-independent and the wind distributions 
have been reduced to some standard 
conditions. 
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Wind climate estimation. Using a wind 
atlas data set calculated by WAsP or one 
obtained from another source  e.g. the 
European Wind Atlas  the program can 
estimate the wind climate at any specific point 
by performing the inverse calculation as is 
used to generate a wind atlas. By introducing 
descriptions of the terrain around the predicted 
site, the models can predict the actual, 
expected wind climate at this site. 

 
Estimation of wind power potential: 

The total energy content of the mean wind is 
calculated by WAsP. Furthermore, an estimate 
of the actual, annual mean energy production 
of a wind turbine can be obtained by providing 
WAsP with the power curve of the wind 
turbine in question. 
The Figure 3 to the right is a schematic 
presentation of the wind atlas methodology of 
WAsP. 

 

 
FIGURE 3 

The WAsP models and the wind atlas 
methodology (European Wind Atlas) 

 
In the analysis part (up arrow), the 

meteorological models are used to calculate the 
regional wind climatology from the raw or 
observed wind data. 

In the reverse process - the application of 
wind atlas data (down arrow)-the wind climate 
at any specific site may be calculated from the 
regional climatology (Troen and Petersen 
1989). 
In general terms, accurate predictions using the 
WAsP program may be obtained (Bowen and 
Mortensen 1996) provided: 

1) the reference site (meteorological station) 
and predicted site (wind turbine site or met. 
station) are subject to the same overall weather 
regime, 
2) the prevailing weather conditions are close 
to being neutrally stable, 
3)the reference wind data are reliable, 
4)the surrounding terrain (of both sites) is 
sufficiently gentle and smooth to ensure mostly 
attached flows, and the topographical model 
inputs are adequate and reliable. 
 

The required conditions for WAsP run. 
The wind data from the meteorological 
stations. The data for this study are collected 
from NOAA National Climatic Data Center 
(NCDC.http://www.noaa.gov/). For this study, 
twenty-seven state-stations (Figure 4) 
monitored by the meteorological department 
have pro
daily wind data. Each of the meteorological 
stations of the NCDC is based on a 10m tower 
and has the following components: five wind 
speed cup-type sensors at 2, 4, 6, 8 and 10m 
heights to derive the wind speed profile; one 
wind direction vane-type sensor at 10m height; 
one solar radiation sensor (pyrometer) with 
uncertainty ± 5%. 

 
FIGURE 4 

A map of Meteorological station locations 
A contour map of the area 

 
The detailed surface features based on aerial 
photography conducted by the National 
Remote Sensing Agency in the year 2015 were 
available as 2×2 km2 tiles in the AutoCAD 
dwg format. These files provide contours at 5m 
intervals, trees, buildings, temples, tombs, 
electricity and telegraph poles, waterways, 
marshy areas, roads, footpaths etc., in different 
layers. Information relevant to WAsP, namely 
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TABLE 1   
Data from long-term observations in Liaoning 

 

Number Station Name Longitude Latitude Height above sea level, m 

210922 Zhangwu 122.5333 42.4167 79 
210901 Fuxin 121.7167 42.0833 167 
211282 Kaiyuan 124.05 42.5333 98 
210423 Qingyuan 124.9167 42.1 237 
211301 Chaoyang 120.45 41.55 170 
211322 Yemaishou 119.7 41.3833 422 
210181 Xinmin 122.8333 41.9833 31 
210726 Heishan 122.0833 41.6833 38 
210701 Jinzhou 121.1167 41.1333 66 
210301 Anshan 123 41.0833 77 
210101 Shenyang 123.45 41.7333 45 
210501 Benxi 123.7833 41.3167 185 
210421 Zhangdang 124.0833 41.9167 119 
210522 Huanren 125.35 41.2667 240 
211481 Suizhong 120.35 40.35 15 
211481 Xincheng 120.7 40.5833 9 
210801 Yingkou 122.2667 40.6667 3 
210881 Xiongyue 122.15 40.1667 20 
210521 Caohekou 123.9 40.8833 233 
210323 Xiuyan 123.2833 40.2833 80 
210624 Kuandian 124.7833 40.7167 260 
210601 Dandong 124.3333 40.05 14 
210281 Wafangdian 122.0167 39.6333 119 
210282 Pikou 122.3667 39.4167 43 
210224 Changhai 122.5833 39.2667 36 
210283 Zhuanghe 122.95 39.7167 35 

210201 Dalian 121.6333 38.9 92 

 
contours, open areas, farmlands, water bodies 
and urban and semi-urban areas, was retained 
by switching off the unwanted layers. Such 
tiles were joined together in the AutoCAD 
software and saved as dxf files (drawing 
exchange format), which could be imported 
into the Wasp Map Editor. In this study, 
contour intervals at 5m were retained and 
imported into the Wasp Map Editor for 
calculating the wind energy density throughout 
the area. The map was transformed to the 
Universal Transverse Mercator (UTM) 
projection with the datum of WGS 1984. The 
reasonably smooth contour lines as shown in 
Figure5. 

 
A simple description of the land use in 

the area. Areas representing water bodies, 
forest land, cultivated land and semi-urban 
areas were marked and assigned roughness 
values as defined by WAsP and given in Table 
2. The wind monitoring station was marked on 
the vector map using its WGS 1984 
coordinates. With reference to the wind 
monitoring station, nearby buildings and other 
obstructions were plotted using the utility 

available for that purpose in WAsP. 

 
FIGURE 5 

Digitized vector map of the area with 5 m 
contour intervals 

 
The zooming grid. WAsP utilizes the 

'BZ-model' of Troen (1989) to calculate the 
wind velocity perturbations induced by 
orographic features such as single hills or more 
complex terrain. The BZ-model belongs to a 
family of models related to the Jackson and 
Hunt theory for flow over hills (Jackson and 
Hunt 1975; Taylor, P.A and Teunissen, H.W 
1987). The model was developed with the 
specific purpose of detailed wind energy siting 
in mind and has the following general features: 
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TABLE 2    
Roughness class and terrain surface characteristics 

 

z0 (m) Terrain surface characteristics Roughness Class 

1 city  
0.8 forest  

0.5 suburbs  

0.4  3 (0.40 m) 

0.3 shelter belts  

0.2 many trees and/or bushes  

0.1 farmland with closed appearance 2 (0.10 m) 

0.05 farmland with open appearance  

0.03 farmland with very few buildings/trees 1 (0.03 m) 

0.02 airport areas with buildings and trees  

0.01 airport runway areas  

0.008 mown grass  

0.005  bare soil (smooth)  

0.001 snow surfaces (smooth)  

0.0003  sand surfaces (smooth)  

0.0002  0(0.0002 m) 

0.0001  water areas (lakes, fjords, open sea)  

 
1)It employs a high-resolution, zooming, 

polar grid. This is coupled with a map analysis 
routine in order to calculate the potential flow 
perturbation profile at the central point of the 
model. 

2)It integrates the roughness conditions of 
the terrain surface into the spectral or scale 
decomposition. The 'inner-layer' structure is 
calculated using a balance condition between 
surface stress, advection and the pressure 
gradient. 

3)It uses an atmospheric boundary layer 
thickness of approx. 1 km to force the large 
scale (say, more than a few kilometers) flow 
around high-elevation areas. 

The zooming grid of the BZ-model is 
illustrated in the Figure 6 below. A 25 by 25 sq. 
km section of Waspdale is shown in the upper 
left-hand corner of the Figure. The grid is 
centered at the WECS site on Beeverly Hill 
and has a radius of about 27 km. The 
BZ-model examines all the grid points shown 
when estimating the wind conditions at the hill 
site. In the upper right-hand corner, a closer 
view of the same site and grid is shown, 
covering an area of 5 by 5 sq. km. Still closer, 
the drawing in the lower left-hand corner 
covers an area of about 1 sq. km. Finally, the 
center of the grid is shown in the lower 
right-hand corner of the Figure; this covers 

approximately 200 by 200 sq. m. The grid 
resolution at the center of the model is 4 m. 

 

FIGURE 6  
A map of the zooming grid of the BZ-model 
 

Obstacle model. Shelter is defined as the 
relative decrease in wind speed caused by an 
obstacle in the terrain. Whether an obstacle 
provides shelter at the specific site depends 
upon: 
1) the distance from the obstacle to the site (x) 
2) the height of the obstacle (h) 
3) the height of the point of interest at the site 
(H) 
4)the length of the obstacle (L) 
5)the porosity of the obstacle (P) 

The reduction of wind speed due to 
shelter from an infinitely long two-dimensional 
obstacle of zero porosity is shown below. The 
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Figure 7 is based on the expressions given by 
Perera (1981). 

 

FIGURE 7  
A map of wind speed reduction due to the 

obstacles 
 

 

FIGURE 8 
 Parameters for specifying an obstacle in 

WAsP 
 

TABLE 3  
Notations used for specifying the 

position of obstacles 
 

Symbol Angles 

1 angle from N to first corner [º] 

R1 radial distance to first corner [m] 

2 angle from N to second corner [º] 

R2 radial distance to second corner [m] 

h height of obstacle [m] 

d depth of obstacle [m] 

P estimated porosity (fraction 0-1) 

 

Specifying obstacles. Obstacles are 
considered by WAsP as 'boxes' with a 
rectangular cross-section and footprint. Each 
obstacle must be specified by its position 
relative to the site, its dimensions and must be 
assigned a porosity. The Figure below defines 

the quantities that specify a single obstacle and 
that must be input to WAsP; the '*' marks the 
position of the site. Obstacles are thus 
specified relative to a specific site and are not 
linked directly to the topographic map. 
Angles are measured from 0º (north) to 360º 
clockwise, corresponding to bearings taken 
with a compass. Distances are measured in 
meters. 

Energy extraction from wind. A column 
of wind upstream of the turbine with 
cross-sectional area A1 of turbine disc, has 
kinetic energy passing per unit time given by 

P0 = 1/2( A1×u0) u0
2
            

(1) 
W

u0 the unperturbed wind speed in m/s. Air 

sea level and the prevailing meteorological 
conditions. Wind speed generally increases 
with height and is affected by local topography 
and varies greatly with time. However, only 
about half the power available in the wind can 
be extracted because it has to have sufficient 
energy to leave the turbine region. Therefore, 
the power extracted by the turbine PT is given 
by 

PT = Cp P0                  
(2) 

Where P0 is the power in the unperturbed 
wind and Cp is the fraction of power extracted 
or the power coefficient. The criterion for 
maximum power extraction is called the Betz 
criterion and is applicable to all turbines in an 
extended fluid stream. 

Standard meteorological wind data are 
regularly collected by the India Meteorological 
Department at the standard height of 10 m near 
airports and towns for weather prediction and 
civil aviation requirements. Meteorological 
aspects of utilization of wind for the extraction 
of power have been well documented (World 
Meteorological Organization 1981). The 
usefulness of such data is limited to provide 
first-order estimates of wind power but is 
inadequate to carry out detailed planning for 
the installation of wind turbines for power 
generation. Careful and detailed measurements 
around a prospective site are needed at several 
locations and at different heights for several 
months to a year to carry out analysis and 
estimate the wind power availability at the hub 
height of the proposed wind turbine. It is 
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generally accepted that sites with an average 
wind speed of 8 m/s or more could be 
considered prospective. It is also necessary 
with match the machine characteristics to the 
prevailing wind regime for optimum power 
generation. 
 
 
RESULTS 

 
Wind Speed and Wind Power Density 

Estimations. This study uses the software 
WAsP to estimate the land wind energy 
potential in Liaoning. The simulation areas 
include the whole domain in Liaoning. The 
WAsP simulation focuses on wind speed at 
10m. The wind direction is mainly south, north 
and light northerly in whole domain Liaoning. 
The most frequent wind direction is mainly 
south and south by southwest in the central 
region, north in southern and southwest 
Liaoning. 

In terms of wind speed, the annual mean 
wind speed at 10 m is greater than 3.5m/s in 
the coastal areas, Liaodong peninsula, midland, 
and northern plain areas in Liaoning. Some 
areas have higher speeds of approximately 4.0 
m/s such as Panjin, Lushun, Dalian, and so on. 
The annual mean wind speed at 10 m is 
approximately 2.0 m/s in the eastern mountain 
area and the western foothills in Liaoning, and 
some areas are lower than 2.0 m/s. The results 
are shown in Figure 9. 

 

FIGURE 9  
Distribution of yearly mean wind speed for 

2000~2015 in Liaoning province 
 

Wind power density is one of the 
important indices for evaluating a regional 
wind energy resources. Wind power density at 
10 m in the Liaoning is approximately 
9.9 130.7 W/m2, Wind power density is higher 

than 100W/m2 in the northern, central, 
Liaodong peninsula south end, on the island of 
Liaoning province. Wind power density is 
lower than 50W/m2 in the eastern and western 
parts of Liaoning province. The results are 
shown in Figure 10. 

 

 

 

FIGURE 10  
Power Density in Liaoning province 

 
Available mean wind hours. Available 

mean wind hours are 1368~ 6400 h when wind 
speed is in the range from 3.0 to 25.0 m/s in 
Liaoning, central and Liaodong peninsula is 
more than 4000, the eastern coast of northern 
liaodong bay, and a central narrow strip  
stretching from north of liaodong bay available 
mean wind hours is more than 4500. Dalian, 
Chinghai, Lushun is more than 6000 h, the 
wind resource available close to the time of a 
year's 70%. Available mean wind hours are 
shown in Figure 11. 

 

FIGURE 11 
 Available mean wind hours in Liaoning 

province 
 

Wind energy reserves. The district 
covers a land area of 148100 km2 in Liaoning 
province. According to the existing data of 
provincial annual average, wind power density 
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is greater than 150 W/m2 areas are about 2100 
km2, which is mainly distributed in the hills of 
northern and close to the coast in Liaoning 
province; 100 ~ 150 W/m2 areas are about 
5900 km2, which is mainly distributed in the 
coastal plain and median plain; 50 ~ 100 W/m2 
areas are about 77100 km2,which is mainly 
distributed in the coastal areas and the central 
plains; annual average wind power density are 
under 50 W/m2 in the eastern and western of 
Liaoning, and covers areas are about 63000 
km2. Total wind energy reserves in the land 
area are 89206.3MW at 10m height. According 
to the entire province average wind power 
density, exploitation areas and capacity, with 
all the technology ingredients and wind power 
density is greater than 150 W/m2, are 
respectively 2100 km2 and 2515.1 MW. Wind 
energy resources in Liaoning province's total 
detailed in table 3. 

TABLE 3 
Wind energy reserves in Liaoning 

 

Power Density, 

W/m2 
Area,km2 Reserves,MW 

< 50 63000 22096.5 

50 ~100 77100 56590.3 

100 ~150 5900 7315.5 

150 ~200 2100 3204.0 

> 200 0.00 0.00 

Total 148100 89206.3 

 

The status of development of wind 
energy in Liaoning. Began in the 1980s, 
Liaoning province had carried out 
up-front work on exploitation, utilization, 
census and the corresponding measurement of 
wind resources. The first Wind farm has been 
built in changing island town, wafangdian city 
in 1992. By the end of September 2015, the 
province has built 144 Wind farms, with a total 
installed capacity of 8042.85 MW, 5362 wind 
turbines. Total generating capacity is 1916.2 
million kW·h/yr.  

 
Analysis of CDM (Clean Development 

Mechanism). The Wind farms will not only 
supply renewable electricity to grid, but also 
contribute to sustainable development of the 
local community, the host country and the 
world by means of: 

1)The operation of the proposed project 
will increase local revenues and promote local 
economy; 

2)The proposed project will not only 
reduce GHG emission but also mitigate local 
environment pollution caused by pollutant 
emission from coal-fired power plants; 

3)Creation of permanent and temporary 
employment opportunity for the local 
residents; 

4)The operation of the proposed project 
will regulate local energy source composition 
by increasing renewable energy. 

By the end of September 2015, fifty-eight 
Wind farms have got the Clean Development 
Mechanism (CDM) certification in Liaoning 
(http://cdm.unfccc.int/).  

Emission reductions from all Wind farms 
in Liaoning can be calculated based on the 

methodology for grid-connected electricity 

12.2.0. 
http://cdm.ccchina.gov.cn/list.aspx?clmId=20) 

(Version 02.2). According to ACM0002 
(Version 12.2.0), it is required to estimate the 
Operating Margin (OM) and Build Margin 
(BM) emission factor ex-ante, and through 
weighted average of OM and BM, the 
Combined Margin baseline emission factor of 
NECPG can be obtained and then the emission 
reductions from CDM project activity can be 
estimated. For more information regarding the 
methodology and the tools as well as their 
consideration by the Executive Board, please 
refer 
to:http://cdm.unfccc.int/methodologies/PAmet
hodologies/approved.html. 

The details are shown below:  
Baseline emissions include only CO2 

emissions from electricity generation in fossil 
fuel fired power plants that are displaced due 
to the project activity, calculated as follows:  

BEy= EGpj y×EFGrid,CM,,y                      
(3) 

Where: 
BEy: Baseline emissions in year y 

(tCO2/yr); 
EGPJ, y: Quantity of net electricity 

generation that is produced and fed into the 
grid as a result of the implementation of the 
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CDM project activity in year y (MWh/yr); 
EFgrid, CM, y: Combined Margin CO2 

emission factor for NECPG in year y 

to calculate the emission factor for an 

2/ 
MWh); 

The following is the process of 
calculating the baseline CO2 emission of the 
grid, according to the steps provided by the 
approved baseline methodology ACM0002 
(Version 12.2.0). 

EGPJ, y= EGfacility, y                     
(4) 

EGPJ, y: Quantity of net electricity 
generation that is produced and fed into the 
grid as a result of the implementation of the 
CDM project activity in year y (MWh/yr); 

EGfacility, y

to calculate the emission factor for an 

the CO2 emission factor for the displacement 
of electricity generated by power plants in 

margin refers to a cohort of power plants that 
reflect the existing power plants whose 
electricity generation would be affected by the 
proposed CDM project activity. The build 
margin refers to a cohort of power units that 
reflect the type of power units whose 
construction would be affected by the proposed 
CDM project activity. 

The proposed project uses method (a): 
Weighted average CM to calculate the 
combined margin emission factor, as follows: 

EF grid, CM, y= EF grid, OM, y×wOM +EFgrid, BM, 

y×wBM (5) 
Where: 
EFgrid, CM, y: Baseline emission factor 

(tCO2e / MWh); 
EFgrid, CM, y: Operational Margin emission 

factor (tCO2/MWh); 
EFgrid, CM, y: Build margin CO2 emission 

factor in year y (t CO2/MWh); 
wOM: Weighting of operating margin 

emissions factor (%); 
wOM: Weighting of build margin 

emissions factor (%). 
The baseline emission factor EFgrid, CM, y 

should be calculated as the weighted average 
of the Operating Margin emission factor (EFgrid, 

OM, y) and the Build Margin emission factor 
(EFgrid, BM, y), where the weight of Operating 
Margin, wOM is 0.75 and Build Margin, wOM is 
0.25 by default. 

The combined baseline emission factor of 
the NECPG is:  

EFgrid, CM, y=1.1293 
tCO2/MWh×0.75+0.7242 tCO2/MWh×0.25= 
1.028025 tCO2e/MWh. 

BEy (all Wind farms in Liaoning) = 
19161659.4×1.028025=19698664.9 tCO2e. 

The all Wind farms in Liaoning will help 
reduce greenhouse gas (GHG) emissions 
generated from the high-growth, 
coal-dominated electricity generation in 
Northeast China Power Grid (NECPG). When 
all Wind farms is operated, the electricity 
generated by electricity will displace part of 
the electricity from the NECPG, and thus GHG 
(CO2) generated by coal-fired power plants 
could be reduced. The annual power generation 
is estimated to be 19161659.4MWh. The 
estimated annual GHG emission reductions are 
19698664.9tCO2. 

 
Analysis of air pollutants emission 

reductions. Wind farms are known to 
contribute to zero air pollutants as no fuel 
combustion is involved during any stage of the 
operation. The sources of air pollution are 
mainly due to the construction activities 
including the transportation of construction 
material, road construction and improvement 
etc. The impacts on air environment will be 
ended when the construction is completed. 
Several measures shall be taken into account, 
such as prohibiting the construction under 
strong wind weather, reducing as much as 
possible the area of construction, spraying 
water when undertaking construction, and 
reducing the speed of vehicles in the field. 
Hence, air pollution caused by the proposed 
project is not significant to the surrounding 
environment. 

The calculation of environmental benefits 
is one of the important contents of 
environmental impact for wind farm. Due to 
lack of definite technical specification, the 
common calculation method of taking thermal 
power as comparative object is adopted. 
However, it is difficult to judge and compare 
identically because of large number of 
calculation parameters and wide value range, 
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and some differences exist among different 
results. Therefore, we propose a simplified 
calculation method only related to 
comprehensive coal consumption and pollutant 
discharge rate, so as to effectively standardize 
and quickly calculate the environmental 
benefits of wind power project. 

Thermal power creates mainly pollutants, 
SO2 and NOX, wind farms are known to 
contribute to zero atmospheric pollution as no 
fuel combustion is involved during any stage 
of the operation. Wind farms replace coal 
consumption which will reduce pollutants 
emission. Pollutants emission to calculate is as 
follows: 

 
SO2 emission reduction.SO2 emission 

reduction is calculated according to coal 
consumption used in electricity production 
electricity. Computing method is from 

total emission reduction during twelfth 
five-
(http://www.zhb.gov.cn/gkml/hbb/bwj/201206/
t20120605_230944.htm). Calculation formulas 
is as follows: 
ESO2=M×S× × (1- SO2) ×104    (6) 
Where: 
ESO2:SO2 emission (t) 
M: coal consumption (t) 
S: average sulfur content by weight, 0.6% 

convert ratio into air, 0.8% 

SO2: desulphurization efficiency, 90% 
Relationship between coal consumption 

and power generation is: 
Mi= ×P                       (7) 

Where: 
: a coefficient of relationship between coal 

consumption and power generation, 300g/kWh 
P: power generation, kWh. 

The annual power generation is estimated 
to be 19161659.4 MWh. The estimated annual 
SO2 emission reductions are: 
ESO2=2×19161659.4×1000×300×80%×0.6 %× 
(1-90%) =5513.3 tSO2 

The estimated annual SO2 emission 
reductions are 5513.3tSO2. 

 
NOX emission reduction. NOX emission 

reduction is calculated according to coal 
consumption used in electricity production 
electricity. Computing method is from 

 

total emission reduction during twelfth 
five-
(http://www.zhb.gov.cn/gkml/hbb/bwj/201206/
t20120605_230944.htm). Calculation formulas 
is as follows: 
ENOX=M×Pf×(1- NOX) ×10         (8) 
Where: 
ENOX NOX emission (t) 
M coal consumption (t) 
Pf source intensity of NOX emission, 2.7kg 
(NOX) /t (coal) 

NOX: denitration efficiency, 90% 
ENOX=19161659.4×1000×300/1000×2.7× 
(1-60%) /1000=6053.3 t NOX 

The estimated annual NOX emission 
reductions are 6053.3t.  

 
Impact on Ecosystem Environment. 

The impact on ecosystem environment mainly 
caused during construction period, so the 
attention should be given regarding the 
landscape resource protection and recovery 
(Ilhami Kiziroglu and Ali Erdogan 2015). 
Damage to the vegetation caused by permanent 
land occupation of the wind turbine will be 
compensated correspondingly. In other words, 
vegetation with equal area and quality to the 
damaged will be recovered in another place. 
(Li, et al.,2016) 
 
 
DISCUSSION 

 
In this work, mean wind speeds from 

several wind flow modeling methodologies 
were examined and compared to observational 
mean wind speed measurements from several 
10 m met towers distributed across the study 
area.  

The present article describes WAsP for 
quantifying the wind conditions and energy 
potential of large areas based on several years 
of high resolution in-site measurements (in 
multiple points), adjusted for long-term 
reliability using meteorological stations. After 
quality assessment, the in-situ measured data 
were analyzed and adjusted to long-term 
reference using a mathematical process (Wind 
Atlas Method) which is able to transfer 
long-term data from a reference station nearby 
into the characteristic conditions at the study 
site, taking into consideration the orography, 
roughness and obstacles which are influencing 
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the wind flows in the area. The newly obtained 
long-term wind statistics, comprising sector 
wise Weibull distribution, mean wind speed, 
frequency of wind direction and wind energy 
distribution, were transformed into wind speed 
and energy maps, which were further used for 
the characterization of the wind energy 
potential within the location of interest. 

Meanwhile, we introduce the situation of 
wind farm construction in Liaoning province. 
The first Wind farm has been built in changing 
island town, wafangdian city in 1992. By the 
end of September 2015, the province has built 
144 Wind farms, with a total installed capacity 
of 8042.85 MW, 5362 wind turbines. Total 
generati  

By the end of September 2015, fifty-eight 
wind farms have got the Clean Development 
Mechanism (CDM) certification in Liaoning. 
The all wind farms in Liaoning will help 
reduce greenhouse gas (GHG) emissions 
generated from the high-growth, 
coal-dominated electricity generation in 
Northeast China Power Grid (NECPG). When 
all Wind farms is operated, the electricity 
generated by electricity will displace part of 
the electricity from the NECPG, and thus GHG 
(CO2) generated by coal-fired power plants 
could be reduced. The annual power generation 
is estimated to be 19161659. 4MWh.Wind 
farm are known to contribute to zero air 
pollutants as no fuel combustion is involved 
during any stage of the operation. Thermal 
power creates mainly pollutants is SO2 and 
NOX. Wind farms are known to contribute to 
zero atmospheric pollution as no fuel 
combustion is involved during any stage of the 
operation. Wind farms replace coal 
consumption which will reduce pollutants 
emission. The estimated annual SO2 emission 
reductions are 5513.3 t. The estimated annual 
NOX emission reductions are 6053.3t. 

The impact on ecosystem environment 
mainly caused during construction period, so 
the attention should be given regarding the 
landscape resource protection and recovery. 
Damage to the vegetation caused by permanent 
land occupation of the wind turbine will be 
compensated correspondingly. In other words, 
vegetation with equal area and quality to the 
damaged will be recovered in another place.  
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ABSTRACT 
 

This study investigated a novel cellulose-based 
heavy metals chelating material derived from 
cassava waste. The first part describes how the 
cellulose of cassava waste was extracted by the 
orthogonal experiment and optimization, followed 
by chemical modifications with succinic anhydride 
and polyamine to introduce carboxylic and amide 
functions, respectively. The obtained materials were 
characterized by FTIR and SEM. In the second part, 
the adsorption capacity of three different types of 
modified cellulose of cassava waste (MCCW) was 
evaluated by kinetic study, effect of pH, adsorption 
isotherms and regeneration studies. The adsorption 
equilibrium of MCCW 2, regarded as a promising 
adsorbent, was reached within 20 min for Pb2+ and 
30 min for Cd2+, and the calculated maximum 
adsorption capacity was 476.19 mg g-1 for Pb2+ and 
289.02 mg g-1 for Cd2+ on MCCW 2. The adsorption 
process was described well by Pseudo-second-order 
and Langmuir model. Regeneration studies indicated 
that the adsorption efficiencies of MCCW 2 could 
still be maintained at 97.40% level for Pb2+ and 
93.16% level for Cd2+ even after three cycles.  
 
 
KEYWORDS: 
modified cellulose of cassava waste; chelating material; 
heavy metals; adsorption; regeneration 
 
 
INTRODUCTION 

 
With the development of the modern industry, 

water contamination of heavy metal ions has become 
a serious global environmental problem. Lead (Pb) 
causes kidney and liver diseases, brain damage and 
toxicity to the reproductive system [1, 2]. Cadmium 
(Cd) causes lung failure, hypertension, bone lesions, 
renal dysfunction and cancer [3, 4 ].Therefore, it is 
important to reduce or eliminate these heavy metals 
from industrial effluent in order to protect public 
health. In recent years, various techniques and 
methods were employed to remove the heavy metal 
ions from waste-water, such as ion exchange, 
chemical precipitation, membrane separation, 

coagulation, electrolytic reduction and adsorption [5, 
6]. Among these, adsorption has been proved as a 
very flexible, effective and economical method to 
remove heavy metal ions from waste-water [7]. 
Some artificial and natural materials, such as metal 
oxides, copolymer hydrogel, nanomaterials [8], 
biosorbents [9, 10], clay minerals [11] and surficial 
sediments [12], are reviewed as adsorbents to 
remove heavy metal ions from waste-water [13]. 

  Cellulose, a natural polymer, is a renewable, 
cheap and biodegradable natural resource [14, 15]. 
Notably, cellulose can bind heavy metal ions 
because of the existence of abundant OH groups 
[16]. And it has outstanding adsorption efficiency 
with appropriate chemical modification [17]. 
Cassava waste is abundant agricultural waste 
worldwide and it contains high levels of cellulose 
[18], which can reach 60%-70% by a series of 
extraction and optimization. Chemical modification 
has been successfully used to modify some 
agricultural wastes such as corn stalks [19], loofah 
fibers [20], corn-cob [21], sunflower stalks [22], 
sugarcane bagasse [23], rice husk [24], wheat Straw 
[25] and banana [26]. However, only a few have 
reported on the modification of cassava waste. 
Horsfall et al [27] have reported that modified 
cassava peelings waste with mercaptoacetic acid 
(MAA) shows maximum adsorption capacity of 
127.3 mg g-1 Cu2+ and 119.6 mg g-1 Cd2+.  

  To the best of our knowledge, high content 
cellulose of cassava waste was modified with 
succinic anhydride and polyamine to adsorb heavy 
metals in aqueous solution, which has rarely reported. 
Then, saturated sodium hydrogen carbonate was 
rarely reported as a detergent in regeneration studies, 
and detergent reported in the literatures and patents 
was usually distilled water [28] and sodium 
hydroxide [13].  

  In this study, we describe how the cellulose of 
cassava waste was extracted by the orthogonal 
experiment and optimization, followed by chemical 
modifications with succinic anhydride and 
polyamine to introduce carboxylic and amide 
functions, respectively. The adsorption capacity of 
three different types of modified cellulose of cassava 
waste (MCCW) was subsequently evaluated by 
kinetic study, effect of pH, adsorption isotherms and 
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regeneration studies. Finally, the mechanism of 
adsorption was analyzed by the pseudo-second-order 
kinetic model, Langmuir model and Freundlich 
model. 
 

 
MATERIALS AND METHODS 

 
Materials. The cassava waste was provided by 

Hainan province of China. Succinic anhydride, 1,3-
diisopropylcarbodiimide(DIC), sodium hydroxide 
(NaOH), sodium hydrogen carbonate(NaHCO3), 
Pb(NO3)2, Cd(NO3)2·4H2O and nitric acid, from 
local chemical suppliers, were used without further 
purification. Ethylenediamine, triethylenetetramine, 
N,N-dimethylformamide (DMF) and pyridine was 
added to activated molecular sieves overnight to 
remove water.  

 
Extraction of Cellulose from Cassava Waste. 

Pretreatment of raw material: the cassava waste was 
washed in ultrapure water several times to remove 
the impurity and soluble substances, and then dried 
in an oven at 80  for 8 h. After that, the resulting 
material was sieved with 40 meshes and kept in a 
desiccator overnight. 

  The main extraction process: 10.00 g 
pretreated cassava waste was suspended in 60 mL 
ultrapure water and boiled for 5 min to completely 
gelatinize starch of cassava waste. Then 100 mL 
alpha-amylase with a certain concentration was 
added, and the enzymatic process was carried out 
under a certain power of ultrasound generator (XO-
5200DTS, Nanjing Ultrasound Instrument Co., Ltd.) 
at 60 . Afterwards, the clear liquid above was 
discarded after enzyme deactivation (100 , 5 min) 
and centrifugation (4000 r/min 20 min). 100 mL 
NaOH solution with a certain concentration was 
added into the remaining solid, and the alkaline 
hydrolysis process was implemented at 70 . 
Finally, the purified cellulose was filtered, washed, 
dried (65 8 h) and sieved with 40 meshes. 

 
Synthesis of MCCW 1 and MCCW 2. Dried 

and grated cellulose of cassava waste (5.02 g) and 
succinic anhydride (12.56 g) were suspended in 120 
mL anhydrous pyridine reflux for 18 h. After 
filtration, the obtained new celluloses (MCCW 1) 
were washed with 1 mol L-1 solution of acetic acid 
(CH3COOH) in CH2Cl2, 0.1 mol L-1 solution of 
hydrochloric acid (HCl), ethanol 95%, ultrapure 
water, and at last with ethanol 95%, sequentially [29]. 
And then it was dried at 80  for 3 h and left in a 
desiccator overnight. MCCW 1 (9.4446 g) with a 
mass increment of 88.14% was obtained. MCCW 2 
was synthesized by treatment of MCCW 1 (2.8 g) 
with 250 mL saturated NaHCO3 solution for 30 min 
under stirring. Afterwards, the modified product 
(MCCW 2) was filtered and washed with ultrapure 

water and ethanol. Then, it was dried at 80  
for 3 h and left in a desiccator overnight. MCCW 2 
(3.0970 g) with a mass increment of 10.61% was 
obtained. 

 
Synthesis of MCCW 3 and MCCW 4. 

MCCW 3 was synthesized by treatment of MCCW 1 
(2.8 g) with 4.05 mL ethylenediamine and 7.85 mL 
1,3-diisopropylcarbodiimide (DIC) in 60 mL 
anhydrous DMF under constant stirring and a 
nitrogen atmosphere for 22 h at room temperature. 
After the reaction, the solid materials (MCCW 3) 
were filtered and washed with DMF, saturated 
sodium bicarbonate solution, ultrapure water, and at 
last with ethanol 95%, sequentially. Finally, it was 
dried at 80 for 3 h and left in a desiccator overnight, 
MCCW 3 (3.1246 g) with a mass gain of 11.59% was 
obtained. 

MCCW 4 was synthesized by treatment of 
MCCW 1 (2.8 g) with 12.75 mL triethylenetetramine 
and 7.85 mL 1,3-diisopropylcarbodiimide (DIC) in 
60 mL anhydrous DMF under constant stirring and a 
nitrogen atmosphere for 22 h at room temperature. 
After the reaction, the solid materials (MCCW 4) 
were filtered and washed with DMF, saturated 
sodium bicarbonate solution, ultrapure water, and at 
last with ethanol 95%, sequentially. Finally, it was 
dried at 80 for 3 h and left in a desiccator overnight, 
MCCW 4 (3.1821 g) with a mass gain of 13.64% was 
obtained. 

 
Kinetic Study of Metal Ion Adsorption of 

MCCW 2, MCCW 3 and MCCW 4. 50.0 mg of 
absorbent was put into the Erlenmeyer flask with a 
capacity of 150 mL which contained 50.0 mL of 
metal ion solution in specific concentrations, 200 mg 
L-1 (Actual measurement 231.03 mg L-1) for Pb2+ and 
200 mg L-1 (Actual measurement 217.12 mg L-1) for 
Cd2+. The experiments were respectively carried out 
at pH 5.0 for Pb2+ and 5.5 for Cd2+. HCl or NaOH 
solutions (0.1 1.0 mol L-1) were used to adjust the 
pH. The absorption studies were for different time 
intervals (5, 10, 20, 30, 40, 50, 70 min) at a constant 
shock speed (150 rpm) at 30 . Finally, the samples 
were separated by centrifugation at 4000 rpm for 20 
min. And the concentrations of the metal ion were 
determined by an atomic absorption 
spectrophotometer (TAS-990, Purkinje General, 
China). The adsorption capacity qt (mg g-1) was 
calculated as follow: [30] 

 

 
where Vm (mL) represents the volume of metal 

ion solution.C0 and Ce (mg L-1) respectively 
represent the concentrations of initial and 
equilibrium metal ion. And m (mg) represents the 
mass of adsorbent. 
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pH Study of Metal Ion Adsorption of 
MCCW 2, MCCW 3 and MCCW 4. 50.0 mg of 
absorbent was put into the Erlenmeyer flask with a 
capacity of 150 mL which contained 50.0 mL of 
metal ion solution in specific concentrations, 200 mg 
L-1 (Actual measurement 231.43 mg L-1) for Pb2+ and 
200 mg L-1 (Actual measurement 230.20 mg L-1) for 
Cd2+.The pH range studied for MCCW 2, MCCW 3 
and MCCW 4 was from 1.5 to 6.5 for Pb2+ and 2.5 
to 7.5 for Cd2+, respectively. HCl or NaOH solutions 
(0.1 5.0 mol L-1) were used to adjust the pH. Each 
experiment was carried out during the times which 
were obtained from the kinetic study. The absorption 
studies were at a constant shock speed (150 rpm) at 
30 . Finally, the samples were separated by 
centrifugation at 4000 rpm for 20 min. And the 
concentrations of the metal ion were determined as 
described above. 

 
Adsorption Isotherms of MCCW 2, MCCW 

3 and MCCW 4. 50.0 mg of absorbent was put into 
the Erlenmeyer flask with a capacity of 150 mL 
which contained 50.0 mL of metal ion solution in 
specific concentrations (between 100 mg L-1 and 700 
mg L-1). HCl or NaOH solutions (0.1 1.0 mol L-1) 
were used to adjust the pH. Each experiment was 
implemented during the time obtained from kinetic 
study and at the pH obtained pH study, respectively. 
The absorption studies were at a constant shock 
speed (150 rpm) at 30 . Finally, the samples were 
separated by centrifugation at 4000 rpm for 20 min. 
And the concentrations of the metal ion were 
determined as described above. 

Regeneration Studies of MCCW 2. To 
evaluate the reusability of material, the regeneration 
studies were implemented. 100.0 mg MCCW 2 was 
put into the Erlenmeyer flask with a capacity of 150 
mL which contained 100.0 mL of metal ion solution 
in specific concentrations, 200 mg L-1 (Actual 
measurement 229.06 mg L-1) for Pb2+ and 200 mg L-

1 (Actual measurement 219.12 mg L-1) for Cd2+. The 
experiment was implemented at the pH obtained 
from the pH study. The adsorption times were 80 
min for Pb2+ and 90 min for Cd2+. The absorption 
studies were at a constant shock speed (150 rpm) at 
30 .After reaching equilibrium, the used adsorbent 
was separated by centrifugation. Then, the used 
adsorbent was eluted by 100.0 mL HCl (0.5 mol L-

1). The desorption studies were also at a constant 
shock speed (150 rpm) at 30 . The desorption 
times were 80 min for Pb2+ and 90 min for Cd2+. 
After centrifugation, 100.0 mL of ultrapure water or 
saturated NaHCO3 solution was respectively put into 
two 150 mL Erlenmeyer flasks with the eluted 
adsorbent. Then, the two flasks were transferred in 
an ultrasound generator (XO-5200DTS, Nanjing 
Ultrasound Instrument Co., Ltd.) which operated 
with a power of 150 W (25 ) at 45 kHz for 40 s. 
Finally, the mixtures were filtered and washed with 
ultrapure water until neutral. After each adsorption-

desorption cycle, absorbent was reused in the 
succeeding cycle. The cycles were repeated 
continuously three times to evaluate the reusability 
of adsorbent. 

 
 

RESULTS 
 
Extraction of Cellulose from Cassava Waste. 

Based on single factor experiments, the dosage of 
alpha-amylase, enzymolysis time, concentration of 
the NaOH solution and alkaline hydrolysis time were 
chosen as the main influence factors, and orthogonal 
experiments with four factors and three levels were 
carried out under the 105 W condition of optimal 
ultrasound power. The optimal conditions of 
extraction of cellulose from cassava waste were 
determined to be 0.8% alpha-amylase, 60 min 
enzymolysis time, 6% NaOH solution and 90 min 
alkaline hydrolysis time. Finally, the cellulose of 
cassava waste was extracted three times under the 
optimal conditions and in average the extracted 
cellulose of cassava waste (ECCW) was obtained 
with a content of 63.84%. 

 
Synthesis of MCCW 1, MCCW 2, MCCW 3 

and MCCW 4. The synthesis route of MCCW 1, 
MCCW 2, MCCW 3 and MCCW 4 are shown in Fig 
1. Hydroxyl groups of materials made it possible to 
allow carboxylic and amine functional groups to be 
introduced into the materials through formation of 
ester bond and amide bond [31]. According to 
reaction, carboxylic functions were introduced into 
MCCW 1 which with a mass increment of 88.14% 
was obtained. Next, MCCW 2, which with a mass 
increment of 10.61% was obtained, was synthesized 
by treatment of MCCW 1 with saturated NaHCO3 
solution. Polyamines ethylenediamine was 
introduced into MCCW 3 which with a mass 
increment of 11.59% was obtained. Polyamines 
triethylenetetramine was introduced into MCCW 4 
which with a mass increment of 13.64% was 
obtained. 
 

FTIR Analysis of MCCW 1, MCCW 3, and 
MCCW 4. The spectrum of ECCW and MCCW 1 
are shown in Fig 2. Comparing MCCW 1 with 
ECCW, significant change was noticed in the FTIR 
spectrum of MCCW 1 with a strong band at 1739 cm-

1, which corresponded to its carbonyl functions. The 
presence of carbonyl functional groups demonstrates 
that succinic anhydride acylated the hydroxy group 
of ECCW to form an ester bond and a carboxylic 
acid functional group. 

  The spectrum of MCCW 3 is presented in Fig 
3. The peak at 1740 cm-1 corresponded to the 
stretching vibration of the carbonyl of the amide 
functions. Then, the absorption band at 1577 cm-1 
was assigned to deformation vibration of the N-H 
bond of the amide function. The new absorption 
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peaks at 1158 cm-1 and 1256 cm-1 corresponded to 
stretching vibration of the C-N bond of the 
secondary amide functional group. Finally, the 
absorption band at 1056 cm-1 was assigned to 
stretching vibration of the C-N bond of the fatty 
amine. 

  The spectrum of MCCW 4 is shown in Fig 4. 
The absorption band at 1740 cm-1 was assigned to 
the stretching vibration of the carbonyl of the amide 
functions. Then, the peak at 1575 cm-1 and 1621 cm-

1 corresponded to deformation vibration of the N-H 
bond of the amide function and inner-plane 
deformation vibration of the N-H bond of the amine 
function. The new absorption band at 1161 cm-1 was 
assigned to stretching vibration of the C-N bond of 
the secondary amide functional group. At last, the 
absorption band at 1056 cm-1 corresponded to 
stretching vibration of the C-N bond of the fatty 
amine. 

SEM Characterization. The surface 
morphologies of raw cassava waste (RCW), ECCW 
and MCCW 2 are presented in Fig 5, as the 
adsorption effect of MCCW 2 is better than MCCW 
3 and MCCW 4. The RCW (Fig 5a and b) had a 
relatively smooth surface and a lot of particle matter 
which represented starch. The ECCW (Fig 5c and d) 
had a little particle matter, which implied that most 
of the starches of cassava waste were removed. 
However, the picture of Fig 5d showed that some 
starches were packaged by cellulose, which 
explained that the starch could not be removed 
completely. The MCCW 2 showed an obvious 
bundle of cellulose structure (Fig 5e) and appeared a 
rough surface and high porosity (Fig5f), indicating 
increased specific surface area, which was 
considered beneficial to the adsorption of heavy 
metals. 

 
 

FIGURE 1 
The synthesis route to MCCW 1, MCCW 2, MCCW 3 and MCCW 4 

 

 
FIGURE 2 

FTIR spectra of ECCW and MCCW 1 

 
FIGURE 3 

 FTIR spectra of MCCW 3 
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FIGURE 4 

FTIR spectra of MCCW 4 
 
 

 
 

FIGURE 5 
SEM images of RCW (a and b), ECCW (c and d) 

and MCCW 2 (e and f) 
 
 

Adsorption Studies of Pb2+ and Cd2+ on 
MCCW 2, MCCW 3 and MCCW 4. kinetic 
Studies. As a function of contact time, Pb2+ and Cd2+ 

adsorption by MCCW 2 is presented in Fig 6. The 
adsorption of Pb2+ rapidly increased during the first 
10 min, with more than 96% of Pb2+ being adsorbed 
by the MCCW 2. And the adsorption of Cd2+ rapidly 
increased during the first 20 min, with more than 94% 
of Cd2+ being adsorbed by the MCCW 2. It indicated 
that these metal ions were absorbed by numerous 
active sites which existed on the adsorbent surface 
[30]. Then, adsorption equilibrium was reached 
within 20 min for Pb2+ and 30 min for Cd2+. The 
phenomenon be explained by the fact that plenty of 

active surface sites were occupied by Pb2+ and 
Cd2+ and the rest of active surface sites were hard 
to be occupied because of the repulsive forces 
between molecules [32]. 

  In order to investigate adsorption process, 
pseudo-second-order kinetic model was introduced 
to identify the rate and the rate-controlling step of the 
adsorption. 

 

 
 
where k2 (g mg-1 min-1) represents the rate 

constant of adsorption of the pseudo-second-order. 
qe (mg g-1) is the equilibrium adsorption capacity 
which is calculated by the pseudo-second-order 
kinetic model. qt is the amount of adsorption at time 
t (min). h (mg g-1 min-1) represents the initial 
adsorption rate. 

  According to Fig 7 and Table 1, the values of 
the R2 of both Pb2+ and Cd2+ were more than 0.9997, 
and the qe values which is calculated by the pseudo-
second-order kinetic model were closer to the 
experimental data. These results indicate that the 
utilization of pseudo-second-order kinetic model is 
feasible to clarify the adsorption process of Pb2+ and 
Cd2+ on the MCCW 2, which suggests that chemical 
adsorption which involved surface chelation reaction 
or ion exchange was as the rate-controlling step of 
the adsorption mechanism [33]. The initial 
adsorption rate (h) of Pb2+ and Cd2+ are 341.30 and 
184.84 mg g-1 min-1, respectively, which implies that 
the initial adsorption was a rapid adsorption process. 

  As shown in Table 1 and Table 2, similar 
adsorption studies were conducted for Pb2+ and Cd2+ 

on MCCW 3 and MCCW 4 with similar results. 

 
 

FIGURE 6 
Effects of contact time for Pb2+ and Cd2+ 

adsorption capacity onto MCCW 2 
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FIGURE 7 
The Pseudo-second-order adsorption kinetic 

model of MCCW 2 
 
 
Effect of pH The adsorption process can be 

influenced by one of the key parameters which is the 
pH values of solution. The pH effect on Pb2+ and 
Cd2+ adsorption by MCCW 2 is shown in Fig 8. The 
adsorption capacity increased sharply from pH 1.5-
3.5 for Pb2+ and 2.5-5.5 for Cd2+, and reached the 
maximum values at pH approximately 4.5 for Pb2+ 
and 5.5 for Cd2+, respectively. When the pH values 
was low, the carbonyl functions of MCCW 2 were 
readily associated with hydronium ions (H3O+) 
rather than the metals of Pb2+ and Cd2+, which 
formed a repulsive force for Pb2+ and Cd2+. As the 
pH was increased, the surface of MCCW 2 was 

deprotonated, which led to the increasing of 
the adsorption capacity of Pb2+ and Cd2+ [34]. It is 
the key effect of pH to the competition between H+ 
ions and metals ions for active adsorption sites [35]. 
The maximal adsorption capacities of Pb2+ and Cd2+ 
on MCCW 2 are 227.41 mg g-1 and 222.58 mg g-1, 
respectively. And the maximal removal percentages 
of Pb2+ and Cd2+ on MCCW 2 are 98.26% and 
96.69%, which suggests that almost all of the heavy 
metal ions are removed. Then the adsorption 
capacity decreased at pH above 4.5 for Pb2+ and 5.5 
for Cd2+, which was possibly because of the 
formation of metallic precipitation. As shown in Fig 
8, the adsorption Capacity of MCCW 2 changed only 
slightly at the pH values from 2.5 to 6.5 for Pb2+ and 
3.5 to 7.5 for Cd2+, which indicates that the adsorbent 
material can be applied to the pH values of solution 
with a wide range. 

As shown in Table 3, similar adsorption studies 
were conducted for Pb2+ and Cd2+ on MCCW 3 and 
MCCW 4 with similar results. 

 
Adsorption Isotherm. The adsorption 

isotherms describe the interaction between the 
adsorbates and adsorbents. The adsorption isotherms 
of Pb2+ and Cd2+ for MCCW 2, MCCW 3 and 
MCCW 4 are shown in Fig 9. The adsorption 
capacity of Pb2+ and Cd2+ for MCCW 2, MCCW 3 
and MCCW 4 constantly increased with the growth 
of the concentration of adsorption solution in the 
beginning, and gradually decreased after reaching 
the maximum adsorption. The reason may be as 
follows: when the concentration of adsorption 
solution was lower, the amount of metal ions in the 
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solution was far below the saturated adsorption 
capacity. The metal ions were easy to spread into the 
interior of adsorption materials, and the absorption 
was relatively sufficient. Therefore, absorption 
capacity of materials constantly increased with the 
growth of the concentration of adsorption solution. 
When the concentration of adsorption solution was 
higher, the concentration of metal ions in the 
solution is relatively high and the adsorption rate was 
fast. Thus, the metal ions with chelation groups of 
absorption materials on the surface together formed 
a rigorous network system before the metal ions 
diffused into the interior of absorption materials, 
which hindered the entry of other metal ions, 
reducing the absorption capacity of materials. 
Besides, absorption solution with high concentration 
lowered the swelling property of absorption 
materials to a certain extent so as to decrease 
absorption capacity. Two typical isotherm models 
were used to evaluate the experimental data. 

The Langmuir isotherm model assumes that a 
homogeneous surface of adsorbent is covered by 
adsorbate of monolayer, and there is no interaction 
between the adsorbate molecules [36]. The 
Langmuir equation is given as follows: 

 

 

where qm (mg g-1) represents the maximum 
adsorption capacity. b (L mg-1) is a Langmuir 
constant which is related to the energy of adsorption. 
Ce (mg L-1) represents the concentration of 
equilibrium solution. qe (mg g-1) represents the 
adsorption capacity at equilibrium. RL is the 
equilibrium parameter used to reflect whether the 
adsorption is favorable.  

 
FIGURE 8 

Effects of pH on Pb2+ and Cd2+ adsorption by 
MCCW 2 

 
 

The Freundlich isotherm model is an empirical 
equation, which is more suitable for heterogeneous 

adsorption and not restricted to form a 
monolayer [37]. The Freundlich equation is 
represented as follows: 

 

where qe (mg g-1) represents the adsorption 
capacity at equilibrium. Ce (mg L-1) represents the 
concentration of equilibrium solution. KF and n 
represent the adsorption constants of Freundlich. 

According to table 4, the Langmuir isotherm 
model was more appropriate than Freundlich 
isotherm model due to the higher correlation 
coefficient R2. In addition, the maximum adsorption 
capacity, which was calculated by Langmuir model, 
of Pb2+ and Cd2+ for MCCW 2, MCCW 3 and 
MCCW 4 were extremely close to the corresponding 
experimental data. And the calculated maximum 
adsorption capacity was 476.19 mg g-1 for Pb2+ and 
289.02 mg g-1 for Cd2+ on MCCW 2, respectively. 
The values of RL, which was obtained from 
Langmuir model, ranged from 0.00065 to 0.02578, 
indicating that the adsorption of Pb2+ and Cd2+ for 
MCCW 2, MCCW 3 and MCCW 4 was a favorable 
(0 < RL < 1) and useful process [38]. 

 
 

FIGURE 9 
Adsorption isotherms for Pb2+ and Cd2+ on 

MCCW 2, MCCW 3 and MCCW 4 
 
 
 Regeneration Studies. The character of 

regeneration was one of the key parameters to 
evaluate the potential application value of the 
adsorbents [39]. In this study, the regeneration of 
MCCW 2 was eluted with ultrapure water or 
saturated NaHCO3 solution. From Table 5, the 
adsorption capacity of MCCW 2, which was eluted 
with ultrapure water, decreased from 227.13 to 81.30 
mg g-1 for Pb2+ and from 206.29 to 26.26 mg g-1 for 
Cd2+, respectively, after three cycles of adsorption
desorption. However, the adsorption efficiencies of 
MCCW 2, which was eluted with saturated NaHCO3 
solution, could still be maintained at 97.40% level 
for Pb2+ and 93.16% level for Cd2+ even after three 
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TABLE 3 
pH of largest adsorption of MCCW 2, MCCW 3 and MCCW 4 

 
Adsorbents pH of largest adsorption 

 Pb2+ Cd2+ 
MCCW 2 4.5 5.5 
MCCW 3 4.5 5.5 
MCCW 4 4.5 6.5 

 
 

 
 

 
 

 
  

 

 
 

 
      

 
 

          
          
          

 
 

          
          
          

 
TABLE 5 

Adsorption desorption cycles of MCCW 2 for Pb2+ and Cd2+ 

 
Cycle Pb2+ adsorption (%)  Cd2+ adsorption (%) 
 NaHCO3 H2O NaHCO3 H2O 
1 98.65 98.72  94.51 94.14 
2 98.00 40.47 93.83 15.25 
3 97.40 35.49   93.16 11.98 

 
 
cycles. The probable reason was that saturated 
NaHCO3 solution elution made the adsorbent surface 
become deprotonated, which enables the adsorbent 
to recover better adsorption capacity. Therefore, the 
regeneration studies showed that MCCW 2 could be 
successfully regenerated by saturated NaHCO3 
solution elution. 
 
 
DISCUSSION AND CONCLUSIONS 
 

The chelating functions (carboxylic acid and 
amine) were introduced to cellulose of cassava waste 
by a fast, effective and cheap methodology. The 
adsorption equilibrium of MCCW 2 was reached 
within 20 min for Pb2+ and 30 min for Cd2+, and the 
calculated maximum adsorption capacity was 476.19 
mg g-1 for Pb2+ and 289.02 mg g-1 for Cd2+ on 
MCCW 2, which was better than the MCCW 3 and 
MCCW 4. The adsorption process was described 
well by Pseudo-second-order and Langmuir model, 
which implied that the process might be a monolayer 
chemical adsorption process. The adsorption 
capacity of MCCW 2 changed only slightly at the pH 
values from 2.5 to 6.5 for Pb2+ and 3.5 to 7.5 for Cd2+. 
Regeneration studies indicated that the adsorption 
efficiencies of MCCW 2, which was eluted with 
saturated NaHCO3 solution, could still be 

maintained at 97.40% level for Pb2+ and 93.16% 
level for Cd2+ even after three cycles. All in all, 
MCCW 2 could be regarded as a promising 
adsorbent to remove Pb2+ and Cd2+ from polluted 
water. 
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ABSTRACT 

 
This study investigates the recovery of furnace 

iron waste (FIW) prepared by a zero-valent iron/FIW 
(ZFIW) catalytic process for reducing surface via a 
chemical reducing method applied to the degradation 
of dye wastewater. The modification of the catalyst 
is attested by X-ray diffraction (XRD) measurements. 
The experimental tests are run at pH 3, pH 11 and 
the neutral pH 5.5 of the suspension. The results 
show that for obtaining 5 g FIW catalytic and 5 g 
ZFIW catalytic at pH 3, pH 11 and the neutral pH 
condition, the treatments are 0%, 6.4%, 15.5% and 
10.5%, 17.1%, 82.9% efficient, respectively. Under 
the modified catalyst, the removal efficiency 
increases and the wastewater treatment process is 
shown to be successful. 
 
 
KEYWORDS:  
Methylene blue, furnace iron waste, decolorization, zero-

valent iron 

 
 

INTRODUCTION 

 
Human activity has resulted in increased waste 

from industrial processes and every day articles; 
these wastes comprise more kinds of components [1]. 
However, waste materials can also be seen as 
resources, and more research is being done on 
methods to reuse, recycle and recover certain waste 
products. For example, one study focused on the 
recovery of iron oxides from acid mine drainage and 
how they can be reused [2]; also, adsorption studies 
of basic dye on activated carbon derived from 
agricultural waste [3] have been conducted which 
focus on the efficiency of pollutant treatment. 

Iron is the most abundant element in the earth, 
and the oxidation-reduction of iron plays a leading 

part in natural ecosystems, and the iron acts as 
catalyst to catalyze the hydroxyl radical in the 
environment to oxidize other substances [9]. Iron is 
a substance indispensable to human life, and it is 
used in the making of many commodities [4]. 
However, manufacturing processes produce large 
amounts of iron-bearing waste, with the residues 
from the casting and calcination processes including 
cementite, hematite and magnetite. 

The iron-based material can be used to treat 
pollutants [6], and is used on its own or mixed with 
activated carbon as adsorbing material to enhance 
the electrification and adsorption capacity [5]. It can 
also be used as a catalyst in H2O2 to generate a 
hydroxyl radical to oxidize pollutants [8], or 
prepared in a zero-valent iron-based material as a 
reducer to treat pollutants [7]. There are few studies 
on the recycling of forge iron slag waste to treat dye 
wastewater. 

This study investigated the feasibility of 
recycling forge iron slag to treat dye wastewater. The 
surface of the recovered forge iron slag was reduced 
to zero-valent iron by chemical reduction, so as to 
enhance the treatment effect. 

 
 

MATERIALS AND METHODS 

 
Materials. The furnace iron waste came from a 

furnace iron manufacturing company in New Taipei 
City, Taiwan. Methylene blue (MB) dye and HNO3 
and NaOH were purchased from Aldrich Sigma in 
analytical purity and used in experiments directly 
without further purification. 

 
Preparation of Fe0/FIW catalyst Wrought 

iron slag was washed with deionized water first, 
dried process was conducted for two hours after the 
washing process at a temperature of 105  for two 
hours. FIW substrate was thus formed. FIW 
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substrate was then placed in side the base with 1N 
solution of sodium borohydride,iron surface of the 
substrate was then reduced to zero valent iron which 
is Fe0/ FIW substrate after the backup system process.  

 
Experimental process. Batch experiments 

were conducted in a 1000 ml glass beaker.Methylene 
blue dye with concentration of 20 ppm was put into 
a 1000 ml glass beaker in the beginning. 300 rpm 
stirring rate combined with the experimental time 
parameter. The base dose, different pH conditions 
were conducted in this experiment process and then 
compare with the treatment effect change for before 
and after modification of the substrate precursors. 

 
Analytical methods. The MB concentration 

was determined using a spectrophotometer UV/Vis 
(Jasco V-650) and measured by recording its 
absorbance at 664 nm. The pH values were 
determined by means of a pH meter. All samples 
were centrifuged prior to analysis. 

 
 

RESULTS AND DISCUSSION 

 
Characterization of methylene blue (MB). 

The phenothiazinium compound of methylene blue 
(MB) presents a planar heterocyclic aromatic 
structure, as shown in Fig. 1. The spectroscopic 
characterization showed an intense electronic 
absorption band in the red spectral region (~664 nm) 
[10]. A comparison with Fig. 2 showed the same, 
which under room light had not changed at 120 min. 
As Fig. 3 shows, the MB also remained unchanged 
under different pH conditions. 

 

FIGURE 1 
Characterization of methylene blue. 

  

 

 
FIGURE 2 

Photocatalysis of MB under room light condition. 
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FIGURE 3 

Photocatalysis of MB under different pH conditions. 
  

 

FIGURE 4 
XRD profiles of (a) FIW, and (b) ZFIW. 

 
 

Characterization of FIW and ZFIW. XRD of 
FIW and ZFIW. The XRD patterns of the non-
exchanged and exchanged FIW are shown in Fig. 4 
(profiles a and b, respectively). The experimental 
XRD profile of the non-exchanged FIW present two 
distinctive peaks at 35.6° and 62.9°; the profile of the 
exchanged ZFIW present three distinctive peaks at 
21.0°, 42.5°and 60.1°. The observed diffraction 
peaks agree well with the structure of zero-valent 
iron (JCPDS card No. 65-4899). 

 
Treatment efficiency. Treatment efficiency 

of FIW. The FIW adsorption efficiency of the MB 
dye solution at difference dosages was investigated. 
As Fig. 5 shows, when the dosage increased, the 
removal efficiency increased, with the results 
showing 55.6% removal efficiency at a 20 g dosage 

of FIW. Fig. 6 shows the effect of different pH 
conditions on the removal of MB, with the results 
showing that at pH 3 and pH 11 conditions. Since 
under acidic (pH 3) conditions, the substrate surface 
is positively charged and positive dye was adsorbed 
against repulsion, and under this condition the free 
iron ions easily, so that the substrate surface to 
reduce the adhesive force, However, particularly 
under alkaline (pH 11) conditions, the adsorption 
capacity is also smaller natural water pH (pH 5.5) 
under the conditions in effect, Sodium hydroxide 
was added inference may not be formed on the 
substrate surface functional groups, affect 
adsorption space. 

 

 

 
 

FIGURE 5 
Removal efficiency under different dosages of 20 

ppm MB dye solution by FIW. 
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FIGURE 6 
Removal efficiency under different pH 

conditions of 20 ppm MB dye solution by 5 g 
FIW. 

 
 

Treatment efficiency of ZFIW. The 
adsorption efficiency of the MB dye solution at 
different ZFIW dosages is shown in Fig. 7.The result 
showed that the removal efficiency increased when 
the dosage increased. It further showed that with an 
82.9% removal efficiency obtained at a 5 g dosage 
of ZFIW. The results proved that the modification of 
FIW by using the chemical reduction method to 
prepare ZFIW increased the removal efficiency of 
the MB dye. Fig. 8 shows the effect of the different 
pH conditions on the removal of MB, with the pH 3 
and pH 11 conditions which decreasing the 
adsorption efficiency. This result is the same as the 
results shown in Fig. 6. 

 

 

 
 

FIGURE 7 
Removal efficiency under different dosages of 20 

ppm MB dye solution by ZFIW. 
 

 

 
FIGURE 8 

Removal efficiency under different pH 
conditions of 20 ppm MB dye solution by 5 g of 

ZFIW. 
 
 

CONCLUSION 

 
This paper has reported on the recovery of 

furnace iron waste (FIW) using the chemical 
reduction method to reduce surface prepared zero-
iron/ FIW (ZFIW) for removing MB dye wastewater. 

The experimental results showed that the 
modified FIW increased the removal efficiency of a 
20 ppm concentration of MB dye solution, obtaining 
82.9% at a neutral pH condition for 5 g of ZFIW. 

The results show that the results are not 
conducive to the degradation of the dye under acid 
conditions. In other words, substrate surface 
potential impact was influenced by acidic conditions 
while substrate surface functional groups were 
relevant under alkaline conditions. 

This study was shown that the surface 
modification of the iron-containing waste will 
increase the treatment effect of methylene blue. This 
finding will be used for the future treatment of 
dyeing wastewater. 
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ABSTRACT 

 
The present study aimed to investigate the 

degradation effect of AR27 dye in waste water by 
using reused hand-warmer waste (HWW). H2O2 
was also added to study the decolorization and the 
total organic carbon (TOC) removal effect. 
Experimental results obtained for a solution of pH 3 
with 10 g of 40 ppm dye added showed a 98.69% 
decolorization effect. Adding H2O2 resulted in a 
94.54% decolorization effect and a 94.01% TOC 
removal effect. 67.87%, 42.25% and 40.57% 
decolorization effects were produced when in 
solutions with pH 5, pH 7 and pH 11, respectively. 
In addition, when adding H2O2 obtained 83.22%, 
49.72% and 88.46% decolorization effects and 
61.67%, 15.82% and 11.36% TOC removal effects, 
respectively. Therefore, decolorization had good 
representation when in pH 3 and pH11 conditions. 
There was no TOC removal effect when solutions 
pH was 11. Moreover, further experimental results 
obtained by adding H2O2. The results showed that 
the remaining dye concentrations were decreased to 
8.36 mg/L. Although the results principally exhibit 
the adsorption effect by adding H2O2 to increase the 
decolorization effect, hand-warmer waste (HWW) 
may still be a low-cost and good adsorbent for 
removing AR27 dye. 
 
 
KEYWORDS:  

AR27, hand-warmer, decolorization, TOC removal. 

 
 
INTRODUCTION 

 
In winter when cold air comes many people in 

Asia use hand-warmers for comfort, but these 
become waste after use and are arbitrarily 
abandoned. This adds to the rising amount of waste 
[1]. Hand-warmer waste (HWW) contains iron 
oxide, active carbon, zeolites, NaCl and absorbent 

polymers. In order to achieve both sound 
environmental protection and sustainable 
development, which is strongly associated with 
resource reuse, it is of great importance to 
maximize the recovery and recycling of iron oxide 
metals economically from HWW. 

Iron is the fourth most abundant element in the 
Earth's crust, and reactions involving iron play a 
major role in the environmental cycling of a range 
of important contaminants [2]. Iron exists in the 
environment dominantly in two valence states: the 
relatively water-soluble Fe(II) (ferrous iron) and the 
highly water-insoluble Fe(III) (ferric iron), with the 
latter being the stable form in oxygen-rich 
environments under neutral to alkaline pH 
conditions. Zero-valent (or elemental/native) iron 
(Fe(0)) is also found under some specific 
environmental and geological conditions [3]. 

Iron oxides exist in many forms in nature and 
magnetite (Fe3O4 -Fe2O3), and 

-Fe2O3) are the most common forms [4]. 
In recent years, the synthesis and utilization of iron 
oxide with novel properties and functions have 
been widely studied, due to their size in a 
nano-range, high surface area to volume ratios and 
super paramagnetism [5]. In pollutant treatment 
iron oxide has been investigated for dye removal 
with great success [6] as well as for heavy metal 
removal [7] and so on. In an aqueous environment 
of wastewater treatment the advanced oxidation 
processes (AOPs) have attracted more attention 
because of the formation of hydroxyl radicals (HO ) 
during degradation, which are the most powerful 
oxidizing species besides fluorine [8]. In the AOPs 
technologies, the Fenton-like reaction has been 
proven to be one of the most effective ways to 
degrade organic pollutants and this is based on 
solid liquid interface reactions. Fenton-like 
reaction has more advantages than homogeneous 
Fenton reaction with regard to less generation of 
ferric sludge and mild reaction conditions [9]. 
Consequently, reuse and recovery of HWW is a 
feasible and cost saving technique for remediation 
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of dyes in wastewater and to provide other pollutant 
remediation. The main purpose of this study was to 
1) investigate the degradation effect of AR27 dye in 
waste water by using reused hand-warmer waste 
(HWW) under different pH and hydrogen peroxide 
dose conditions. 2) to study the decolorization and 
the TOC (total organic carbon) removal effect by 
adding hydrogen peroxide dose. 3) find an 
applicable method for the waste disposal treatment 
in the future treatment of dye wastewater. 

 
 

MATERIALS AND METHODS 

 
Hand-warmer waste (HWW) preparation. 

Hand-warmer waste (HWW) was purchased from 
supermarkets and recovered after normal use and 
from the Kobayashi Co. This experiment used clean 
materials to open the hand-warmer sand put them in 
air for 24 hours until they did not feel warm. Others 
were recovered from normally used materials for 
comparison of the different TOC residue. Each 
experiment dried the materials at 105°C after being 
weighed and well mixed. 

 
Materials. AR27 dye, and H2O2 (30%, w/w) 

were used in this study. HNO3 and NaOH were 
purchased directly from Aldrich Sigma Inc., And 
HNO3 and NaOH were in analytical grade and they 
can be used in experiments directly without any 
further purification. 

 
Experimental process. Batch experiments 

were conducted in 1000 ml glass beakers. 
AR271000mlpigment was added into the reaction 
vessel by using a stirrer with 300 rpm stirring speed 
to conduct this experiment. In addition, substrate 
dosage as the experimental parameter accompanied 
with various dye concentrations and different pH 
conditions varied with time interval were also 
involved in this reaction process. Moreover, 
Fenton-like reaction effect by adding of hydrogen 
peroxide into this process was also discussed. 

 
Analytical methods. AR27 concentrations 

were measured using a spectrophotometer UV-vis 
(JASCO V-530) and recording its absorbance at 520 
nm. The pH values were recorded by a pH meter. 
BET surface area was determined from the nitrogen 
adsorption isotherms obtained at 196 C in a 
Quanta chrome Coulter apparatus with analyzed by 
BET-201-AC(Germany).The characterization 
analyzed by high resolution X-ray diffractometer 

(D8 Discover SSS, Germany). All samples were 
centrifuged prior to analysis. 

 
 

RESULTS AND DISCUSSION 

 
The characterization of hand-warmer waste. 

N2 adsorption Specific Brunauer  
Emmett Teller (BET). A N2 adsorption isotherm 
at 77 K of HHW sample (see Fig. 1) indicates that 
this material has a combination of micropores and 
mesopores. However, after the ion exchange the 
volume of N2 adsorbed at low values of 
P/P0decreased, suggesting a reduction in the 
available microporosity. The determined pore 
volume, BET surface area and advantage pore 
diameter (4V/S) were0.16 cm3/g, 125.18 m2/g and 
52.7710 Å, respectively. 

 

 
 

FIGURE 1 
N2 adsorption isotherm of hand-warmer waste. 

 

 
 

FIGURE 2 
Point of zero charge (PZC) of HHW and AR27. 

 
ZPC analyses of hand-warmer waste. Figure 

2 displayed the results of the point of zero charge 
(PZC) of the HHW sample. It showed that the PZC 
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value was 4.6, suggesting that at pH 4.6~11 the 
HHW particles are negatively charged, which 
cannot facilitate the anionic AR27 adsorption on 
their surface. 

 
XRD analyses of hand-warmer waste. 

Figure 3 shows that there were peaks appeared at 
 20.8°, 35.3°, 50.03°, 62.4°, 

respectively. The above results further identified 
that the material should belong to 
-Fe2O3maghemite according to the JCPDS card 

(No. 13-0534). 

 

 
 

FIGURE 3 
X-ray diffraction analysis results. 

 
Hand-warmer waste for dye adsorption 

effect. Different hand-warmer waste dosages for 
dye adsorption effect. Fig. 4 shows the adsorption 
reaction in a non-controlled pH for dye 
concentrations of 40 ppm AR27 by HWW amounts 
in 3 g, 10 g, 30 gand 50 g with a reaction time of 
150 min for decolorization of 4.05%, 16.78%, 
63.78%and 92.33%, respectively. The results 
indicated that the adsorption capacity rises because 
larger amounts of space provide more adsorptive 
sites. Consequently, greater amounts of HWW may 
affect the adsorption ofAR27 dye. 

 

adsorption effect. The results of a 40 ppm AR27 
solution with the HWW of 30 g in pH 3, pH 5, pH 7, 
pH 11 and non-controlled pH levels are shown in 
Fig.5. At a reaction time of 120 min, the 
decolorization efficiency of AR27 achieved 98.69% 
in a solution of pH 3; other results for pH 5, pH 7, 
pH 11 and non-controlled pH levels were 67.87%, 
42.25%,40.57% and 16.78%, respectively. 
Solutions with pH 3 or pH 5 definitely had 
significant adsorption effects. 

 

 
 

FIGURE 4 
Decolorization effect of different HWW amounts 
for AR27 40 ppm and non-controlled pH levels. 

 

 
FIGURE 5 

Decolorization effect of solutions with different 
pH levels for HWW of 10 g and AR27 of 40 ppm. 

 
Different dye concentrations adsorption 

effects. The results of different AR27 concentrated 
solutions with the HWW of 10 g in a solution with 
pH 3 are shown in Fig. 6. The results indicated that 
the obtained values were 98.69%, 87.35% and 
75.32% for 40 ppm, 80 ppm and 120 ppm, 
respectively. The results further indicated that a 
solution with pH 3 has a great decolorization effect. 

 
Added H2O2 for reaction. Added H2O2 for 

dye decolorization removal effect. The reactor 
added to H2O2 for decolorization removal effect, 
shown in Fig.7.  

The results show the decolorization rate was 
increased from 42.05% to 61.37% (0.0128 mmol) 
which indicated that decolorization effect was 
obtained by adding hydrogen peroxide to produce 
hydroxyl radicals in the reaction vessel. However, 
hydroxyl radical interaction was decreased by 
adding too much hydrogen hydroxide into the 
reaction vessel. And, thus, the decolorization effect 
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was also decreased.  
 

 

 
FIGURE 6 

Decolorization of different concentrations of 
HWW 10 g in pH 3 solution. 

 

 
 

FIGURE 7 
Decolorization removal effect of 10 g HWW in a 
solution with pH 5 (dye concentration 40 ppm). 

 
Added H2O2 for removal of dye in different 

pH conditions. Hydrogen peroxide is an efficient 

reaction. Figure 8 showed the decolorization 
removal efficiency under different pH conditions 
after adding 0.0128 mmol hydrogen peroxide 
(purity of 30%) and 10 g HHW for 40 ppm AR27 
dye. A low pH creates a Fenton reaction with a 
good effect, but a high pH 11 also has better effect.  

 

 

 
 

FIGURE 8 
Decolorizationwith 10 g HWW dosage at 

different pH levels (H2O2 concentration 0.0128 
mmol). 

 
Continue running experiment of 

decolorization removal effect. Four-cyclic 
reaction was designed for the substrate (material) in 
order to obtain the repetitive recycling efficiency in 
this study. The first cycle reaction was processed by 
adding 30 g. substrate (material) dosage with dye of 
40 mg/L concentrations. After that, the absorption 
reaction was then processed for 60 minutes. 40 mg 
of dye was then adding into this reaction vessel to 
make the concentrations back to about 40 mg/L. 
Peroxide hydrogen with concentrations of 0.0128 
mmol dosage were then added into this vessel for 
60 min. to complete the second recycle process. 
The third recycle process was continued the above 
cycle for another 60 min. After that, 40 mg/L of dye 
combined with  

0.0128 mmol dosage of peroxide hydrogen 
were then added into this reaction vessel to 
complete the fourth cycle process. The sampling 
time interval was set at 5 min., 15 min., 30 min. and 
60 min., respectively in this study.  

As shown in Fig. 9, when substrate is treated 
with the ratio of substrate 30 g. with the dye 
concentration 40 mg/L, accompany with by 
addition of hydrogen peroxide to produce hydroxyl 
radicals oxidizing the substrate surface dye, the 
adsorption capacity of the substrate can be maintain. 
Moreover, decolorization rate with more than 80 % 
can be achieved for four cycle reactions process.  
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FIGURE 9 
Continue running experiment of decolorization 
removal effect (dosage 30 g, dye concentration 

40 mg/L, H2O2 0.0128 mmol). 
 
 

CONCLUSIONS 

 
The earth resources will be used up due to the 

over developments for human beings with limit 
amounts of resources on earth. Therefore, how to 
recycle the discarded waste on earth has become the 
most important issue for people. 

This study investigated the use of recycled 
hand-warmer wastes, which is used in dyeing 
wastewater treatment, the results are shown in 
natural water pH value in the substrate 
concentration 50 g dose of 40 ppm of AR27 dye 
wastewater obtained 92.33 % of decolorization 
efficiency by experimental analysis. The results can 
be obtained as followed by controlling different pH 
values in this study. It was shown as followed: 
Substrate with concentrations of 10 g dose of AR27 
40 ppm of dye wastewater with pH 3 can have the 
best decolorization efficiency. The decolorization 
efficiency can also achieved 75.32% when AR27 
concentrations increased to 120 ppm. 

This study discussed the treatment of 
decolorization efficiency by adding the hydrogen 
peroxide in the dye wastewater. The results 
indicated that the decolorization efficiency was 
increased by adding hydrogen peroxide at 10 g, 
substrate dose with 40 ppm AR27 under pH 5 with 
reaction time of 60 min. Optimus results can be 
obtained by adding 0.0128 mmol dosage of 
hydrogen peroxide in the dye wastewater for this 
study. However, the results further indicated that 
the decolorization efficiency decrease as the 
amounts of hydrogen peroxide dose increase in the 
dye wastewater. The proposed reason is that excess 
of hydroxyl radicals to produce a chemical reaction 
with each other, so that hydroxyl radical number 

decrease in the oxidation of dye in the wastewater. 
This study further showed that the optimum 
decolorization efficiency can be obtained by adding 
hydrogen peroxide at 10 g, substrate dose with 40 
ppm AR27 under pH 3. This finding is the same as 
the previous study achieved by Fenton reactions. 
This research also found that the decolorization 
efficiency can be obtained at pH 11. This result is 
just opposite to the result conducted by adsorption 
experiment at the same pH 11 which revealed that 
less decolorization efficiency was found. Thus, 
Fenton reaction under heterogeneous base under 
conditions can also produce colorization effect.  

This experiment confirmed that the use of 
recycled waste Nuan nuan Bao for the dye 
wastewater treatment is a feasible and efficient 
method. It can not only recycle waste and further 
reduce environmental pollutants. This study, In fact, 
provided an applicable method for the waste 
disposal treatment and can be further applied in the 
treatment of dye wastewater. 
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ABSTRACT 

Al-Wu'Ayra castle is a Crusader fortified 
settlement located near Petra in the southern 
Jordanian governorate of Ma'an. Five stratigraphic 
sections were excavated in the archaeological area at 
al-Wu'Aira to better understand the environmental 
conditions prevailing during the Crusader settlement 
and the reasons for the rapid abandonment of the site. 
Geopedological investigations indicate a limited 
evolution of the site over the last thousand years, 
with arenosols characterising limited stages of 
pedogenesis.  

 
 
KEYWORDS:  
Pedostratigraphy, Petra, Archaeology. 

 
 
INTRODUCTION 

Petra is an archaeological site about 250 
kilometres south of Amman, Jordan, in a basin 
among the mountains east of Wadi Araba valley that 
extends from the Dead Sea to the Gulf of Aqaba. 
Petra is half-carved into the rock, with an altitude 
between 800 and 1396 m above the sea level and is 
surrounded by mountains riddled with passages and 
gorges. The site is accessible only from the north-
west, a narrow mountain path, and from the east 
through a canyon about 1.5 kilometres long and up 
to 200 meters deep, the Siq, which housed the main 
access road. Petra is one of the world's most well-
known archaeological sites, where ancient Eastern 
traditions blend with Hellenistic architecture [1]. 

Petra is part of a network of fortified sites 
located along the way from North to South of Jordan 
(Aqaba, Fig. 1), that constituted the strategic defence 
system of that land.  

The al-
fortified sites, is located on the summit of a rocky hill 

-
Bared to Wadi Mousa. Geologically, the entire area 
is composed of coarse, whitish arenaceous limestone 

from the strong erosion processes that affected all the 
jebels of the region, especially during the Quaternary 
[2]. Indeed, several aggradational and erosional 
phases, caused by climatic fluctuations, are known 
in the area for the Late Pleistocene and Early 
Holocene [3-4]). Holocene geomorphic changes in 
the area are prevalently represented by alternating 
sequences of wadi alluviation during winter rains 
and erosion during dry periods [5]. In chronological 
terms, important deposition/erosion phases occurred 
in the early Neolithic, probably during the 6th and 
perhaps the 5th millennia Before Christ (BC). The 4th 
millennium BC (Bronze Age) saw the greatest 
human impact on the environment, e.g.  Increased 
deforestation and overgrazing. Afterwards, during 
the Iron Age (1200-580 BC) deposition re-occurred, 
evidenced by angular, poorly sorted gravels and 
sands elevated from abandoned hill slopes [3]. 
Finally, during the late Roman, Byzantine and early 
Arabic periods, the climate appears to have 
improved [5], although much of the alluvial 
accumulation may have resulted from agricultural 
activities [2-6]. 

 

 
FIGURE 1 

General map of the Crusader settlements in 
Transjordan and the Petra archaeological area. 
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FIGURE 2 

Topographical sketch of the investigated area at Al-
sections examined (a=section 80; b=83; c=85; d=109; e=119). Thick black lines represent archaeological 

ruins. 
 
A period of aggradation period with remarkable 

sedimentation began around AD 1200 (Late Crusade 
Period), when progressive filling raised the wadi bed 
several meters. Down cutting and stream channel 
erosion occurred again in about AD 1700, and is still 
in progress until today [7]. Correspondingly, the 
vegetation cover changed several times; the original 
Mediterranean forest   gradually degraded to forest-
steppe and then to the present steppe-desert 
conditions [8].  

The present-day climate is characterised by 
semi-desert conditions (maT = 25°C, maP = 150mm: 
data from the Meteorological Department, Amman), 
with episodic rainfall in winter [9]. Typical soils are 
sandy, shallow, grey in colour and rich in lime. The 
vegetation cover is scarce, with mostly Irano-
Turanian steppe elements [7-10].  

 
 
MATERIALS AND METHODS 

During the archaeological survey, five 
stratigraphic sections were excavated at different 
sites within the al-Wu'Aira area (approx 600 mq, 
Fig.2) in order to establish the main environmental 
conditions proceeding or connected with human 
occupancy.  

Each stratigraphic section was described in the 
field following the Soil Survey Manual [11]. Depth, 
colour, texture, structure, stones and reaction were 
chosen as the most important characters to identify 
the different stratigraphic levels. Representative 
samples of each layer were collected, air dried to a 
constant weight, and sieved through a 2 mm stainless 
sieve to separate skeleton from fine earth for 
standard laboratory analyses [12].  On the fine earth, 
routine analyses were: particle size distribution 
following the method recommended by 

 
Wahsha et al. [13] and Zilioli et al. [14]: pH in water 
(1: 2.5 soil-water suspension) was measured 
potentiometrically following the protocol of 
Violante and Adamo [15]; organic carbon based on 
the method described by Walkley and Black [16]; 
available phosphorous (Olsen); total carbonates 
(gas-volumetric) was carried out according to the 
manual of the Italian Ministry of Agriculture and 
Forestry [15]. Undisturbed samples from selected 
horizons were embedded in epoxy resin to obtain 
thin sections for micromorphological investigations 
by light microscopy, following Bullock et al. [17]. 

 
 
RESULTS AND DISCUSSION 

The field description and physical and chemical 
characteristics of the investigated sections are 
reported in Table 1. 

 
Section n° 109. This site is located in an open 

area near the Crusade cemetery, close to the church 
(Fig. 2). The entire sequence consists of five 
horizons. The parent material is a whitish arenaceous 
limestone, the same that constitutes most of the 
geology of the entire Al-
(60 cm) soil profile developed over this rock. The 
colour is yellowish (10YR 6/4  2.5 Y 6/2). The 
overall texture is a coarse loamy sand on the surface, 
with a finer texture (sandy loam) at the bottom. The 
structure is weak blocky, with the exception of level 
1 (A horizon) where plant roots render the structure 
crumbly. Stoniness varies irregularly throughout the 
layers, suggesting some disturbance over time, The 
HCl-test reaction is strong to very strong in the 
overall section. The pH is alkaline, and carbonates 
occur down the whole section, with little increase in 
the subsoil. 
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TABLE 1 
Selected properties of the different stratigraphic units. 

Section number Layer Depth cm Colour Texture Structure Stoniness %  Reaction 

109 1  0-10 10YR6/3 loamy sands crumb 15 strong 
 2 10-25 10YR6/4 loamy sands loose 50 strong 
 3 25-35 10YR6/2 loamy sands loose 25 strong 
 4 35-45 2.5Y6/2 loamy sands blocky No moderate 
 5 45-60 2.5Y6/2 sandy loam blocky 5 strong 
        
119 1 0-140 7.5YR4/4 colluvium loose 70 strong 
 2 140-180 5YR5/1.5 loamy sands blocky No strong 
 3 180-190 5YR2.5/2 loamy sands blocky No strong 
 4 190-200 7.5YR5/4 sand loose No strong 
 5 >200 grey limestone rocky 90 strong 
        
83 1 0-35 7.5YR4/4 loamy sands sub blocky 70 strong 
 2 35-40 7.5YR3/3 loamy sands sub blocky No strong 
 3 40-50 10YR4/3 loamy sands sub blocky No strong 
 4 50-78 10YR3/4 sandy loam massive 10 strong 
 5 78-90 10YR5/4 loamy sands loose 10 strong 
        
85 1   0-5 2.5Y4/2 sand massive 5 moderate 
 2 5-10 2.5Y7/3 sand massive No strong 
 R >10 greyish sandstone rocky 90 moderate 
        
80 1   0-30 10YR7/6 loamy sands blocky 15 strong 
 2 30-43/50 10YR7/4 sandy loam blocky 25 strong 
 3 43/50-65 10YR6/4 loamy sands massive 15 strong 
 4 65-80 10YR6/6 loamy sands loose 5 strong 
 5 80-90 10YR5/5 loamy sands loose No moderate 

 
Organic C and P decrease regularly with depth. The 
high P concentration, however, suggests that intense 
human frequentation occurred at this site. 

Micromorphological examination of the thin 
sections from three horizons, corresponding to field 
descriptions n° 109/3, 109/4 and 109/5 (see Table 1), 
revealed the following features. The coarse fraction 
(>10 m, according to Bullock et al. [17] consists 
mostly of fine quartzose sand with lesser amounts of 
fine calcite silt. The fine fraction (<10 m) consists 
of finely divided and dispersed quartz grains mixed 
with a dark brown plasmic material, which has an 
undifferentiated b-fabric (Fig. 3a). In sample 109/3, 
well preserved coatings occur in the form of non-
laminated, limpid yellow-brown clay and dusty dark 
yellow-brown clay (Fig. 3b). Sample 109/4 shows a 
higher degree of aggregation in the matrix, with 
brown clay papules bordering mineral grains. 
Sample 109/5 exhibits a subangular blocky structure 
with a scarcely birefringent groundmass 
characterised by some brownish, opaque Fe-Mn 
nodules. Field and laboratory data: structure, organic 
carbon and phosphorus content suggest that this 

sensu stricto
(Haplic Arenosol), developed from aeolian 

depositional 
 
events of approximately a thousand years ago, then 
briefly cultivated in the upper portion during the 
Crusader settlement. 

 
Section n°119. This section was excavated at 

the site corresponding to the Crusade church, and 
therefore the time-span stretches from the 
establishment of the church (AD 1165) to its collapse 
and abandonment (AD 1185). 

This sequence consists of 4 layers developed 
over the basal level consisting of large calcareous 
stones. The deepest (layer 4) is brown, sandy, loose, 
subalkaline and calcareous. Over this is a loamy 
sand, subalkaline, calcareous blackish level (layer 
3). Although organic C and P occur in a rather low 
percentage, the dark colour (5YR2.5/2) and the weak 
blocky structure point to the occurrence of a fire. The 
next level upwards (layer 2) is a greyish-brown (5YR 
5/1.5) loamy sand, weakly structured, alkaline, 
calcareous, and rich in fresh vegetal remnants and 
fecal pellets. Over this organic-rich layer is a deep 
deposit of colluvial, stone-rich material (layer 1), 
which accumulated after the collapse of the church, 
possibly as a consequence of the above mentioned 
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fire. As shown in Table 1, with the exception of layer 
1, pH, carbonates, organic C and P decrease with 
depth along the whole section, while sand increases. 
Microscopic observations showed that the deepest 
layer (4°) is composed of a mosaic of fine calcite 
crystals (silt size), with little plasmic material (Fig. 
3c). Layer 3 exhibits a spongy structure with large 
pores and interconnected chambers. Abundant 
charcoal fragments, plant remnants and burnt soil 
matrix constitute the solid phase and indicate that a 
natural or man-induced fire occurred during the 
Crusader settlement. Mineral components are scarce 
quartz grains embedded in a brown apedal 
groundmass (Fig. 3d). The mineral components in 
layer 2 prevail over the organic. Plant residues are 
unburnt, light brown, elongated fibres or spherical 
fragments. The latter are probably fecal pellets 
transported by gravity and are composed of yellow 
vegetal fibres, aggregated and intimately mixed with 
small mineral grains. A concentration of these pellets 
was found in the uppermost part of this layer.  

Charred and uncharred wood was collected 
from layers 3 and 2 at this site. Morphological 
characteristics by scanning electron microscope 
(SEM) observations of these remnants suggest they 
belong to Retama raetam (Forssk.) Webb. The 
samples from layer 2 in particular show a peculiar 
state of preservation:  in transverse sections, clusters 
of cells, very different in size, show a small 
cylindrical process in the middle of the lumen. This 
cylindrical process proved to be hollow and is 
connected to the outer wall by tiny threads. There 
cells are likely to be deteriorated non-storied fibres. 
The external wall corresponds to the middle lamella 
(with or without the primary wall), and the 
cylindrical process to the innermost layer of the wall. 
The data recorded indicate that the whole section 
consists of soil sediments displaced by gravity in 
situ, as a result of the structural collapse of the site.  

 
Section n°83. This was excavated close to the 

site of an Arab smelter established after the 
Crusaders departed (AD 1189).  It consists of five 
levels (for a total of 90 cm) of a loamy sand to sandy 
loam deposit with very weak alteration (see Table 1). 
The bottom level is light brown (10YR 5/4), loose, 
alkaline and calcareous. Unidentified charcoal and 
ceramic fragments are frequent and a stone line 
occurs at the bottom. Organic matter and P levels 
(Table 1) point to human settlement related to the 
first archaeological phase, early 12° century [18]. 
Above this level, a yellowish (10YR 3/4) compact, 
thick layer formed the base of a castle pavement (II 
archaeological phase, AD 1165-1185) during the 
Crusader settlement. Abundant charcoal fragments, 
massive structure, organic C and P support this 
suggestion. 

A 10 cm thick layer overlies the former and 
represents the last Crusader settlement before their 
departure (III archaeological phase, AD 1189). It is 

yellowish brown (10YR 4/3), sandy loamy, 
subalkaline, calcareous, weakly structured and with 
abundant charcoal fragments. An Arab smelter was 
established here at the end of 12° century, and was 
abandoned in the middle 13° century [18]. The 
uppermost layers are quite different from the 
previous, as can be seen from the physical 
characteristics and chemical data (Table 1). In 
particular, there is much less organic C and P than in 
the previous levels. This suggests the cessation of 
human activity, as indicated by archaeological 
records. Microscopically, the entire section is very 
homogeneous: it consists of loose quartz and (minor) 
calcite grains embedded in a brownish, apedal 
groundmass, with clay papules bordering mineral 
grains (Fig. 3e). The whole section appears 
composed of strongly disturbed and reworked 
archaeological horizons, as indicated by macro and 
micro morphological features.  

 
Section n° 85. This section was excavated 

under a partially destroyed Eneolithic shelter (4,800 
BP).  Two levels were identified. The lowermost is 
sandy in texture; structure is massive to coarse 
angular blocky, hard when dry, alkaline and weakly 
calcareous. Organic matter and P are very low (see 
Table 1). The uppermost layer is windblown 
calcareous sand with a weak layered structure and 
alkaline reaction.  

The origin of these two levels is clearly 
attributable to aeolian deposition under arid 
conditions. Two kinds of features may be 
distinguished: 

- Sediments consisting essentially of sub-
round, etched sand grains (upper layer, Fig. 3f), well 
sorted (150-200 m); 

- Non sorted sand grains (lower layer), 
consisting of a mixture of sub-round grains, as 
above, bordered or simply capped by plasmic 
material.  

The former is the result of reworked aeolian 
sedimentation (recent depositional phase), the latter 
corresponds to runoff phases, which reworked 
sediments from the nearby rocks and soils. Our data 
and field evidence suggest that the whole section 
represents a recent aeolian deposit, formed in a short 
time after the shelter collapsed, with weak 
reworking, as indicated by sand grain etching and 
capping.  

 
Section n° 80. This section was excavated 

close to the site of a prehistoric shelter, subsequently 
used by the Crusaders as a site guarding access to the 
castle.  

It consists of 5 levels, all archaeologically 
sterile and weakly differentiated. Texture is sandy 
loam to loamy sand, reaction sub-alkaline with very 
high carbonates. The characteristics that render the 
levels different are structure, stoniness and the 
irregular distribution of organic C and P, as shown in 
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Table 1. Level 80/2 has a coarse angular blocky 
structure, frequent stones, alkaline reaction and high 
carbonates. The decrease in the amount of sand, 
organic C and P points to pedogenic reworking, in 
comparison with the subsequent levels. The top layer 
(80/1) is yellowish (10YR 7/6 dry), sandy loam with 
fine angular blocky structure and a surface crust (3 
cm deep), suggesting the level is weakly 
pedogenised. The fine fraction (<10 m) is dominated 

by brown silt and moderately oriented, speckled clay 
with weakly reticulate striated b-fabric.  

The whole deposit, in our opinion, consists of 
post-depositional (colluvial) material carried in 
place by gravity and water or wind, with some 
pedogenic reworking, after the castle was abandoned 
(AD 1189). It is therefore likely to be about 800 
years old. 

 
 

 
FIGURE 3 

Micrograph of thin sections from undisturbed samples collected at different sites  
in the investigated area. 

 
 Fine quartz crystals embedded in dark brown plasmic material with undifferentiated b-fabric (32x) from 

sample 109/3. 
 Limpid yellow-brown clay coatings bridging and bordering dusty dark brown plasmic material (64x) from 

sample 109/3. 
 Mosaic of fine calcite crystals, with very reduced pore space and a little plasmic material bordering the 

mineral fragments (32x) from sample 119/4. 
 Apedal groundmass with dark brown clay papules (32x) from sample 119/3. 
 Loose quartz grains (q) bordered by pale brown, limpid clay films (c) and papules (64x) from sample 

83/3. 
 Loose etched quartz grains, well sorted. Groundmass is almost absent (64x). Sample 85/1. 
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SUMMARY AND CONCLUSIONS 

The stratigraphic sections were excavated at 
different sites corresponding to different 
archaeological units of the castle area. These units 
conform to a limited time-span, ranging from about 
1000 AD to the present day. 

All the profiles showed generally uniform 
physico-chemical characteristics, derived from the 
parent rocks in the surrounding uplands. They are 
characterised by weak pedogenic alteration, have a 
single grain structure with very weak consistency in 
the sandy layers and a subangular blocky structure in 
the loamy layers, sub-alkaline reaction, little organic 
C and P. The data recorded are consistent with 
disturbed, archaeologically related deposits that have 
undergone some pedogenic reworking, particularly 
recognisable in thin sections. Pedogenic features 
such as corrosion, aggregation, caps and coatings 
point to short-term pedogenesis (one thousand years) 
of reworked soil material, with the formation of 
weakly developed Arenosols. 

With regard to plant history, the highest 
number of Mediterranean trees and shrubby plants 
occurs in the most ancient levels (samples 109/5, 
109/4, 85/2). This suggests that the dominant 
vegetation in the area was previously of 
Mediterranean type; it later became highly 
impoverished and degraded into steppe vegetation 
[2]. The decrease in Mediterranean flora elements 
coincides with the introduction of cultivated 
Cerealia. This cultivation lasted over a brief interval 
and can be referred to the Crusader settlement in the 
area (AD 1165-1189). 

The landscape surrounding the castle appears to 
have remained quite similar in its global delineation 
since the Medieval Age up to today, and is consistent 
with the steppe vegetation of the Mediterranean 
region. 
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ABSTRACT  

In this study, lead of heavy metal was applied 
one month to California red worm (Eisenia foetida) 
in order to identify damage of lead accumulation in 
the soil. 36 adult California red worms (Eisenia 
foetida) were used. The first group was control 
group, the second group was applicated the daily 
200 ppm lead standard and the third group was 
applicated lead standard and broccoli in the 
medium. Histopathological estimation of control 
group in skin tissue was not observed degeneration. 
The daily 200 ppm lead standard applicated the 
second group histopathological evaluation was 
observed cellular atrophy which shrinking the 
volume of epidermis cells and necrotic cells which 
losing the nuclei. Lymphocytic infiltration was 
detected at the dermis densely. Broccoli+lead 
applicated in group 3, where in the epidermal cells 
were detected swollen and vacuolated unlike the 
group 2. Especially, accretion and hypertrophy in 
goblet cell was greater. Cellular degeneration or 
injury was not observed in the dermis layer. 

 
 

KEYWORDS:  
Eisenia foetida, Heavy metal; Histopathological; Lead; 
Skin 

 
 

INTRODUCTION 

In the last century, rapidly growing industry 
and industrialization in the world brought a number 
of conveniences, but also certain problems as well. 
Environmental pollution has become one of the 
problems threatening our world as a result of the 
industrialization efforts. Rapidly increasing 
environmental pollution is topic that many 
countries are working on carefully [1, 2, 3]. 

Heavy metals are found in nature as mineral 
ores; these spread around the environment as a 
result of human activities and industrial uses. The 
rapid development of the industry, high chemicals 
production and consumption, lack of attention to 
decontamination are factors increasing the 
dimensions of environmental pollution. Heavy 
metals intensively spread through the environment 

and enter into the food chain, accumulate in humans 
and cause various health issues [4, 5]. Problems 
with determination of the status of these toxic 
pollutants in the ecological process, characterization 
of sources and appropriate control criteria are 
among the most important and challenging issues 
that international decision makers face [6] 

taking into account persistence, toxicity and 
bioaccumulative potential and containing most 
dangerous toxic compounds also involves 
cadmium, mercury and compounds of these heavy 

dangerous compounds primarily involves copper, 
nickel, lead, chromium and many more metal 
metalloids [7]. 

Toxic effects of heavy metals are generally 
concentrated on cell organelles, enzymes and cell 
membranes. The toxicity of metals involves the 
interaction between toxicological target and 
released metal ions. There are many factors 
involved in toxic effects of heavy metals. For 
example, the metabolism of main elements required 
for the tissue might be the same element causing the 
toxicity. Also, cells playing an active role during 
metal transfer (renal tubular, gastrointestinal, liver) 
are the most sensitive cells against the toxic effect 
[8]. 

Each year, communities are increasingly 
exposed to Pb contamination due to 
industrialization. Today, approximately 3 million 
tons of Pb is consumed around the world. This 
amount is 1 million tons more than the Pb 
consumption of 50 years ago [9]. 

Human body takes 15% of lead through air, 
20% through water and 65% through food. Lead is 
absorbed through respiration and digestion. Lead 
absorption through intestines is very slow. In 
general, 10% of the lead taken through mouth by 
adults and 40% of the lead taken through mouth by 
children is absorbed by intestines. The excretion 
rate of lead is very slow and therefore, it 
accumulates in the body for life. At young and 
middle ages, lead mostly accumulates in soft 
tissues. Absorbed lead may spread to various organs 
(aorta, pancreas, lung, liver, cartilage, kidney,  
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FIGURE 1 

Control group skin tissue, single-layer cubic-prismatic epithelium (        ) tight,  
irregular connective tissue  (         ), 40' lens. 

 
spleen and muscles) through blood circulation. In 
addition, the rate at which lead accumulates in 
bones increases with older age (50-60) and 90% of 
the lead in body accumulates in bones. Other than 
bones, lead accumulation in kidneys and live is also 
important. Lead is a typical cumulative toxin and its 
excretion through feces and urine is very slow. 16% 
of excretion is through gall, 76% is through urine 
and the remaining is through other ways such as 
hair and epithelial tissue loss [10]. 

The length of worms used in this study ranges 
between 5-15 cm, while length of Giant Australia 
Worms (Megascolides australis) varies between 50-
100 cm. Earth worms have long bodies and 
terrestrial rings. They mostly have a cylindrical 
structure, but their last parts may be rectangular, 
octagonal or trapezoidal in cross-section. In some 
individuals, the last part is flattened in back-
abdomen direction and paler than back [11]. Worms 
do not have a skeleton. They have a segmented, 
colored body with seta and thin outer cuticle tissue. 
They usually have a red, brown color or a 
combination of these two colors. It has been 
reported that the reason why these worms have a 
reddish and pink color is due to hemoglobin content 
of capillary blood veins close to body walls [12]. 

The aim of this study is to investigate the 
effects of lead accumulation in soil and water on 
living organisms. It is known that heavy metals lead 
to toxic effects on living organisms in soil and 
water. In order to identify damages caused by lead 
accumulation in soil to living organisms, lead heavy 
metal was applied to Californian red worm (Eisenia 
foetida) for a month. After this application, 
histopathological examination of skin tissue was 
carried out using hematoxylin eosin staining 
method [13]. 

 
 

MATERIALS AND METHODS 

36 adult Californian red worms (Eisenia 
foetida) were used in this study. Californian red  

 
worm were divided into 3 groups, each consisting 
of 12 worms. The first group was the control group, 
200 ppm of lead standard was applied to the second 
group and the third group had broccoli in the feed 
area in addition to lead. A feed area containing tea 
residue, coffee ground, banana peel and egg shell 
was created for each group. However, broccoli cut 
into very small pieces was added to the feed area of 
the third group. 

1. Group = Control Group (tea residue, coffee 
ground, banana peel and egg shell) 

2. Group = 200 ppm lead per day (tea 
residue, coffee ground, banana peel and egg shell) 

3. Group = broccoli + 200 ppm lead per day 
(tea residue, coffee ground, banana peel, egg shell 
and broccoli) 

Heavy metal was applied for a month. At the 
end of the month, worms were killed and specimens 
were taken from anterior and posterior regions for 
histological examination of the skin tissue. 
Specimens were fixed in 10% formaldehyde 
solution for 48 hours. Tissues were washed under 
tap water for a night in order to remove the fixative. 
70%-80%-96% and 100% alcohol were applied to 
the specimens to perform routine histological tissue 
tracking procedure. Xylol was used for more 
transparency and then the specimens were taken 
into paraffin. Tissues were buried into paraffin and 
sections with a thickness of 5 microns were taken. 
Hematoxylin eosin staining method was used on 
sections in order to evaluate the skin tissue in terms 
of histology. Examinations were performed using 
Leica DM 500 light microscope and photos were 
taken when deemed necessary. 

 
 

RESULTS 

In observations, which continued for a month, 
it was seen that the worms in the second group grew 
even larger compared to the control group. On the 
other hand, the worms in the third group, which 
were given broccoli+lead, remained weaker  
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FIGURE 2 
Lead application of the second group, cellular atrophy  in epidermis (        ),  

lymphocyte infiltrations in dermis  (        ), 40' lens.

 
FIGURE 3 

Lead + Broccoli application of the third group, swollen, vacuolar and hypertrophic epithelium 
 and goblet cells (        ), 40' lens. 

 
compared to the control group. Some of them 

 even maintain their vital activities until 
end of the experiment.  

It was observed in light microscope 
examinations that the skin constituted 2 layers, 
epidermis and dermis. It was found that the 
connective tissue of dermis formed papillae by 
projecting amongst the epithelium. It was identified 
that epidermis consisted of a single cubic-prismatic 
cell layer and these cells had sills on their apical 
surfaces. A large number of mucus-secreting goblet 
cells were observed between epithelium cells with 
sills.  

No degenerations were found as a result of the 
histopathological evaluation of the skin tissue of the 
worms raised under normal conditions, the control 
group. It was determined that single-layer cubic-
prismatic cells displayed an orderly arrangement. 
No pathological findings were obtained from the 
tight, irregular connective tissue in the dermis. 
Collagen fibers were found to be quite dense 
(Figure 1).  

In the histopathological evaluation of the 
second group, given 200 ppm of lead per day, it was 
observed that epidermis cells shrank in terms of 
volume, i.e. cellular atrophy occurred, and some 
cells lost their nuclei and necroses. Dense 
lymphocyte infiltrations were found in dermis 
(Figure 2).  

Unlike the second group, worms in the third 
group, given broccoli + lead, had a swollen and 
vacuolated appearance. The growth in volume, i.e. 

hypertrophy, was observed in goblet cells in 
particular. No degeneration or cellular damage was 
observed in the dermis layer (Figure 3).  

 
 

DISCUSSION AND CONCLUSION 

Body wall of worms is made up of cuticle, 
epidermis, nervous tissue, longitudinal and ring-
shaped muscle layer and coelomic epithelium [12]. 
This longitudinal and transverse muscle system 
with the upper skin is called "skin-muscle sheath". 
Coelomic epithelium is very thin on the muscle 
sheath and septum. On the intestinal veins and 

 
Coelomic cavity is filled with a colorless liquid 
containing different shaped lymphocytes, 
fragmented chloragogen cells and sexual glands. 
Some of the segments carry a puncture along the 
middle line of the back. These punctures connecting 
coelomic cavities to outside are called dorsal pores. 
It was found that, in case of a risk of drying, a 
certain portion of the body fluid is excreted from 
these punctures so that the skin humidity can be 
maintained [11]. 

In a study, specific concentrations of 
cadmium, copper, lead and zinc were given to 
artificial soil containing Eisenia foetida (Annelida: 
Oligochaeta) and mortality, growth and cocoon 
production were observed for 56 days. In addition, 
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the number of living cocoons and percentage of 
juveniles per cocoon were recorded. It was reported 
that heavy metals reduced cocoon production, 
breeding values, increased mortality and 
susceptibility to death. However, it was also 
reported that heavy metals did not have a significant 
effect on cocoon viability [14, 15]. 

In a study conducted by Helling et.al., [16] a 
certain ppm of copper was applied to Eisenia 
foetida species in a substrate under laboratory 
conditions. As the copper concentration increased, 

well and growth, development and cocoon 
production were affected adversely.  

It was observed in this study that application 
of 200 ppm of lead caused significant degenerations 
on the skin tissue of Californian redworm (Eisenia 
foetida). It was seen that the addition of broccoli, 
which is known for its antioxidant activity, to the 
feed area of the third group did not prevent the 
effects of lead and pathological issues were seen on 
the skin tissue for this group as well. Also, it was 
also found that broccoli acidified the environment 
and Californian red worm (Eisenia foetida) had a 
low tolerance for these conditions, and as a result, 
some of the worms could only live until the third 
week of the experiment. In conclusion, it was 
validated with this study that lead accumulation in 
soil caused severe damages on tissues of living 
organisms. We need to protect the environment and 
take necessary measures. 
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ABSTRACT 

The present study was undertaken to investigate 
the genotoxicity of amoxicillin in rainbow trout 
(Oncorhynchus mykiss) erythrocytes. The DNA 
damage was measured as the percentage of DNA in 
comet tails and micronucleus formation in 
erythrocytes of fish exposed to different 
concentrations of amoxicillin (80, 160 and 320 
mg/kg bw). Cyclophosphamide was used as a 
positive control (4 mg/L). Blood erythrocytes were 
sampled on day 3, 6 and 10 of exposure. It was 
obtained that, amoxicillin induced a significant 
increase (p<0.001) in the percentage of DNA in 
comet tails as well as micronucleus frequency at 320 
mg/kg bw treatment group when compared with 
negative control group at all exposure times. The 
highest DNA damage was found on day 6 of 
exposure with both micronucleus test and comet 
assay. The results of the study indicated that, 
amoxicillin has genotoxic effects on fish at high 
concentrations. 

 
 

KEYWORDS: 
Amoxicillin, Oncorhynchus mykiss, genotoxicity, comet 
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INTRODUCTION 

Currently, various chemotherapeutic agents are 
intensely used in aquaculture to treat or prevent 
disease outbreaks [1-3]. Genotoxic effects of several 
antibiotics and antiparasitic agents have been 
reported in previous studies [4,5]. Due to fish are the 
alternative food source for human, genotoxic 
contamination of aquatic ecosystem also pose threat 
to human health as well as aquatic organisms. The 
relationship between the genotoxic concern of 
aquatic ecosystems and carcinogenic effects in 
human have been detected in previous 
epidemiological studies. Also, fish species act as a 
sentinel organism in genetic toxicology assessments 
and play significant role in early determining of 
potential risk for aquatic environment, due to they 
are directly exposed to environmental chemicals 

[1,6].   
Amoxicillin is a penicillin derivative antibiotic, 

frequently used in human and veterinary medicine 
due to its broad spectrum of activity. Also it is 
considered the most important penicillin derivative 
antibiotic applied in aquaculture [7] and used to treat 
or control of several important bacterial infections 
[8,9]. In food-producing animals, amoxicillin is 
approved for use as amoxicillin trihydrate [10]. 
Genotoxic effect of amoxicillin have been 
investigated by several genotoxicity test systems on 
mammalian species and controversial results have 
been reported. On the other hand, extremely limited 
data have been reported on genotoxic effect of 
amoxicillin on fish species.  

A number of methods are applied to assess 
genotoxic damage in aquatic species. Comet assay 
and micronucleus (MN) test are currently the most 
widely methods to detect genotoxic damage in 
aquatic species. Several authors have suggested that 
both assays should be employed due to their abilities 
to detect different aspects of genotoxicity [11].  

Amoxicillin or similar antibiotics that was 
usually considered non-genotoxic may injure 
genomic DNA via the induction of reactive oxygen 
species (ROS) [12]. Considering the lack of 
published data on genotoxic effect of amoxicillin on 
target aquatic species, the present study was 
conducted to investigate the in vivo genotoxic 
potential of amoxicillin in Oncorhynchus mykiss. 

 
 

MATERIAL AND METHODS 

Animals. The experimental protocol was 
approved by Istanbul University Animal 
Experiments Native Ethical Committee (Protocol 
number 136). The tests were carried out on 150 adult 
rainbow trout (Oncorhynchus mykiss). Healthy 
specimens of Oncorhynchus mykiss with average 
body weight of 40-60 g., were obtained from 
Sapanca Inland Waters Research Center of the 
Fisheries Faculty of Istanbul University, Turkey. 
Fish were divided into 5 groups of 30 fish each and 
they were placed in fiberglass tanks with a 12h light- 
dark photoperiod. The tanks were supplied with 500 
L of freshwater with an average temperature of 12-
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18 °C, dissolved oxygen was maintained around 8-9 
mg/ L and the pH amounted to 7.4-7.8. Fish were 
acclimated to laboratory conditions for 30 days 
before the experiments.  

 
Chemicals. Amoxicillin trihydrate (CAS 

61336-70-7) and cyclophosphamide (CAS 6055-19-
2) were purchased from Sigma- Aldrich (St. 
Louis,MO). Giemsa stain was obtained from Carlo 
Erba, (Milan, Italy). All other chemicals were 
obtained from Merck (Germany).  

 
Experimental design. The doses were selected 

based on the therapeutic protocol in fish species. 
Amoxicillin is used in medicated feed at a dose of 
80-160 mg/kg of body weight (bw) for 10 days for 
treatment of fish diseases [13]. In this regard, 
treatment groups were exposed to amoxicillin both 
in therapeutic interval (80-160 mg/kg bw) and higher 
dose (320 mg/kg bw) for 10 days. Fish were fed daily 
(2% body weight) with rainbow trout pellets 
containing different concentrations of amoxicillin 
trihydrate. Commercial rainbow trout pellets were 
moistened with cornflower oil to ensure attachment 
of powdered drug to the pellets, then amoxicillin 
trihydrate was added and carefully mixed with the 
pellets [14]. Cyclophosphamide was used at 
concentration of 4 mg/L in a single dose as a positive 
control [1]. Another group of fish were maintained 
in dechlorinated tap water as a negative control. The 
food for the control groups was moistened with 
cornflower oil, without drug. Peripheral blood 
samples were obtained from the caudal vein of fish 
on the 3rd, 6th, and 10th days of the exposure period 
and processed for comet assay and MN test. For each 
sampling interval, ten fish were sampled from each 
groups. 

 
Single cell gel electrophoresis assay (Comet 

Assay). The comet assay and the diffusion assay 
were carried out according to Frenzilli et al. (1999, 
2004).  

The comet assay was performed according to 
Cavas and Konen [15] with slight modifications. A 
few microliters of blood sample were diluted with 1 
ml of cold phosphate- buffered saline (PBS). Sixty 

of 0.65 % low melting point (LMP) agarose. 
Seventy- five microliters of the mixture were spread 
onto slides previously coated with 1 % normal 
melting point (NMP) agarose. The slides were 
immediately covered with a coverslip and kept in 
4ºC for 10-15 minutes to solidify agarose. Then, 
coverslips were carefully removed and the slides 
were immersed in cold lysing solution (2.5 M NaCl, 
100 mM Na2EDTA, 10 mM Tris, pH 10 with 10 % 
dimethyl sulfoxide and 1% Triton- X- 100) for at 
least 1 hour, at 4ºC. Afterwards, the slides were 

placed on a horizontal electrophoresis tank filled 
with fresh electrophoresis solution (1mM Na EDTA, 
300 mM NaOH, pH 13.5) and left in the solution for 
20 minutes to allow the unwinding. Then, 
electrophoresis was performed at 25 V and 300 mA 
for 30 minutes. After the electrophoresis, the slides 
were rinsed three times with a neutralization solution 
(0.4 M Tris buffer at pH 7.5) for 5 minutes and 
stained with 75 etidium bromide. Slides were 
viewed under a fluorescence microscope (Olympus 
BX51, Olympus Optical Co. Ltd, Japan) and comet 
tails were analysed using a specific software (Bs 200 
Pro, BAB Imaging System, Ankara, Turkey). At 
least 100 cells were counted in three replicated slides 
per sample to characterize DNA damage. The 
percentage of DNA in the tail of comets (% tail 
DNA) was used as the parameter of DNA damage.  

 
Micronucleus Test. The MN test was 

performed according to Al-Sabti and Metcalfe [16]. 
Blood samples were obtained from caudal vein and 
immediately smeared onto precleaned slides. After 
fixation in pure ethanol for 20 minutes, slides were 
left to air- dry and stained with 10 % Giemsa solution 
for 25 minutes. Three slides were prepared for each 
fish and 2000 erythrocytes were scored from each 
slide under an Olympus CX31 microscope with x100 
magnification. Small, non-refractive, circular or 
ovoid chromatin bodies displaying the same staining 
and focusing pattern as the main nucleus were scored 
as micronuclei.  

 
Statistical Analysis. Statistical differences 

within groups at different exposure times were 
determined by repeated measurement of ANOVA, 
whereas differences between groups at each 
exposure times were compared by one- way 

All the data were expressed as the mean ± standart 
error (SE) for each experiments. Three levels were 
considered statistically significant: *p > 0.05, **p < 
0.05 and ***p < 0.001. 

 
 

RESULTS 

Three levels were considered significant: *p < 
0.05, **p < 0.01, and ***p < 0.001. 

 
Micronucleus Test. The results on MN 

induction in erythrocytes of Oncorhynchus mykiss 
are presented in Table 1. As shown in the table, 
treatment with the highest dose of amoxicillin (320 
mg/kg bw) caused a significant increase (p<0.001) in 
the MN frequency with respect to the negative 
control and other treated groups at all the exposure 
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TABLE 1 
Micronucleus frequencies (MN/2000) in peripheral blood erythrocytes of O. mykiss (mean ±  SE) 
 
Sampling 
time 

Negative 
Control 
 

CYP 
4 mg/ L 
 

AMX 
80 mg/kg 
 

AMX 
160 mg/kg 
 

AMX 
320 mg/kg 
 

Significan
ce 

3. day 
 

5.07 ± 0.77 
c, x 

27.73 ± 1.01 a, 

x 
4.77± 1.0 c, x 5.97 ± 0.83 c, x 15.80 ± 0.49 b, x *** 

6. day 
 

4.46 ± 0.80 

c, x 
28.26 ± 1.24 a, 

x 
5.83 ± 1.12 c, x 6.97 ± 1.13 c, x 16.33 ± 0.53 b, x *** 

10. day 
 

4.63 ± 0.73 

c, x 
25.90 ± 1.13 a, 

x 
5.33 ± 0.96 c, x 6.33 ± 0.65 c, x 15.90 ± 0.48 b, x *** 

Significance NS NS NS NS NS  
 a,b,c  : Differences between the mean values carrying different letters in the same line are significant. 
 x        : Differences between the mean values carrying different letters in the same column are significant. 
CYP : Cyclophosphamide, AMX: Amoxicillin, MN: Micronucleus  
NS: Not significant (p>0.05); *** p< 0.001 
 
 

TABLE 2 
Percentage of DNA tail in peripheral blood erythrocytes of O. mykiss (mean ± SE) 

Sampling time 
 

Negative 
Control 

CYP 
4 mg/ L 
 

AMX 
80 mg/kg 
 

AMX 
160 mg/kg 
 

AMX 
320 mg/kg 
 

Significa
nce 

3. day 
 

18.35 ± 
2.09 c, x 

65.40 ± 3.45 a, y 20.54 ± 3.89 c, 

x 
23.05 ± 5.11 c, 

x  
37.80 ± 1.67 

b, y 
*** 

6. day 
 

17.87± 
3.38 c, x 

68.70 ± 2.93 a, xy 23.92 ± 2.73 c, 

x 
22.06 ± 2.21 c, 

x 
47.78 ± 2.93 

b, x 
*** 

10. day 
 

18.23 ± 
3.92 c, x 

71.30 ± 2.61 a, x 19.97 ± 3.62 c, 

x 
21.67 ± 3.35 c, 

x 
35.31 ± 3.06 

b, y 
*** 

Significance NS * NS NS **  
          a,b,c  : Differences between the mean values carrying different letters in the same line are significant. 
           x        : Differences between the mean values carrying different letters in the same column are significant. 
       CYP : Cyclophosphamide, AMX: Amoxicillin NS: Not significant (p>0.05); *** p< 0.001; ** p<0.05 

 
 

times. The damage started to increase from day 3 to 
day 6 and decrease from day 6 to day 10, but the 
differences were not found significant (p>0.5). The 
highest frequency of MN was observed at 6th day in 
the 320 mg/kg group. In the other treatment groups 
(80 and 160 mg/kg bw), no significant difference 
was found with respect to the negative control group. 

 
Single cell gel electrophoresis assay (Comet 

Assay). The damage was measured by using the % 
tail DNA as the parameter of assessment. The results 
of comet assay are presented in Table 2 and typical 
comet images are shown in Fig. 1. When compared 
to control group, a clear and statistically significant 
increase (p<0.001) in the % tail DNA values was 
found in the group treated with the highest dose of 
amoxicillin (320 mg/kg bw) in all exposure times. 
Nevertheless no significant increase was observed in 
the groups exposed to 80 and 160 mg/kg bw of 
amoxicillin with respect to the negative control 
group (p>0.5). In the 320 mg/kg group, the highest 
DNA damage was observed at 6th day and the 
increase was found to be statistically significant 

(p<0.05) compared to other exposure days. The 
damage showed a statistically significant decrease 
from day 6 to day 10. 

 
 

DISCUSSION 

Currently, contamination of aquatic ecosystem 
by pharmaceutical compounds is the major 
environmental concern. Amoxicillin is considered as 
one of the primary contaminant for aquatic 
environment due to its pharmaceutical properties and 
it has the high risk for aquatic organisms [17, 18]. 
Various toxic effects of amoxicillin have been 
investigated on aquatic species previously. 
Amoxicillin (400 mg/kg) caused no abnormality of 
appetite, movement, external and internal views also 
haematological parameters excepting increased 
erythrophagocytosis of splenic macrophages in 
young yellowtail [19]. Otherwise, El- Nahhal and 
Dahdouh [20] investigated the single and mixture 
toxicities of amoxicillin, erythromycin and  
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FIGURE 1 
Comet images in fish erythrocytes. 

(A) Control cells. (B) Cells were treated with cyclophosphamide (4mg/L). (C) Cells were treated 
with 80 mg/kg bw of amoxicillin. (D) Cells were treated with 160 mg/kg bw of amoxicillin. 

(E) Cells were treated with 320 mg/kg bw of amoxicillin. 
 
 

endosulfan on Tilapia nilotica and reported that, 
amoxicillin is the most toxic antibiotic to fish with 
respect to erythromycin and endosulfan. Reports on 
the genotoxic potential of amoxicillin on aquatic 
species are extremely limited. Vitture et al. [21], 
reported that amoxicillin derivatives have genotoxic 
and cytotoxic potentials on Rutilus rubilio 
chromosomes.On the other hand, controversial 
results have been reported regarding the genotoxic 
potential of amoxicillin on mammalian species. 
Amoxicillin induced DNA strand breaks and base 
modifications via free oxygen radical production in 
healthy and Helicobacter pylori infected gastric 
mucosa cells as well as in peripheral blood 
lymphocytes at high concentration (5 mmol/L) [22]. 
Free oxygen radicals are quite reactive molecules, 
they can cause oxidative base modifications and 
DNA strand breaks via interaction with DNA. 
Oxidative DNA damage may be the consequence of 
normal cellular metabolism and generated by 
endogenous physiological compounds as well as the 
damage may be induced by exogenous chemicals 
[23]. However amoxicillin-induced DNA damage 
has been repaired completely within 60 minutes [22]. 
Similarly, amoxicillin induced DNA lesions in 
human gastric adenocarcinoma (AGS) cells via the 
induction of ROS at 5mM concentrations. The 
damage obtained at 1 hour of treatment, then steadily 
declined and reached the basal level within 4 hour 
[12]. These findings indicate that, amoxicillin does 
not directly affect DNA, however induces DNA 
damage indirectly by increasing production of free 
radicals caused oxidative stress in mammalian 
species [12]. The damage induced by amoxicillin 
repaired by DNA repair mechanisms in a short time 
in mammalian cells. Previous in vitro studies have 
suggeste -lactam antibiotics may also 

lead to DNA damage at high concentrations, again 
possibly through induction of ROS [24]. Otherwise 
it is reported that, amoxicillin most probably does 
not exert genotoxic effects in human blood 
lymphocytes in both the presence and the absence of 
a metabolic activator [25].  

It is well known that, high dosage of drugs and 
chemicals can be frequently used in fish farms to 
treat or control of disease outbreaks [26]. As a 
consequence, aquatic species are exposed to higher 
concentration of antibiotics than recommended 
doses. In this context, when investigating the 
genotoxic potential of drugs used to treat fish 
diseases, high doses of these compounds should be 
evaluated. In the present study, we assessed the 
genotoxic potential of amoxicillin on peripheral 
blood erythrocytes of Oncorhynchus mykiss at high 
concentration (320 mg/kg bw) as well as therapeutic 
interval. On the other hand, Park et al. [27] reported 
that the dose of 400 mg/kg bw is the recommended 
therapeutic dose for fish species. Our present results 
obtained from both comet assay and MN test 
demonstrated that amoxicillin has no genotoxic 
potential at 80 and 160 mg/kg bw in Oncorhnchus 
mykiss erythrocytes. Otherwise, the highest 
concentration of amoxicillin (320 mg/kg bw) 
induces micronuclei frequency and comet formation 
for all sampling time points. Amoxicillin leads to 
oxidative stress in fish species as mammals via 
inhibit intracellular antioxidant enzyme catalase, 
which protect cells against oxidative stress and 
induce glutathione-S- transferases at high 
concentration [28]. ROS and oxidative stress have 
been demonstrated to be triggers of apoptosis [29].In 
the present study, the increase of MN frequency and 
% tail DNA in cells at the highest concentration may 
probably be due to high production of ROS resulting 
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to cell apoptosis. In mammals, amoxicillin-induced 
DNA damage is completely repaired in a short time 
via repair mechanisms. However, fish cells have a 
low DNA repair activity compared to mammalian 
cells and therefore may be more susceptible to 
genotoxic agents [30]. In agreement with these 
results, in the present study, amoxicillin leads to long 
term consequences on DNA when compared to 
mammals. In the high-dose group, MN frequency 
and % tail DNA in cells started to decrease from day 
6 to day 10, although the damage was not repaired 
completely. This may be the consequence of low 
repair capacity in fish species therefore inadequate 
repair of DNA damage by induced high 
concentration of amoxicillin. Furthermore, long-
term exposure studies in fish species indicated that 
micronucleus frequencies in fish erythrocytes 
gradually decreased after 15-21 days of exposure 
period [31, 32]. 

MN test and comet assay are considered to be 
one of the most useful methods to detect genotoxicity 
in cells exposed to chemicals or physical agents 
under field and laboratory conditions. Both of 
assays, originally developed with mammalian 
species then successfully adapted to fish and other 
aquatic organisms. Several studies have been carried 
out using both comet assay and MN test to assess the 
genotoxic consequences of various compounds in 
aquatic environment  [4, 15, 33]. % tail DNA is the 
most commonly used parameter for comet assay and 
it is considered more meaningful to determine DNA 
damage with respect to other parameters [34]. In the 
present study considering the obtained results from 
comet assay, the DNA damage level tended to 
increase with exposure time from day 3 to day 6 and 
the increase was found statistically significant in the 
highest concentration group. However, there was no 
significant difference in the number of micronuclei 
at the same sampling period. The difference can be 
explained by comet assay and MN test reflects 
different types of DNA damage and specific 
considerations need to be taken into account when 
assessing the performances of these two tests [33]. 
For instance, comet assay can detect directly DNA 
strand breaks that induced early after exposure to 
genotoxins. Otherwise, micronuclei are the result of 
chromosome breaks or mitotic anomalies that 
require necessarily a passage through mitosis to be 
recognisable [35]. Also it is known that, the mitotic 
activity of fish erythrocytes is quite low [36]. This 
may be the reason for the difference between our 
results obtained from comet assay and MN test.  

 
 

CONCLUSIONS 

The present results suggest that amoxicillin has 
not genotoxic potential at therapeutic doses, however 
induces DNA damage at high concentrations in 
Oncorhynchus mykiss erythrocytes compared with 

negative control. According to the results of previous 
studies on the genotoxicity of amoxicillin and DNA 
repair studies in fish, the formation of comet and MN 
at high concentrations may be the reason of ROS 
production and deficient DNA repair activity. The 
study confirmed that the MN test and comet assay 
are useful methods for determining genotoxic 
substances in aquatic environment. Further, long-
term exposure studies should be performed to assess 
the DNA repair capacity in fish species. 
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ABSTRACT 

 
Aspidiotus nerii Bouché (Hemiptera: 

Diaspididae) is an excellent host for rearing biological 
control agents for the control of scale insects. In this 
study, we investigated the maternal effect on the 
reproduction and development of A. nerii crawlers 
transferred to separate clean potato tubers at the 1st, 
15th and 30th days. After the crawlers settled, each 
potato was divided into 4 cm2 cells surface area 

stickem special
escape. When all crawlers in the cell became adults, 
one female and all the males were left in the cells, and 
the rest of the females were removed. Experiments 
were done at 25°C, 16:8 hours and 65% relative 
humidity in a climate chamber. Cells were observed 
daily and crawlers were removed after counting. 
Variance analysis and Tukey multiple range tests 
were applied for statistical analysis. Life table 
parameters were also calculated. Intrinsic rate of 
increase (rm), net reproductive rate (Ro), and mean 
generation time (To) were 0.073, 0.072 and 0.034 
females/female/day, 83.42, 27.95 and 5.47 
females/female, 60.56, 46.11 and 49.56 days, 
respectively. The total crawler numbers were the 1st, 
15th and 30th days age females were 208.57, 81.32 and 
20.07 crawlers, respectively. These results clearly 
show that age does have a significant effect on crawler 
of females A. nerii. 
 
 
KEYWORDS: 
Aspidiotus nerii, age dependent life table, maternal age 

effect, potato 

 
 
INTRODUCTION 

 
As it is well known that most of the characters of 

the offspring in all living organisms were determined 

by the parents. Morphological and biological 
differences of offspring are realized environmentally 
and genetically conditions which have effect on 
maternal effects [1,2,3,4,5,6]. In researches, it was 
determined that offspring from older mother has 
longer life spans, higher death rate and lower 
reproductive performance according to offspring from 
young mother [1,7,8,9,10,11,12,13]. This subject is 
also very important for natural enemies are used in 
biological control studies [14,15,16]. The declining 
parasitoid fecundity as an age of mother may be due to 
the decreasing related to age, number of eggs laid and 
parasitization ability of females [17,18]. Female age 
dependent fecundity of A. nerii one of the best prey for 
the production of biological control agents of scale 
insects [19], was investigated in this study. 
 
 
MATERIALS AND METHODS 

 
Biparantel Aspidiotus nerii population grown on 

potato tubers in the insectarium of Plant Protection 
Department, Süleyman Demirel University, was used 
in this study. The potato tubers, containing A. nerii 
individuals in the same age, were placed on the top of 
the new clean potatoes when A. nerii individuals 
started to give new generations and kept 24 hours for 
the new generations passing to the clean potatoes. In 
this way, the 1st day crawlers of A. nerii were obtained. 
Fifteen days later, same method was used to transfer 
new generations from the potato tubers to the clean 
potatoes. Consequently, the 15th day crawlers of same 
aged A. nerii were obtained. The thirtieth day, again 
clean new potatoes were contacted to the potato tubers 
containing same aged A. nerii and kept for 24 hours to 
obtain the 30th day crawlers. Eventually, three 
different populations were constituted from same aged 
A. nerii giving birth at the 1st day, 15th day, and 30th 
day.  
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After the crawlers settled, each potato was 
divided into 4 cm2 cells surface area surrounded by 
stickem special

crawlers in the cell became adults, one female and all 
the males were left in the cell and the rest of the 
females were removed. All males were removed after 
all of them become adult and mate with breeding 
female. Thus only one female left in each cells. Daily 
observations were made for each cell and crawlers 
were removed after counting. Experiments were done 
at 25°C, 16:8 hours and 65% relative humidity in a 
climate chamber (model KB 8400 F, Termax). 
Variance analysis and Tukey multiple range tests 
were applied for statistical analysis [20]. Analysis 
were done by using CurveExpert pro (ver.1.6.7), 
SPSS, (ver.20.3), MS Excel (2010) softwares. Life 
table parameters were also calculated by using 
RmStat-3.2 [21]. These parameters; 
 

 Age-specific survivor rate ( ) and fecundity rate 

( ), [22], 

 Net reproductive rate, [22], 

 Intrinsic rate of increase ( ), 

[22], 
 Mean generation time (day),  [22], 

 Gross reproduction rate, [22], 

 Finite rate of increase, [22], 

 Doubling time (day),  [23], 

 Reproductive value, [24], 

 Life expectancy,  [25,26], 

 Stable age distribution, [22], 

 Age-dependent reproduction was calculated with 
the equation of Enkegaard [27,28]. 

 [27,28], 
Where; F(x), daily age specific fecundity rate 

(egg/female/day); x, female adult age (day), a and b 
empirical constant. In the equation, first day is the 

 first day as adult. The model was fitted to the 
data by nonlinear square technique; JMP (version 
5.0.1), MS Excel 2010 and SPSS, (ver. 20.3) 
softwares. 

 
 

RESULTS AND DISCUSSION 

 
Effect of mother age on growth and reproduction 

of Aspidiotus nerii was determined and life table 
parameters were given in Table 1. Total development 
periods of crawlers in the 1st, 15th and 30th days age 
females were observed 47.00, 37.00 and 45.00 days, 
oviposition periods 29.93, 22.14 and 7.87 days, 
respectively (P<0.05). Preoviposition period, life span 
and total life time decreased depending on age of 
mother. Omkar and Mishra [29] determined as 0- and 
10-day-old females of Propylea dissecta (Mulsant) 
(Coleoptera: Coccinellidae) preoviposition period 
were found statistically different. Priest et al., [30] 
reported that Drosophila melanogaster Meigen 
(Diptera: Drosophilidae) offspring from older mother 
shorter life than did offspring from young mother.

 
 

TABLE 1 
Development and fecundity of in the 1st, 15th and 30 th days age females of Aspidiotus nerii (*) 

 
 n 1st Age n 15th Age n 30th Age 

Total development time 28 47.00±0.00 22 37.00±0.00 30 45.00±0.00 

Preoviposition 28 1.00±0.00 22 0.73±0.12 30 0.00±0.00 
Oviposition 28 29.93±0.73 a 22 22.14±1.71 b 30 7.87±0.98 c 
Postoviposition 28 1.00±0.00 22 0.55±0.21 30 1.27±0.19 
Generation time 28 49.00±0.00 22 38.73±0.12 30 46.00±0.00 
Life span 28 31.93±0.70 22 23.41±1.76 30 8.70±0.74 
Total life time 35 69.14±3.40 32 44.66±4.46 55 40.96±2.88 
Daily number of crawlers 28 6.50±0.15 22 3.64±0.36 30 1.70±0.21 
Total number of crawlers 28 208.57±7.84 a 22 81.32±8.19 b 30 20.07±2.45 c 

*Means within a same row followed by the same letter do not differ significantly in Tukey test (P<0.05).
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TABLE 2 
Life table parameters of in the 1st, 15th and 30 th days age females of Aspidiotus nerii (*) 

 
Life Table parameters 1stAge 15th Age 30th Age 
Intrinsic rate of increase, rm* 0.073 a 0.072 a 0.034 b 
Net reproduction rate, Ro 83.42 27.95 5.47 
Mean generation time, To 60.56 46.11 49.56 
Gross reproductive rate, GRR 110.39 51.28 12.84 
Doubling time, T2 9.48 9.59 20.21 
Finite rate of increase,  1.08 1.07 1.03 
n  35 32 55 

*Means within a same row followed by the same letter do not differ significantly in Tukey test (P<0.05). 
 
 

It was recorded that generation times were 49.00, 
38.73 and 46.00 days, crawlers number laid daily were 
6.50, 3.64 and 1.70 crawlers and total crawlers number 
were 208.57, 81.32 and 20.07 crawlers, respectively. 
Yuztas et al., [13] determined in a study investigated 
the survival rate of bean aphid, Aphis fabae 
(Hemiptera: Aphididae) four different populations 
generated at the 1st, 6th, 11th and 16th days old mother, 
the highest nymph number was recorded 19.59 nymph 
in 6 day-old-mother, while in other groups as 7.25-
14.14 nymph. Gunduz and Gulel [11] found that the 
mean numbers of total progeny per female Bracon 
hebetor (Hymenoptera: Braconidae) changed with the 
females age, between 1 day old and 5 day old females 
were not statistically significant; however, in the 10 
day old females offspring production significantly 
decreased. 

According to the life table, intrinsic rate of 
increase (rm) of in the 1st and 15th day age females were 
statistically in the same group while in the 30th day age 
females were in the different group (P<0.05). The 
mean generation time (T0), calculated from the time 
during which crawlers were constituted 24.50% (60.56 
days), 26.55% (46.11 days) and 27.07% (49.56 days), 
respectively. At the end of the oviposition period, in 
the 1st, 15th and 30th day age females, gross 
reproductive rate (GRR) were 110.39, 51.28 and 12.84 
females/female, net reproductive rate (R0) were 83.42, 
27.95 and 5.47 females/female, respectively (Table 2).  

Nymphal mortalities were 0.20, 0.28 and 0.27 in 
the 1st, 15th and 30th day age females, respectively. 

 [13] identified that death rate increased 
depend on age of mother in survival rate of bean aphid, 
A. fabae four different populations generated by 1, 6, 
11 and 16 days old mother. Fox et al., [9] reported that 
offspring from older parents often had shorter adult 
lifespan than offspring of younger parents in the seed 

beetle, Callosobruchus maculatus 
(Coleoptera:Chrysomelidae).  

At the beginning of oviposition period, the 
reproductive rate (mx) in the 1st, 15th and 30th days age 
females increased and at the 11th days (5.29 crawlers), 
at the 9th days (2.86 crawlers) and at the 2th days (1.30 
crawlers) with reached maximum value, respectively. 
The oviposition period ended at the 36th, 37 th day and 
18th day in the 1st ,15th and 30th days age females, 
respectively (Figure 1).  

 
 

 
FIGURE 1 

Effect of female age on fecundity (mx) of A. nerii 
in the 1st day age females (Parameters: 

a=1.391±0.058, b=0.106±0.002, R2=0.934), in the 
15th day age females (a=0.192±0.128, 

b=0.155±0.009, R2=0.712) and in the 30th day age 
females (a=0.798±0.186, b=0.261±0.035, 

R2=0.313). 
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The numbers of crawlers increased on the first 
days of the oviposition period and decreased regularly. 
Crawlers of young patterns were reflected in an 
increase in the daily number of crawlers laid per 
female. Another important indicator was to high 
numbers of crawlers produced by their first days of 
young females. Also oviposition period of females of 
young parents took longer than occurs in the elderly 
parents. This relation was determined with the 
Enkegaard equation and calculated parameters. 
Parameters were attained; in the 1st day age females 
a=1.391±0.058, b=0.106±0.002, R2=0.934, in the 15th 
day age females a=0.192±0.128, b=0.155±0.009, 
R2=0.712 and in the 30th day age females 
a=0.798±0.186, b=0.261±0.035, R2=0.313. 

Female longevity was shorter in the 30th day age 
individuals. Daily fecundity was affected by maternal 
age. The fecundity was the highest for A. nerii reared 
from 1st day age females. They reproduce at the same 
time but decrease in daily fecundity as maternal age 
increases was observed. Similarly, reproductive value 
(Vx) reached the highest level in the 1st day age females 
at 52th day, in the 15th day age females at 39th day and 
in the 30th day age females at 46th day, respectively. 
This value decreased quickly in following days with 
increasing death rate (Figure 2). 

 
 

 
FIGURE 2 

Fecundity (mx), Net reproductive rate (R0) 
and Reproductive value (Vx) of in the 1st, 15th 
and 30 th days age females of Aspidiotus nerii. 

Life expectancy (Ex) in the beginning of nymph 
stage in the 1st, 15th and 30th days age females were 
calculated as 68.64, 44.16 and 40.46 days, but survival 
days 85, 75 and 64 days, respectively. Stable age 
distribution (Cx) reached to 0.1 value in the 1st day age 
females at 63th day, in the 15th and in the 30th day age 
females at 43th day. It was reached to value of 1 depend 
on survival rate (lx) at the 85th, 75th and 64th days 
respectively (Figure 3). 

 
 

 
FIGURE 3 

Survival rate (lx), Stable age distribution (Cx) 
and Life expectancy (Ex)  

of in the 1st, 15th and 30 th days age females of 
Aspidiotus nerii. 

 
 
CONCLUSIONS 

 
The use of biological control agents has been 

increasing worldwide for the control of insect pests. 
However, quality control is required for the production 
and use of these natural enemies. In our study, we 
showed importance of using crawler of young females 
to produce the organisms used in biological control 
agents. These results clearly show that age of mother 
has a significant effect on the bioecology of crawlers. 
Reproduction was found to be dependent on adult age 
and decreased with maternal age. 
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ABSTRACT 

The adsorption of 1-naphthol from aqueous 
solution was investigated using unmodified and 
thermally modified diatomite at different 
temperature, pH, adsorbent mass and contact time. It 
can be observed that the modified diatomite improve 
the adsorption capacity rather than natural diatomite. 
The Langmuir, Freundlich and Dubinin-
Radushkevich (D-R) isotherm models were applied 
to simulate the adsorption isotherms. The result 
showed that the Langmuir adsorption model fitted 
better in the temperature range. In addition, the 
experimental data were analyzed through the pseudo 
first-order model, the pseudo second-order model 
and the intraparticle diffusion model, respectively. 
The results displayed that the adsorption of 1-NAP 
on natural and modified diatomite could be 
explained by the pseudo second-order model. The 

  
values (less than 40 kJ/mol) was positive, which 
indicated that the adsorption process is the 
endothermic process of adsorption and belongs to 
physical adsorption. G values were negative. It 
indicated that the adsorption of 1-NAP onto natural 
and modified adsorbent were feasible and 
spontaneous. 

 
 

KEYWORDS: 
1-naphthol; diatomite; kinetic; adsorption; thermos-
dynamics 

 
 

INTRODUCTION 

Contamination of surface water and 
groundwater with naphthalene compounds is one of 
the most serious environmental problems today, as 
they are potentially toxic to humans and aquatic 
life[1]. Among them, 1-naphthol (1-NAP) is of top 
priority contaminants and it is also the most 
important substructures of potentially carcinogenic 

pollutants derived from pharmaceutical, dyestuff, 
photographic, and agrochemical industries, 
particularly in developing countries such as China[2]. 
However, the removal of 1-NAP cannot be 
accomplished in the natural environment or 
biological treatment plants [2-5]. 1-NAP has been 
detected in different types in water bodies and even 
in certain solid matrices. Therefore, the efficient 
elimination of 1-NAP has increasingly become a 
significant environmental issue. 

Up to now, many methods have been widely 
used to remove naphthalene compounds, such as 
membrane technology [6, 7], biological degradation 
[8], ozonation [9, 10], photocatalytic degradation 
[11-15], coagulation [16] and ion exchange [17, 18]. 
Most of these methods suffer from disadvantages 
such as poor treatment efficiency, inconvenience of 
foster microbe, expensive analysis settings, labor-
intensive sample preparation or generation of 
secondary pollutants, which limit their application 
and need further improvement [19, 20]. However, 
adsorption technique has been found to be an 
effective and attractive process for the treatment of 
these wastewaters because of the advantages of low 
operation temperature, short analysis time and high 
efficiency in the preconcentration of several 
pollutants [21, 22]. 

Various adsorbents have received much 
attention for naphthalene compounds removal. For 
instance, adsorbents for 1-NAP on sulfonated 
graphene nanosheets were produced by Zhao et al 
[23]. Zhang et al. have studied the removal of 1-NAP 
by a hydrophilic hyper-cross-linked polymer resin 
[24]. Wei et al. have studied the adsorption of 
naphthalene from aqueous solution on coal-based 
activated carbon modified by microwave induction 
[25]. The use of low cost materials as alternative and 
potential sorbents for the removal of the pollutant has 
been highlighted recently. To the best of our 
knowledge, there is little study regarding the 
adsorption of 1-NAP using diatomite in previous 
literatures. 

Diatomite (SiO2 2O), a sedimentary rock 
formed from accumulation of siliceous crusts of 



© by PSP  Volume 25  No. 12/2016, pages 5371-5380    Fresenius Environmental Bulletin 

5372 

diatomite, possesses unique physical-chemical 
properties [26-28]. It is applied as filtration media for 
various beverages, inorganic and organic chemicals 
in many industrial areas, since it has outstanding 
porous structure, low density, high surface area, 
chemical inertness and being sterile [29, 30]. 
Diatomite is one of low-cost and commercially 
available absorbents for the adsorption of different 
heavy metal ions from water and wastewaters in 
recent report [31, 32].  

This work investigated the feasibility of 1-NAP 
adsorption by thermal modification of raw diatomite. 
Surface properties of diatomite before and after 
modification were characterized by means of 
scanning electron micrograph (SEM), Fourier-
transform infrared (FT-IR) spectra, XRD and BET. A 
number of experimental parameters are usually 
considered, including the effect of solution 
temperature, pH, adsorbent mass, as well as contact 
time. The experimental data were analyzed through 
Langmuir, Freundlich and D-R adsorption models. 
The kinetic adsorption results have been analyzed 
using pseudo-first-order, pseudo-second-order 
reactions and intraparticle diffusion model. The 
adsorption mechanism was also investigated in terms 
of thermodynamics and kinetics. 

 
 

MATERIALS AND METHODS 

Materials. 1-NAP, analytical purity, obtained 
from Sinopharm Chemical Reagent Co., Ltd 
(Shanghai, China) (purity >99.5%). The relevant 
information of physical and chemical properties of 
1-NAP were shown in Table 1. Sodium hydroxide 
(NaOH), sulfanilic acid, sodium nitrite (NaNO2), , 
ethanol, sulfuric acid were obtained from Sinopharm 
Chemical Reagent Co., Ltd. (Shanghai, China). All 
chemicals in this work were analytically pure and 
used without further purification. 

The natural diatomite used in this study was 
taken from Venture Chemical Co., Ltd. (Jiangsu. 
China). Before use, the diatomite sample was 
powdered by pounding in a porcelain mortar and 
washed several times by distilled water and then 
dried overnight in an oven at 100 °C. For making 
thermally modified diatomite, natural diatomite 
sample was heated and held at 450 °C for 2 h, and 
then it was cooled in a desiccator. It was put into 

450-
stored to use in the future. 

 
Instruments. The scanning electron 

microscope (SEM) images of natural diatomite and 
thermal modified diatomite were observed using 
JSM-7001F (Japan). Fourier-transform infrared (FT-
IR) spectra were recorded on a Nicolet NEXUS-470 
FT-IR apparatus (America) from 400 cm-1 to 4000 

cm-1, in order to investigate the surface 
characteristic of modified diatomite and adsorbed 
diatomite. The 1-NAP concentration was determined 
by a UV-visible spectrophotometer (UV-2450, 
Shimadzu, Japan). The solution pH was controlled 
by a precision pH/mV meter (PHB-9901, Shanghai, 
China). Batch adsorption experiments were 
performed by a constant temperature oscillator 
(THZ-C, Taicang, China). All chemicals and 
materials were weighed by electronic analytical 
balance (MS205DU, Shanghai, China). The 
supernatant was separated from the mixed solution 
using the centrifuge (TDL-5-A, Shanghai, China) in 
the Adsorption experimental procedure. 

 
TABLE 1 

Chemical and physical characteristic of 1-NAP 

Parameters Value 

CAS number 90-15-3 

Molecular weight 

(g/mol) 

144 

Molecular formula C10H8O 

Chemical structure OH

 

 

Adsorption experiments. The adsorption 
capability of natural diatomite and modified 
diatomite towards 1-NAP was investigated as a 
function of contact time, pH, temperature and the 
dosage of diatomite. In the work, all the adsorption 
experiments were performed by the batch technique 
using simulated water samples (10mg/L) for the 
adsorption studies. The adsorption characteristics 
were examined by mixing 0.1g, 0.2g, 0.3g, 0.4g, 0.5g 
and 0.6g of natural diatomite sample and modified 
sample with 100mL simulated water samples, 
respectively. pH = 1, 3, 5, 7, 9 and 11 of the solution 
was adjusted by using 0.1mol/L HCl or NaOH 
without adding any buffer. The resulting mixtures 
were shaken in a constant thermostatic oscillator at 
150rpm at different temperatures of 15 , 25 , 
35 , 45  until equilibrium condition had been 
attained. After a time period of mixing, the 
supernatant were centrifuged at 1000rpm for 10 min 
and then collected and analyzed by UV-vis 
spectrophotometer to determine the concentration of 
1-NAP.  

 
Adsorption equilibrium isotherm. Various 

models of adsorption equilibrium have been reported 
in the literatures to describe the adsorption 
process[33-35]. Each model has its limitation and is 
derived according to certain conditions. Langmuir, 
Freundlich and D-R isotherm models were applied to 
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describe the isotherm models, which were used to 
express the surface properties and affinity of the 
adsorbent. 

A basic assumption of the Langmuir theory is 
monolayer sorption onto surface containing a finite 
number of identical sorption sites. The model can be 
written in a linear form by the literatures. [36, 37]: 
1 1 1 1

e L m e mq K Q C Q
    (1) 

where qe is the concentration of 1-NAP on 
sorbent at equilibrium (mg/g), Ce is the concentration 
of 1-NAP in the solution at equilibrium (mg/L), KL is 
the Langmuir adsorption constant (L/mg) and Qm 
(mg/g) is the theoretical maximum adsorption 
capacity(mg/g). 

The Freundlich isotherm assumes a 
heterogeneous adsorption surface and active sites 
with different energy [38]. Its equation is given as 
follows: 

1
log log loge eq K C

n
= +  (2) 

where the constant K (mg/g) is an approximate 
indicator of adsorption capacity and n is the 
empirical parameter related to the intensity of 
adsorption. 

The equilibrium data were also applied to the 
D-R isotherm model to determine the nature of 
adsorption process. The D-R equation is [39]: 

2ln lne m Fq V K e= -   (3) 

where Vm is D-R adsorption capacity (mg/g), 
the constant KF related to adsorption energy (mol2 
/kJ2), is Polanyi potential(kJ/mol), which is 
calculated as following: 

1
ln(1 )RT

Ce
e = +   (4) 

where R is gas constant (kJ /K mol) and T is 
temperature (K). 

 
Kinetic equation. In order to explore reaction 

mechanism and pathways between the adsorbate and 
the adsorbent, the kinetic batch experimental data 
were analyzed using pseudo first-order 
model,pseudo second-order model and intraparticle 
diffusion model[40, 41], respectively. 

The pseudo-first kinetic order equation is: 

  1l n ( ) l ne t eq q q k- = -   (5) 

where qe and qt (mg g 1) are the adsorption 
capacity at equilibrium and at time t, respectively. k1 
(min 1) is the rate constant of the pseudo-first order 
model. 

The pseudo second-order adsorption equation 
is expressed as follows: 

2
2

1

t e e

t t

q k q q
= +   (6) 

where k2 is the second-order rate constant
g/mg/min  

The intraparticle diffusion model is expressed 
as following: 

t idq k t C= +     (7) 

where kid is the intraparticle diffusion rate 
constant (mg/g h1/2).C is the intercept (mg/g). 

 
Thermodynamic parameters. The 

thermodynamic parameters such as G
energy ( ),enthalpy ( ) and entropy changes( ), 
for 1-NAP adsorption on raw diatomite and modified 
diatomite can be calculated from the temperature 
dependence of adsorption as follows[33]: 

0 e
D

e

C C V
K

C m

-
     (8) 

ln DG RT KD = - R       (9) 

ln D

S H
K

R RT

D D
= -

HHH
    (10) 

R is the universal gas constant (8.314 J mol-1 K-

1). KD is the thermodynamic equilibrium constant. T 
is the absolute temperature in Kelvin (K). C0 is the 
initial concentration (mg/L). Ce is the equilibration 
concentration after centrifugation (mg/L) .V is the 
volume (mL) and m is the mass of diatomite (g). 

 
Regenerability. Regenerability was an 

important factor for an effective absorbent. The 
diatomite simples, which were pre-adsorbed with 
100 mL of solution containing 10 mg/L 1-NAP for 
330 min at 25 °C, were washed with ethanol and 
stirred by magnetic stirring until no 1-NAP can be 
detected. Afterwards, the powder was dried 
overnight at 50 °C and reused for the next adsorption 
run. 

 
 

RESULTS AND DISCUSSION 

Characterization of Diatomite. The 
morphological structures of diatomaceous earth and 
modified diatomite are investigated by SEM. As 
shown in Fig. 1a and b, diatomite frustules are 
mainly divided into two main categories: centric 
(discoid) and pinnate (elongated). Compared with 
raw diatomite, thermally modified diatomite are 
shortened, and the particles are relatively more 
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evenly distributed. Moreover, it can be seen that 
modified diatomite has reduced particle sizes and 
decreased the agglomeration of diatomite, indicating 
that the calcination process increases the specific 
surface area of diatomite. 

 

 

FIGURE 1 
 SEM of the (a) raw diatomite and (b) 450-

 
 
X-ray diffraction (XRD) analysis exhibits the 

lattice information, such as phase composition, 
purity and crystallinity. The XRD patterns for natural 
diatomite and 450-diatomite are illustrated in Fig. 2 
(a). No other phases are found in 450-diatomite, 
suggesting that there is no appreciable chemical 
reaction occurs at thermally modification. The FT-IR 
spectra of natural diatomite together with 450-
diatomite are given in Fig. 2 (b). Compared the 
spectra of natural diatomite and 450-diatomite, there 
are no new functional groups produced. From the 
spectrum, peaks at 1106 and 812 cm-1 is caused by 
Si-O-Si asymmetry stretching vibration and the Si-
O-Si symmetric stretching vibration peak, 
respectively [42, 43]. The peak at 478 cm-1 is 
associated with the Si-O-Si bending vibration peak. 
Moreover, the stretching vibration and the bending 
vibration of OH functional group are found at the 
wave number of 3449 and 1657 cm-1, respectively. 
The pore size distributions of adsorbents are shown 
in Fig. 2 (c). It can be seen that the peak position of 
450-diatomite shifted slightly toward the smaller 
pore diameter in comparison with natural dolomite 
that indicates the pore size of 450-diatomite is 
smaller than that of natural diatomite. Although, the 
pore volume of 450-diatomite is larger than that of 
natural diatomite. 

 
Effect of diatomite dosage, contact time and 

pH. The dosage of diatomite is an important 
parameter governing adsorption on different 
adsorbents. As shown in Fig. 3 (a), with the diatomite 
dosage increased from 0.1 to 0.5g, the adsorption 
capacity increases from 0.28 to 1.48 mg/g. As the 
dosage approached to a certain value (0.5g), the 
adsorption capacity decreases slightly. 

 
FIGURE 2 

(a) XRD patterns for natural diatomite and 450-
diatomite; (b) FT-IR patterns for natural 

diatomite and 450-diatomite; (c) BET patterns 
for natural diatomite and 450-diatomite. 
 

Therefore, the dosage of 0.5g diatomite is selected as 
optimum dosage for further experiments. The 
increasing process is ascribed to more active 
adsorption sites on the diatomite surface with 
increasing the dosage of the adsorbent [23]. The 
decreasing process could be due to aggregation of the 
adsorbent particles. In addition, it can be observed 
that the modified diatomite dramatically improve the 
adsorption capacity. 

 

 
FIGURE 3 

(a) Diatomite adsorption 1-naphthol diatomite 
consumption versus adsorption capacity; (b) 
Diatomite adsorption 1-naphthol time versus 

adsorption capacity; (c) Diatomite adsorption 1-
naphthol pH versus adsorption capacity 
 
In order to ensure the sufficient adsorption 

equilibrium time, 0-400min are chosen as 
measurements. The effect of the contact time on the 
adsorption of 1-NAP onto the natural and thermally 
treated diatomite is illustrated in Fig. 3 (b). Initial 
adsorption of 1-NAP is rapid on both modified and 
unmodified diatomite, which is due to two reasons. 
On the one hand, at the initial stage, the amount of 
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adsorption sites are more, the 1-NAP could interact 
easily with diatomite. On the other hand, the 
concentration gradient between the bulk solution and 
the solid-liquid interface is higher in the initial period, 
so a higher adsorption rate is obtained. Besides, 
adsorption rate becomes slow and stagnate after 
contact time of 330min, which is due to less 
adsorption sites and slower diffusion. Thus, the 
contact time of 330min is the optimum contact time 
and used in the subsequent experiments. In addition, 
compared to the adsorption capability of natural 
diatomite towards 1-NAP, the adsorption capability 
of thermally treated diatomite significantly enhanced, 
indicating that the adsorption sites on modified 
diatomite could increase through thermal 
modification. 

pH value is also an important parameter in the 
adsorption process, as it directly affects the surface 
charge of diatomite, the species of 1-NAP and the 
degree of ionization in solution. Hence, the effect of 
pH on the adsorption of 1-NAP on diatomite is 
studied at pH 1-13, 1-NAP initial concentration 
10mg/L, adsorbent concentration 5 g/L, and 
temperature 45 . As shown in Fig. 3 (c), the 
adsorption capacity of diatomite shows a dramatic 
increase at pH value less than 3.0 and then decreased 
at 3<pH<7. When pH values increased from 7.0 to 
13.0, the adsorption capacity of natural diatomite and 
modified diatomite increased gradually and then 
with small fluctuations to keep a stable value. The 
phenomenon can be explained that with the increase 
of pH, the concentration of hydroxide ion increased. 
Hydrogen bond may be formed by chemical reaction 
of hydroxide ion and hydroxyl group of 1-NAP, but 
the force of hydrogen bond is relatively weak. 1-
Naphthol is an acid with a pKa of 9.34, therefore it 
would mainly exist as molecule form in an acidic 
solution and naphthalen-1-olate anion in an alkaline 
solution. At low pH, hydroxyl groups on the surface 
of diatomite gained proton and the diatomite surface 
had a positive charge. In addition, at higher pH 
values, the concentration of hydroxide ion increased. 
Hydrogen bond may be formed by chemical reaction 
of hydroxide ion and hydroxyl group of 1-NAP. But 
the force of hydrogen bond is relatively weak. 
Therefore, the best pH value of the system to remove 
1-NAP from the solution using diatomite is 3. 

 
Adsorption isotherms. Adsorption isotherms 

are essential to reveal the surface properties and 
affinity of the adsorbent so as to explore the reaction 
pathways and mechanism of the reaction. In this 
study, the Langmuir, Freundlich and D-R models are 
applied to fit the experimental data. 

The Langmuir plots of 1/qe versus 1/Ce have 
been given in Fig. 4 (a). The Freundlich plots 
supplied the graphic of Ce versus log qe have been 
given in Fig. 4 (b). And the lines supplied from the 

graphics of 2105 versus In qe have been given in Fig. 
4 (c). 

 
 

 
FIGURE 4 

Diatomite adsorption 1-naphthol of Langmuir 
isotherm plots; (b) Diatomite adsorption 1-
naphthol of Freundlich isotherm plots; (c) 
Diatomite adsorption 1-naphthol of D-R 

isotherm plots. 
 
From Fig. 4, when Langmuir, Freundlich, D-R 

mode are used to described the adsorption of 1-NAP 
onto modified and unmodified diatomite, the linear 
plot with correlation coefficients R2 = 0.98466, 
0.99771; 0.9408, 0.98738; 0.9583, 0.91902 are 
obtained. It is observed that data from both 
adsorbents fitted well to the Langmuir isotherm. 
Moreover, Fig. 4 (b) indicates the linear Freundlich 
isotherm plot and the standard error of parameter 
determination. In the event of n<1, it shows that 
marginal adsorption energy decreases with 
increasing surface concentration. In case of n=1, it 
indicates linear adsorption and equal adsorption 
energies for all sites. As for n>1, it shows the 
favorable nature of adsorption and good adsorption. 
As seen from Fig. 4 (b), while n value is 1.199 on 
raw diatomite, the value of n is calculated 1.718 on 
thermal modified diatomite. The result suggested 
that 1-NAP is favorably adsorbed by diatomite.  

 
Kenetics of adsorption. The pseudo-first 

kinetic order plots of ln(qe-qt) versus t have been 
given in Fig. 5. The pseudo-second order plots of t/qt 

versus t have been given in Fig. 6. The intraparticle 
diffusion model plots of qt versus t0.5 have been given 
in Fig. 7. The parameters belonging to the all kinetic 
adsorption order plots of 1-NAP for original and 
modified diatomite are given in Table 2. 

Fig. 5 shows that the pseudo-
adsorption kinetics plots are not linear over the 
whole time range. Fig. 7 shows that the intraparticle 
diffusion adsorption kinetics plots are also not linear 
over the whole time range For both adsorbents, the 
values of correlation coefficients are found to be 
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0.807~0.944. It indicated that the pseudo-first-order 
model did not fitted the experimental date very well. 
As Table 1, the values of qe calculated from the 
pseudo-second-order model matched experimental 
results. The R2 values had been determined between 
0.954 and 0.996 intervals. It is observed that the 
adsorption of 1-NAP on raw and modified diatomite 
could be explained by the pseudo second-order 
model better. 

 
Thermodynamic parameters. The plots of 

InKD against 1/T are shown in Fig. 8. The R2 values 
are found to be 0.99483 and 0.9913, respectively. It 
is evident from R2 value that the data are well fitted. 
Then, the thermodynamic parameters are shown in 
Table 3. H and S can be calculated from the 
slope and intercept from the plot. 

The values of H for raw and modified 
diatomite are determined as 25.70 and 37.04 kJ/mol, 
respectively. H values is positive, which belonged 
to the endothermic process of adsorption. H 
values is less than 40 kJ/mol which showed that the 
adsorption process is of a physical adsorption. 

S values, for modified and unmodified 
diatomite are 170 and 124 J/k/mol, respectively. The 
values have positive sign. It is realized that, some 
structural changes had happened in the adsorbate and 
adsorbents during the adsorption process. It also 
indicates the increasing randomness at the solid-
liquid interface during the adsorption of 1-NAP on 
the adsorbents. 

G values are negative, which indicated that 
the adsorption of 1-NAP onto natural and modified 
adsorbent are feasible and spontaneous. In addition, 
the decrease in G with increasing temperature 
showed that better adsorption is obtained at higher 

temperature. 
 
Regenerability. The regeneration ability of 

thermally modified diatomite was studied by 1-
naphthol adsorption-desorption cycles. The result of 
the cycling experiments was depicted in Figure 9. 

 

FIGURE 5 
(a) Different temperatures of natural diatomite 

adsorption 1-naphthol of pseudo-
adsorption kinetics plots; (b) Different 

temperatures of 450-diatomite adsorption 1-
naphthol of pseudo-

kinetics plots. 
 

 
FIGURE 6 

(a) Different temperatures of natural diatomite 
adsorption 1-naphthol of pseudo-second order 

adsorption kinetics plots; (b) Different 
temperatures of 450-diatomite adsorption 1-
naphthol of pseudo-second order adsorption 

kinetics plots 

 
TABLE 2 

Different temperatures of diatomite adsorption 1-naphthol of intraparticle diffusion , pseudo- -
second order kinetics parameters 

 

 
 
 

Adsorbe

nt 
T/  

qe,experi

mental 

(mg/g) 

pseudo- -order constants pseudo-second-order constants 
intraparticle 

diffusion constants 

k1/(min-1) 

 

qe,  

calculated/

(mg/g) 

R2 
k2/ 

(g/mg/min) 

qe,  

calculated/

(mg/g) 

R2 kid R2 

Natural  

diatomit

e 

15 0.49 2.11×10-2 0.75 0.857 5.90×10-2 0.57 0.954 2.30×10-2 0.960 

25 0.53 2.10×10-2 0.61 0.858 3.32×10-2 0.57 0.984 2.91×10-2 0.975 

35 0.83 2.00×10-2 0.75 0.944 4.70×10-2 0.89 0.994 3.20×10-2 0.947 

45 1.24 1.21×10-2 0.95 0.940 2.15×10-2 1.34 0.978 4.72×10-2 0.981 

Modified 

diatomit

e 

15 0.85 2.01×10-2 0.58 0.807 4.97×10-2 0.91 0.996 3.20×10-2 0.807 

25 1.12 1.79×10-2 1.39 0.849 2.25×10-2 1.22 0.978 4.73×10-2 0.917 

35 1.27 1.70×10-2 1.28 0.845 1.77×10-2 1.31 0.977 5.42×10-2 0.953 

45 1.57 1.32×10-2 1.30 0.885 1.42×10-2 1.69 0.971 6.00×10-2 0.963 
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TABLE 3 
Thermodynamic parameters of 1-naphthol adsorption by Diatomite 

 

Adsorbent H kJ/mol  S(J/k/mol) 
G(kJ/mol) 

288K 298K 308K 318K 
Natural Diatomite 25.70 124 -10.06 -11.15 -12.55 -13.75 
450-Diatomite 37.04 170 -11.97 -13.63 -15.11 -17.19 

 

FIGURE 7 
(a) Different temperatures of natural diatomite 
adsorption 1-naphthol of intraparticle diffusion 

adsorption kinetics plots; (b) Different 
temperatures of 450-diatomite adsorption 1-

naphthol of intraparticle diffusion adsorption 
kinetics plots 

 

 
FIGURE 8  

Natural diatomite and 450-diatomite adsorption 
on 1-naphthol of lnKD versus 1/T (pH=3, [1-

naphthol] = 10 mg/L, Diatomite consumption 0.5g 
and adsorption time 30 min) 

 

 

FIGURE 9 
Regeneration of 450-diatomite for three cycles. 

 

At the second recycle time, the adsorption capacity 
decreased by less than 4.93% and then showed an 
excellent capacity for regeneration. Until the third 
regeneration, the adsorption efficiency loss of 
thermally modified diatomite to 1-naphthol decreased 
by 7.14% but still remained at a high value. Therefore, 
the diatomite can be reused at least three times without 
significantly decreasing their adsorption capacities. 

 
 

CONCLUSION 

(1) The adsorption of 1-NAP on raw and thermal 
modified diatomite was endothermic and spontaneous 
processes, controlled by physical mechanisms. 

(2) The experimental datum are applied on the 
pseudo-first-order model, the pseudo-second-order 
model and the intraparticle diffusion model. It is found 
that, the adsorption of 1-NAP on natural and thermal 
modified diatomite could be explained by the pseudo-
second-order model. 

(3) For natural and thermal modified diatomite, 
the experimental data have been applied on Langmuir, 
Freundlich and D-R isotherm models. The Langmuir 
adsorption isotherm model fitted better in the 
temperature. 

(4) The sorption of 1-NAP is strongly affected by 
pH, temperature and diatomite dosage. Compared with 
natural diatomite, it can be observed that the modified 
diatomite significantly improve the adsorption 
capacity. 
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ABSTRACT 
 

Tubers for laboratory analyses were obtained 
in a field experiment conducted at the Zawady 
Experimental Farm owned by the Siedlce 
University of Natural Sciences and Humanities in 
2008-2010. The experiment was a two-factor split-
plot arrangement with three replicates. The 
following factors were examined: three cultivars: 
Cekin, Satina, Tajfun, and four weed control 
methods based on an application of herbicides or 
their mixtures: Command 480 EC 0.2 dm3·ha-1, 
Dispersive Afalon 450 SC 1.0 dm3·ha-1, Stomp 400 
SC 3.5 dm3·ha-1 and no herbicide control. The aim 
of the study was to determine the effect of cultivars 
and herbicides mixtures on edible potato tuber 
contents of magnesium and potassium. Analysis 
demonstrated that genetic characteristics of the 
cultivars significantly affected magnesium content. 
The highest amount of magnesium was 
accumulated by Tajfun, on average 1.832 g kg-1, 
and the lowest by Cekin, on average 1.601 g kg-1. 
Also, variance analysis demonstrated a significant 
effect of weed control methods on magnesium 
content in potato tubers. Results of the study 
revealed that Tajfun and Cekin had, respectively, 
the highest and lowest potassium concentrations, on 
average 20.62 and 16.41 g kg-1. The herbicides and 
their mixtures applied in the experiment were found 
to significantly affect potato tuber dry matter 
content of potassium. A combination of mechanical 
and chemical weed control contributed to a decline 
in potassium content from 0.740 to 1.270 g kg-1, on 
average. Statistical analysis demonstrated that 
edible potato tuber content of potassium was 
significantly influenced by meteorological 
conditions in the study years.  
 
 
KEYWORDS:  
herbicides, weed control methods, macroelements, potato 
 
 
 

 

INTRODUCTION 
 
Potato is one of the most important plants in 

human nutrition. Potato tubers are a splendid source 
of carbohydrates, vitamins and minerals. White et 

consumption of one average-sized potato weighing 
200g provides the body with 18 to 30% daily intake 
of potassium, 5 to 15% intake of magnesium and 
12% phosphorus. 

Many authors [3-6] have claimed that 
agrotechnological factors and environmental 
conditions affect potato tuber contents of nutrients. 
Moreover, Grzebisz [7] has claimed that 
insufficient supply of macroelements is due to the 
fact that modern high-yielding cultivars are poorer 
in minerals than old low-yielding ones. 

The aim of the study was to determine the 
effect of cultivars as well as herbicides and their 
mixtures on magnesium and potassium contents in 
edible potato tubers.  

 
 

MATERIALS AND METHODS 
 
Tubers for laboratory analysis were obtained 

from a field experiment carried out from 2008 to 
2010 at the Zawady Experimental Farm (52o03'N 
and 22o33'E) owned by the Siedlce University of 
Natural Sciences and Humanities. The experiment 
was arranged as a two-factor split-plot design with 
three replicates. The following factors were studied:  

factor 1 - three cultivars: Cekin, Satina and 
Tajfun, 

factor 2 - five weed control methods: 
1. mechanical control: pre-emergence hilling 

followed by harrowing and one post-emergence 
hilling - control, 

2. mechanic and chemical control: pre-
emergence hilling followed by harrowing and 
spraying with Command 480 EC (chlomazon) 0.2 
dm3·ha-1 about 7 days before emergence, 

3. mechanic and chemical control: pre-
emergence hilling followed by harrowing and 
spraying with a mixture of Command 480 EC 
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(chlomazon) 0.2 dm3·ha-1+ Dispersive Afalon 450 
SC (linuron) 1.0 dm3·ha-1, 

4. mechanic and chemical control: pre-
emergence hilling followed by harrowing and 
spraying with the herbicide Stomp 400 SC 
(pendimetalina) 3.5 dm3·ha-1 about 7 days before 
emergence, 

5. mechanic and chemical control: pre-
emergence hilling followed by harrowing and 
spraying with a mixture of Stomp 400 SC 
(pendimetalina) 3.5 dm3·ha-1+ Dispersive Afalon 
450 SC (linuron) 1.0 dm3·ha-1 about 7 days before 
emergence. 

The field experiment was set up on the the soil 
classified as the category - brown earth soils,  type - 
eutrophic brown soil, formed from loamy sand, 
contaning granulometric fraction with diameter 

0.02 mm from 11.86 to 14.45% [8]. It was set up 
on soil classified as quality class IVa and very good 
rye complex in respect of agricultural usefulness, 
with a pH of 4.99 to 5.91 (1 mol KCl dm-3) as 
slightly acids soil pH and acid. Selected chemical 
soil properties prior to the experiment set-up are 
presented in Table 1. The soil contained a high and 
very high concentration of phosphorus, low and 
medium concentration potassium, very low and 
medium concentration of magnesium. 

Potato was cultivated after winter cereals. The 

same organic manuring and mineral fertilisation 
were applied, that is 25 t·ha-1 FYM and 90 kg·ha-1 
N, 32.9 kg·ha-1 P and 112.1 kg·ha-1 K. Potatoes 
were harvested at the technological maturity stage, 
in early September. Magnesium potassium and 
calcium contents were determined in tuber dry 
matter after wet mineralisation of plant material 
using the Atomic Absorption Spectrophotometry 
(AAS). In contrast, the phosphorus was determined 
photometrically. 

The results of the study were statistically 
analysed by variance analysis. Significance of 
sources of variation were checked by means of F 
Fisher-Snedecor test and significance of differences 
between means was determined by Tukey test at the 
significance level of P=0.05 [9]. 

Climatic conditions during the study period 
are presented in Table 2. The highest precipitation 
was recorded during the growing season of 2010 
(459.7 mm) and the average air temperature was 
15.6oC. The lowest precipitation (354.4 mm) was 
noted in 2009 when the average temperature was 
15.1oC. The precipitation and average air 
temperature in the 2008 growing season were 371.4 
mm and 14.9oC, respectively, the temperature not 
differing much from the long-term mean. 

 

 
TABLE 1 

Chemical properties of the soil 
 

Specification Years 
2008 2009 2010 

Soil pH (1 M KCl) 
Organic matter (g kg-1) 

Content of available nutrients (mg kg-1) 
P 
K 

Mg 

4.99 
15.4 

 
90.6 

124.5 
41.0 

5.15 
17.8 

 
95.9 
74.7 
28.0 

5.91 
18.1 

 
73.5 

112.1 
45.0 

 
TABLE 2 

Characteristic of weather conditions of the period of potato vegetation (RSD Zawady) 
 

Years 
Months 

IV V VI VII VIII IX IV-IX 
Rainfalls (mm) Sum 

2008 
2009 
2010 

28.2 
8.1 

10.7 

85.6 
68.9 
93.2 

49.0 
145.2 
62.6 

69.8 
26.4 
77.0 

75.4 
80.9 

106.3 

63.4 
24.9 

109.9 

371.4 
354.4 
459.7 

Multiyear sum (1987-
2000) 

38.6 44.1 52.4 49.8 43.0 47.3 275.2 

Air temperature (oC) Mean 
2008 
2009 
2010 

9.1 
10.3 
8.9 

12.7 
12.9 
14.0 

17.4 
15.7 
17.4 

18.4 
19.4 
21.6 

18.5 
17.7 
19.8 

12.2 
14.6 
11.8 

14.7 
15.1 
15.6 

Multiyear mean (1987-
2000) 

7.8 12.5 17.2 19.2 18.5 13.1 14.7 
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RESULTS AND DISCUSSION 
 
According to Westennann [10] and Martinez-

Ballesta et al. [11] magnesium is an important 
component of potato tubers as it is a determinant 
behind basic processes of metabolism and energy 
conversion and plays a key role in preserving 
human health. Analysis of the effect of 
experimental factors on magnesium content 
demonstrated that the content was significantly 
affected by genetic characteristics of cultivars (Tab. 
2). The highest amount of magnesium was 
accumulated by Tajfun, on average 1.832 g·kg-1, 
and the lowest by Cekin, on average 1.601 g·kg-1. 
Similar results were reported by many authors [1, 
12-14] who found that potato tuber chemical 
composition is predominantly affected by the 
genotype. 

Variance analysis revealed a significant 
impact of weed control methods on magnesium 
content in potato tubers (Tab. 3). The herbicides 
and their mixtures applied in the experiment 
increased magnesium content compared with 
control, the highest content being determined in 
plots where Stomp 400 SC + Dispersive Afalon 450 
SC had been applied as a mixture at the respective 
rates of 1.0 and 3.5 dm3·ha-1 (on average 1.773 
g·kg1) and plots where Command 480 EC + 
Dispersive Afalon 450 SC had been sprayed as a 
mixture at the respective rates of 0.2 and 1.0 
dm3·ha-1 (on average 1.753 g·kg-1). Similar results 
were reported in a previous work by Gugala et al. 
[13] who found that herbicides and their mixtures 
used to control weeds in potatoes significantly 
increased magnesium content, by 2.7% on average, 
compared with control. By contrast, Borowczak and 

ncluded that a high input technology 
with full herbicide-based weed control led to a 

decline in magnesium content in edible potato 
tubers. 

Plant-derived food is characterised by a high 
potassium content [11]. According to Miles et al. 
[15], White et al. [1] and Wierzbicka and 
Trawczynski [12], potato tuber content of 
potassium is influenced by genetic characteristics of 
cultivars. Results of the present study (Tab. 4) 
showed that the highest concentration of potassium 
was determined in Tajfun (on average 20.62 g·kg-1), 
Cekin containing significantly less (16.41 g·kg-1). 
On the contrary, Wadas et al. [16], who cultivated 
early potato cultivars, found similar potassium 
contents and insignificant differences. Analysis of 
the results revealed that potassium content in potato 
tuber dry matter was significantly affected by 
herbicides and their mixtures applied in the 
experiment (Tab. 4). A combination of mechanical 
and chemical control contributed to a decline in 
potassium content ranging from 0.740 to 1.270 
g·kg-1, on average. Significantly the lowest content 
of potassium compared to control - average 17.84 
g·kg-1, found on the object 5., (mechanic and 
chemical control: pre-emergence hilling followed 
by harrowing and spraying with a mixture of Stomp 
400 SC + Dispersive Afalon 450 SC about 7 days 
before emergence) and on the 4., (mechanic and 
chemical control: pre-emergence hilling followed 
by harrowing and spraying with the herbicide 
Stomp 400 SC  about 7 days before emergence), 
average potassium content on this object was 18.00 
g·kg-1. Also Klikocka [17] observed a tendency for 
potassium content to decline in potato tubers 
following an application of herbicides. However, 
Dobozi et al. [18] reported an increase in potato 
tuber content of potassium due to an application of 
herbicides. 

 
 

TABLE 3 
Content of magnesium in the dry matter in potato tubers (g kg-1) 

 
 

Weed control methods Years Cultivars 
Mean 

2008 2009 2010 Cekin Satina Tajfun 
1. Control object 1.302 1.821 1.908 1.568 1.700 1.763 1.677 
2. Command 480 EC - 0.2 dm3·ha-1 1.320 1.874 1.911 1.583 1.732 1.790 1.702 
3. Command 480 EC 0.2 dm3·ha-1 
+ Dispersive Afalon 450 SC - 1.0 
dm3·ha-1 

1.343 1.923 1.993 1.603 1.781 1.876 1.753 

4. Stomp 400 SC - 3.5 dm3·ha-1 1.350 1.914 1.986 1.620 1.782 1.848 1.750 
5. Stomp 400 SC - 3.5 dm3·ha-1 + 
Dispersive Afalon 450 SC - 1.0 
dm3·ha-1 

1.359 1.940 2.019 1.629 1.807 1.882 1.772 

Mean 1.335 1.895 1.963 1.601 1.760 1.832 - 
LSD0.05 for: years - 0.019, cultivars - 0.019, weed control methods - 0.040; 
interaction: weed control methods x cultivars - n.s; weed control methods x years - n.s. 
n.s. - not significant 
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TABLE 4 
Content of potassium in the dry matter in potato tubers (g kg-1 ) 

 

 
Weed control methods 

Years Cultivars 
Mean 

2008 2009 2010 Cekin Satina Tajfun 
1.Control object 21.22 17.44 18.68 17.12 18,85 21.37 19.11 
2. Command 480 EC - 0.2  dm3·ha1 20.84 16.59 17.67 16.48 17.99 20.63 18.37 
3. Command 480 EC - 0.2 dm3·ha-1 

+ Dispersive Afalon  450 SC - 1.0 
dm3·ha-1 

20.70 16.24 17.60 16.43 17.58 20.53 18.18 

4. Stomp 400 SC 3,5 dm3·ha-1 20.64 15.77 17.59 16.04 17.60 20.36 18.00 
5. Stomp 400 SC - 3.5 dm3·ha-1+ 
Dispersive Afalon 450 SC - 1.0 
dm3·ha-1 

20.53 15.63 17.36 15.96 17.37 20.20 17.84 

Mean 20.80 16,34 17.78 16.41 17.87 20.62 - 
LSD0.05 for: years - 0.29, cultivars - 0.29, weed control methods - 0.40; interaction: weed control methods x 
cultivars - n.s; weed control methods x years - 0.69; 
n.s. - not significant 
 
 

Kolodziejczyk and Szmigiel [19], Szteke et al. 
[20], as well as Wierzbicka and Trawczynski [12] 
found in their studies that both magnesium and 
potassium contents were affected by weather 
conditions over individual growing seasons. 

Analysis of the impact of weather conditions 
on the concentration of magnesium in potato tubers 
demonstrated that magnesium content was the 
highest (1.963 g·kg-1) in 2010 when both the 
precipitation and average air temperature during the 
growing season were the highest (Tab. 3).  

In the present study, statistical calculations 
showed that potassium content in edible potato 
tubers was significantly affected by meteorological 
conditions in the study years (Tab. 4). The greatest 
amount of potassium was determined in tubers 
harvested in 2008 which had average precipitation 
and the lowest temperature compared with the 
remaining study years. 

The results were confirmed in the study by 
Klikocka [17]  who demonstrated that potato 
content was by 2% lower in a dryer year compared 
with a wet growing season. Unlike this author, 
Wierzbicka and Trawczynski [12] found the highest 
potassium content in a high precipitation year 
compared with the years with precipitation 
shortages. 

In the study discussed here, an interaction of 
the experimental factors was observed for 
potassium content. Study years interacted with 
weed control methods, too, which means that 
potassium accumulation in potato tubers was 
different for herbicides examined in individual 
study years. No such interactions between the 
experimental factors were found for magnesium 
content. 

The statistical analysis showed significant 
differences of the phosphorus content in potato 

tubers (Tab. 5). The greatest concentration of 
phosphorus characterised the Satina variety - on 
average 2.326 g·kg-1, while the smallest the Tajfun 
variety - on average 2.293, these results were 
confirmed in studies of Zarzecka and Gasiorowska 
[21], Wierzbicka and Trawczynski [12], who stated 
the significant impact of the variety factor on the 
phosphorus content in potato tubers. While Wadas 
et al. [22] did not report any significant impact of 
varieties on the phosphorus content in potato tubers.  

Care treatments using herbicides contributed 
to the reduction of this macro element 
concentration (on average from 0.024 to 0.064 
g·kg1) compared to potatoes collected from the 
control object (Tab. 5). These results were 
confirmed in the previous studies by Zarzecka and 

 and Zarzecka and Gugala [23], 
who have demonstrated that the herbicides used in 
the care affected the reduction of the phosphorus 
content compared to tubers of the control object. 
While Dobozi et al. [18] showed a significant 
increase of the phosphorus content in potato tubers 
after using herbicides. 

Genetic features of the cultivated varieties 
significantly determined the calcium content 
(Tab.6). Most of this component was accumulated 
by the Tajfun variety - on average 0.653 g kg-1 
while the least by the Cekin variety - on average 
0.636 g·kg-1. These results were confirmed in 
studies by Tekalign and Hammes [24], Miles et al. 
[15] and Wadas et al. [22], who stated that the 
chemical composition of potato tubers is most of all 
shaped by the genotype. 

The analysis of variance showed a significant 
impact of the care treatments on the calcium 
content in potato tubers (Tab. 6). Herbicides 
applied in the experiment and their mixtures caused 
the increase of the discussed component compared 
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to the control object. The largest calcium content 
characterised potato tubers collected in the objects, 
5., on which the herbicide mixture Stomp 400 SC + 
Afalon Dispersive 450 SC was used - on average 
0.660 g.kg-1 and 3., where Command 480 EC + 
Afalon Dispersive 450 SC was used - on average 
0.649 g.kg-1.  

Weather conditions in the study years 
diversified the phosphorus and calcium content in 
the dry mass of potato tubers (Tab. 5, 6). The 
greatest amount of phosphorus was accumulated by 
tubers in 2008 (2.646 g.kg-1), which was damp and 

cold, and significantly the least (2.145 g.kg-1) in 
2009, in which temperatures were moderate and the 
rainfall quite evenly distributed. In contrast, 
analysing the impact of meteorological conditions 
on the calcium content in potato tubers it was stated 
that the largest amount was noted in 2009, while the 
smallest in 2010 - on average 0.622 g.kg-1, which 
was characterised by high rainfall and air 
temperature. The impact of weather conditions on 
these features are confirmed by Wierzbicka and 
Trawczynski [12], Wadas et al. [22], Klikocka and 
Glowacka [6] in their studies. 

 
 

TABLE 5 
Content of phosphorus in the dry matter in potato tubers (g kg-1 ) 

 

 
Weed control methods 

Years Cultivars 
Mean 

2008 2009 2010 Cekin Satina Tajfun 
1.  Control object 2.678 2.179 2.179 2.339 2.374 2.323 2.345 
2. Command 480 EC - 0.2   
dm3·ha-1 

2.652 2.160 2.151 2.328 2.331 2.304 2.321 

3. Command 480 EC 0.2 L ha-1 + 
Dispersive Afalon  450 SC - 1.0 
dm3·ha-1 

2.644 2.150 2.145 2.319 2.326 2.294 2.313 

4. Stomp 400 SC 3,5 dm3·ha-1 2.639 2.139 2.138 2.316 2.310 2.290 2.305 
5. Stomp 400 SC  3.5 dm3·ha-1 + 
Dispersive Afalon 450 SC - 1.0 
dm3·ha-1 

2.618 2.099 2.129 2.303 2.290 2.252 2.282 

Mean 2.646 2.145 2.148 2.321 2.326 2.293 2.313 
LSD0.05 for: years - 0.022, cultivars - 0.022, weed control methods - 0.024; interaction: weed control methods x 
cultivars - n.s; weed control methods x years  n.s  
n.s. - not significant 
 
 

TABLE 6 
Content of calcium in the dry matter in potato tubers (g kg-1 ) 

 

 
Weed control methods 

Years Cultivars 
Mean 

2008 2009 2010 Cekin Satina Tajfun 
1.Control object 0.623 0.629 0.599 0.604 0.618 0.629 0.617 
2. Command 480 EC - 0.2   
dm3·ha-1 

0.644 0.651 0.617 0.623 0.634 0.654 0.637 

3. Command 480 EC 0.2 dm3·ha-1 
+ Dispersive Afalon  450 SC - 1.0 
dm3·ha-1 

0.657 0.666 0.623 0.647 0.639 0.660 0.649 

4 .Stomp 400 SC 3,5 dm3·ha-1 0.652 0.659 0.631 0.647 0.641 0.654 0.647 
5. Stomp 400 SC - 3.5 dm3·ha-1 + 
Dispersive Afalon 450 SC - 1.0 
dm3·ha-1 

0.661 0.678 0.641 0.657 0.657 0.666 0.660 

Mean 0.647 0.656 0.622 0.636 0.638 0.653 0.642 
LSD0.05 for: years - 0.012, cultivars - 0.012, weed control methods - 0.014; interaction: weed control methods x 
cultivars - n.s; weed control methods x years - n.s.;  
n.s.  not significant 
 
 



© by PSP  Volume 25  No. 12/2016, pages 5381-5387        Fresenius Environmental Bulletin  

 

 

5386

CONCLUSIONS 
 

1. Studied cultivars differed significantly in 
terms of the content of macroelements. The highest 
content of magnesium, potassium and calcium was 
characterized by a variety Tajfun, while phosphorus 
Satina. 

2. Herbicides and their mixtures applied in 
the experiment increased magnesium and calcium 
content and reduced potassium and phosphorus 
content in potato tubers compared with control 
where only mechanical control had been used. 

3. Changeable weather conditions in 
individual study years had a significant effect on 
macroelements contents in the tubers of three edible 
potato cultivars. 
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ABSTRACT 

In this study, a collection of 6666 expressed 
sequence tags (ESTs) deriving from two cDNA 
libraries (9841 and 24112) constructed under 
Fusarium infected conditions in Hordeum vulgare 
were screened to detect and characterize simple 
sequence repeat (SSR) motifs. Ninety-seven SSRs 
were identified in ESTs. Trinucleotides were the 
most frequent repeat (51%), followed by 
dinucleotides (38%) and tetranucleotides (8%), 
whereas motif size of pentanucleotides and 
hexanucleotides was only 1% and 4%, respectively, 
which is rarely found. Forty-nine SSR-containing 
EST unigenes were matched with Hordeum vulgare 
known protein with putative conserved domain via 
BLASTX. Out of 49 EST-SSRs, 33 of them were 
successfully used to design primer pairs and further 
confirmed in seven cultivated barley with 
significant differences in responses to Fusarium 
related root rot and head blight diseases. Nineteen 
of them gave amplification products. A total of 26 
alleles were generated from 19 loci. The 
polymorphic information content (PIC) ranged from 
0.28 to 0.60 and the expected heterozygosity (He) 
varied from 0.22 to 0.61. The seven cultivars were 
divided into three groups based on 19 SSR markers. 
These novel EST-SSR markers can be applied for 
genetic analysis, including marker-assisted 
selection for fusarium related diseases in barley 
breeding and genetic diversity analysis.  

 
 

KEYWORDS: 
Barley, microsatellites, EST, Fusarium 

 
 

INTRODUCTION 

The development and use of molecular 
markers for a variety of purposes, such as DNA 
functional gene tagging, map-based gene cloning, 
parental identification, genetic diversity analysis 
and molecular evolutionary studies, have gained 
momentum since the 1990s. Molecular markers 
allow the detection of sequence differences between 

individuals. There are several kinds of molecular 
markers that analyse different aspects of DNA 
sequence variation. Simple sequence repeats detect 
variation in the number of short repeat sequences. 
The variability of SSR sequences in a genome is 
based on point mutations and the number of short 
repetitive motifs owed to slippage during 
replication or unequal crossing over. Because of 
their random distribution in genomes, abundance, 
multi-allelic nature, and co-dominant inheritance, 
SSRs are the best-suited marker system for 
sequence variation analysis. A large set of SSR 
markers is publicly available for the most 
agriculturally important crops [1, 2, 3, 4, 5, 6, 7]. 

In conventionally, SSR markers are developed 
as probes consisting of di-, tri-, tetra-, penta-, and 
hexanucleotide motifs to screen numerous clones in 
genomic DNA libraries. PCR primers are designed 
to identify SSRs that may be dispersed throughout 
the genome. These PCR primers can discriminate 
DNA sequences that share the same motifs, but 
contain a different number of repeats.  Such 
development of SSRs is laborious, time-consuming 
and expensive. At the same time, increasing and 
copious amounts of data for expressed sequence 
tags (ESTs) are publicly available. ESTs have 
become landmarks of transcribed genome parts and 
deserve further investigation. Therefore, EST 
libraries offer an opportunity for the rapid and 
inexpensive development of SSRs. Furthermore, 
several software tools have been developed for 
screening SSR motifs [8]. Flanking regions of SSR 
at sufficient length is important in order to exclude 
reliable SSR sites. They provide suitable contexts 
for designing high-quality primers [9]. 

Barley (Hordeum vulgare L.) is one of the 
major cereal species grown in temperate areas and 
produced for feed and food consumption. It is under 
pressure from serial infection by fungi, agents for 
the most widely distributed plant diseases. Because 
of the harmful toxin biosynthesis, the Fusarium 
pathogen has caused serious yield loss in barley 
[10, 11]. In barley, as many as 501.838 ESTs are 
already available in the public domain 
(http://www.ncbi.nlm.nih.gov/genbank/dbest/dbest_
summary/). This study concentrated on exploring 
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SSRs from cDNA libraries of Fusarium infected 
barley, designing primers for their amplification 
and detecting allelic variance in cultivars resistant 
and sensitive to Fusarium related diseases.  

 
 

MATERIAL AND METHODS 

Plant materials. A set of seven barley 
(Hordeum vulgare L.) cultivars were used to test 
SSR markers. Three of them were resistant (Hilal, 

one susceptible (Bayrak) 
to Fusarium root rot; two of them were resistant 
(Hilal, Clarice) and two susceptible (Stander and 
Chevron) to Fusarium head blight. Genomic DNA 
was extracted as per Song and Henry [12]. 

 
Bioinformatic analysis SSR identification. 

After trimming of vector-contaminated sites in 
ESTs, a DNADragon 
(http://www.sequentix.de/download/dnadragon.zip) 

cluster all ESTs into condensed non-redundant 
groups. Non-clustered ESTs (singletons) were 
dissected and further analysed on eTRA 1.0 
software developed by [13] Karaca et al. (2005) for 
extracting SSR-containing sequences. Consensus 
assemblies were processed to reveal the nucleotide-
protein similarities by means of a Blastx 
(http://www.ncbi.nlm.nih.gov/BLAST) search. In 
addition, the barley-specific SSR-containing sites 
were used to map (http://webblast.ipk-
gatersleben.de/barley/viroblast.php). 

 
PCR amplification and detection. PCR 

reaction reaction 

of 25mM MgCl2  of 10mM dNTP
Taq poly

initial 
denaturation at 94°C for 3 min, the following 
cycling parameters were applied: denaturation of 1 
min at 94°C, annealing of 1 min at the respective 
temperatures (Table 2), extension of 2 min at 72°C. 
After 40 cycles of amplification, a final extension 
step was performed at 72°C for 7 min. 

 
Validation and diversity analysis.The 

informativeness of a given DNA marker was 
measured by the PIC  values described by Bostein 
et al. [14]  and modified by Anderson et al. [15] 
1993) and these were calculated according to the 
formula: 

where k is the total number of alleles detected 
for a given marker locus and pi is the frequency of 

the ith allele. 
EST-SSR alleles were scored for the presence 

(1) and absence (0) for seven cultivars. Genetic 
similarity was estimated according to Dice [16], and 
the unweighted pair-group method with the 
arithmetic means (UPGMA); a dendogram was 
constructed using the NTSYSPC 2.0 software 
package [17].  

 
 

RESULTS 

Assembly of the ESTs from two libraries 
(library numbers 9841 and 24112) produced 1 095 
assembled contigs and 3 062 singletons, containing 
a total of 6 666 bp sequence lengths. The mining for 
SSR sequences revealed 97 SSRs in ESTs 
containing 6666 sequences. Ninety-seven SSRs 
included 14 different duplet, 24 triplet, 6 
quadruplet, 1 quintuplet and 2 sextuplet motifs. The 
longest repeat present in the data set was a GA[24] 
di-nucleotide repeat. The longest polymorphic 
repeat detected was a (TTC)7 trinucleotide repeat. 
Of 97 EST-SSRs, 49 SSR-containing EST unigenes 
showed significant similarities to known barley 
genes. 

Only 33 primer pairs could be designed, which 
annotated to known barley genes (Table 1). These 
candidate EST-SSRs were validated in cultivars 
resistant and susceptible to Fusarium head blight 
and root rot diseases. Of the 33 primer pairs, 19 
successfully amplified and produced clear band 
patterns of the expected size, whereas the remaining 
pair yielded an amplicon which was larger than 
expected (Tables 1 and 2). Of the 19 candidate 
SSRs, five were shown to be polymorphic, whereas 
the remaining SSR was monomorphic (Table 1). 
The five EST-SSRs revealed a total of 24 
polymorphic alleles. The number of polymorphic 
alleles per primer pairs varied from one to three. 
When the informativeness of EST-SSR markers 
was measured, the polymorphic information content 
(PIC value) ranged from 0.28 to 0.60. Five of the 19 
EST-SSR markers could function as useful markers. 

As regards the values of genetic similarity of 
the cultivars based on EST-SSR markers, similarity 
coefficients ranged from 0.63 to 0.92. Hilal  and 
Clarice  had the largest genetic similarity (0.92) to 
Bayrak  and Stander , respectively, and the 
Chevron  cultivar was furthest from the  

cultivar with a genetic similarity of 0.63. The 
phenogram obtained on the basis of 19 EST-SSR 
markers differentiated the genotypes in three major 
groups (Fig. 1). The resulting UPGMA dendogram 
could not manage to differentiate resistant cultivars 
from susceptible cultivars with regard to Fusarium 
related diseases.  
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TABLE 1 
The putative proteins identified by BLASTX of 19 unigene sequences containing EST-SSRs. 

Sequence ID 
Matched 
protein 

Conserved 
region 

Blast 
score Genome Repeat 

Forward primer(5-3) 
Reverse primer (5-3) TaºC 

Expected 
size (bp) 

contig 624 
predicted 
protein 

RRM RF 
superfamily 

4E-40 2HL (CATC)6 
GCCAGACCAACCAATACC 
GGAGCAGCAACAATAGCA 

51.9 110 

contig 369 
predicted 
protein 

Gp-dh-N 
superfamily 

1,00E-
63 

6HS (CT)7 
CGTGATAAGTATGAGGTGAGA 
AGCAGATATTGAGCGGAAG 

54.1C 237 

Contig 110 
predicted 
protein 

RabGTPase 7E-76 1H (ATAA)5 
CGGCAATGAGATGAAGGC 
TTATATCAGTCAGTCACG 

52.9 408 

Hv#S48849571 
HVSMEl0016A02f2 

predicted 
protein 

Phosphate 
binding motif  

5E-50 2HL (TC)10 
ATTGCTCATCTCATCCATACA 
GAGGGGAAGGAAGGAACT 

 153 

Contig 642 
predicted 
protein 

Glyco hydro-3-
superfamily 

4E-
149 

4HL  (CCT)6 
AGATGACCTCCTCCTCCT 
CTCCTCGGCAAGAAGAAG 

56 196 

contig 35 
gamma-3-
hordein 

Alpha-Amylase 
Inhibitors (AAIs) 
and Seed Storage 
(SS) Protein 
subfamily 

6,00E-
72 

1H (TTG)6 
GGCTGTTGTTGAAGTTGGAT 
CGTTCCTCCGACCACATAT 

54C 238 

contig 381 
gamma-3-
hordein 

Alpha-Amylase 
Inhibitors (AAIs) 
and Seed Storage 
(SS) Protein 
subfamily 

1,00E-
54 

1H (TTG)6 
TGAGCAATAAGGTGGAACAT 
GCAACAACAACAACAACAAG 

53.8C 218 

contig 608 
predicted 
protein 

2-oxoacid 
dehydrogenases 
acyltransferase 
(catalytic 
domain) 

5,00E-
74 

7HS (TA)6 
GGCGGAGTGAGGTGTAA 
CCTGCGAAGAAGAGAAGAG 

51.2 138 

Hv#S12622295 
HVSMEl0002A13f 

UDP-D-
glucose 
epimerase 1 

UDP-glucose 4-
epimerase 

1,00E-
46 

1H (ATGG)7 
ACCATCTTCCTTCCTTCCT 
CCTTCCTCCATCCATCCA 

51.2C 117 

Hv#S12624235 
HVSMEl0010G24f 

barwin=wound-
induced protein 
homolog 

 Barwin family; 
this family is also 
named 
pathogenesis-
related proteins 
PR-4. Members 
of this family are 
barwin from 
barley seeds. 

4,00E-
22 

3HL (TG)10 
CCAGGTCCCAGTTGTTCT 
TCCAGTTTCAGCCACCAA 

51.7C 223 

Hv#S12624944 
HVSMEl0013J13f 

predicted 
protein 

 DUF538; this 
family consists of 
several plant 
proteins of 
unknown 
function 

4,00E-
58 

1H (CAC)7 
AACACTCACCACCACCAC 
CAGGAGGAGGCACAAGAAG 

57.7C 111 

Hv#S12625602 
HVSMEl0017O10f 

predicted 
protein 

Condensing 
enzymes; Family 
of enzymes that 
catalyse a 
(decarboxylating 
or non-
decarboxylating)  

5,00E-
41 

1H (TGC)7 
GCTGTGGGTCTGTCTTTG 
CAAGGATGCTGCGAAGTA 

52.1C 101 

Hv#S12626423 
HVSMEl0023G22f 

predicted 
protein 

Sm proteins; 
small nuclear 
ribonucleoprotein 
particles 
(snRNPs) 
involved in pre-
mRNA splicing 

2,00E-
35 

2HL (CAT)7 
GGAGCATTCACATCATCATC 
AGCAGGCAATATAGCAGAC 

51.5C 135 

Contig 305 
predicted 
protein 

ABC-2 type 
transporter 

2E-
107 

4HS (TTC)7 
GGACTGACTGACGAAGGT 
CGATTAGAGGAGAGGAATAACA 

55.8C 122 

Contig 269 
predicted 
protein 

Nodulin MtN21 
family protein 

1,00E-
40 

7HS (CAACGG)4 
ATCATCACCGCCGTCCT 
TTGGAGCCGTTGCCGTT 

59.1C 227 

Hv#S48848420 
HVSMEl0003G02r2  

FT-like protein 

Phosphatidyl 
Ethanolamine-
Binding Protein 
(PEBP) domain 
regulation of 
flowering 

2,00E-
45 

3HS (ATC)12 
AATGTCGCACGCATAGTTA 
GTGACCACACAAGAAGAAGAA 

 152 

Hv#S48849653 
HVSMEl0017O10f2  

predicted 
protein 

Condensing 
enzymes; Family 
of enzymes that 
catalyse 
(decarboxylating 
or non-
decarboxylating 

4,00E-
42 

6HL (AGC)7 
GTCGCACAACTTCCTGTC 
TACTTCAAACTTCTTGCCTG 

 155 

Hv#S48848649 
HVSMEl0006F02f2 

predicted 
protein 

Rubredoxin; 
nonheme iron 
binding domains 

9,00E-
55 

5HS (CT)15 
AGACAGCAAAAGGAAAAGTG 
GACAGGAGGGGTGGAGAC 

 128 

Contig 114 
predicted 
protein 

The WRKY 
domain is a DNA 
binding domain 

6E-72 3HL (GCCGAT)4 
GAAGACGACGGTGAGAGT 
ACGGACATCAGATTGAGAAC 

59.5 407 
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TABLE 2 
Characterization of 19 EST-SSR makers in barley cultivars. 

Locus Repeat motif 
Allele size 
(bp) 

Number  
of alleles 

Expected 
heterozygosity 

Polymorphic 
information 
content (PIC) 

contig 624 (CATC)6 117 1 - - 
contig 369 (CT)7 240-246 3 0.53 0.57 
contig 110 (ATAA)5 408 1 - - 
Hv#S48849571 
HVSMEl0016A02f2 

(TC)10 155-157 2 0.22 0.43 

contig 642 (TTG)6 296 1 - - 
contig 35 (TTG)6 252 1 - - 
contig 381 (TTG)6 218 1 - - 
contig 608 (TA)6 138 1 - - 
Hv#S12622295 
HVSMEl0002A13f 

(ATGG)7 117-121 2 0.28 0.28 

Hv#S12624235 
HVSMEl0010G24f 

(TG)10 223-240 2 0.34 0.32 

Hv#S12624944 
HVSMEl0013J13f 

(CAC)7 111 1 - - 

Hv#S12625602 
HVSMEl0017O10f 

(TGC)7 101 1 - - 

Hv#S12626423 
HVSMEl0023G22f 

(CAT)7 135 1 - - 

contig 305 (TTC)7 122-134 3 0.61 0.60 
contig 269 (CAACGG)4 320 1 - - 
Hv#S48848420 
HVSMEl0003G02r2  

(ATC)12 152 1 - - 

Hv#S48849653 
HVSMEl0017O10f2  

(AGC)7 166 1 - - 

Hv#S48848649 
HVSMEl0006F02f2 

(CT)15 136 1 - - 

contig 114 (GCCGAT)4 407 1 - - 
 
 

 
 

FIGURE 1 
UPGMA phenogram showing the genetic 

similarity among the seven barley cultivars  
using EST-SSR 

 
 

DISCUSSION            

Polymorphic EST-SSR markers have been 
employed for several applications including tagging 
and mapping of genes related to agronomic and 
stress-resistant traits of interest, evolution, linkage 
mapping, and comparative analysis. Because of 
their genic function, EST-SSR markers have some 
advantages in terms of identifying the functional 
diversity of unique adaptive germplasm. In the 

present study, the data sets from EST libraries 
consisting of 6666 sequences were surveyed to 
detect unique SSRs and design primers for them. 
Finally, 97 EST-SSRs were found. EST-SSRs with 
perfect SSRs were the most common, with a 
frequency of 31 and 50 for contig and singleton, 
respectively. 

Among the repeat motifs, trinucleotide repeats 
were found to be the most abundant (51%), 
followed by dinucleotide (38%), tetranucleotide 
(8%), pentanucleotide (1%), and hexanucleotide 
(2%) repeats (Table 2). The highest frequency of 
trinucleotide motifs in our data is consistent with 
the frequencies reported for other cereals [8, 18, 19, 
20, 21, 22, 23]. The suppression of non-trimeric 
SSRs in exons due to the risk of frameshift 
mutations may cause the dominance of triplet SSRs 
in the coding region  [24].  

Fourteen dinucleotide, twenty-four 
trinucleotide, six tetranucleotide, one penta 
nucleotide and two hexanucleotide different repeat 
motif types were identified in this data set. In 
contrast with other works [8, 23, 25, 26]  which 
identified [AAG]n, [CCG]n and [AAT]n as the 
most and the least common motif, respectively, no 
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clear bias was observed in the abundance or scarcity 
of specific SSR motif types. 

In the present study, even though only two 
libraries were used, the EST data cover a major part 
of the known barley genes. Forty-nine SSR-
containing EST unigenes showed significant 
similarities to the known genes (Table 1). All the 
annotated proteins were from Hordeum vulgare L.  

Only 58% of the designed primer pairs proved 
to be functional. The remaining 42% primer pairs 
failed to produce amplicons, possibly because of the 
presence of large introns, primers designed across 
exon/intron splice sites or primers that were derived 
from chimeric cDNA clones [8, 27]. 

Nineteen EST-SSR markers gave 
amplification products and five of them were found 
to be polymorphic. Of 19 functional primer pairs, 
two primer pairs gave amplicons larger than 
expected. The formation of products of unexpected 
size may be mainly owed to the insertion-deletion 
(indel) polymorphism within sequences or partly to 
the repeat length variability within SSRs. 

In this study, chromosomes 1,2,3,4 and 6 were 
found to have a polymorphic EST-SSR region. A 
previous study indicated the importance of some 
QTL regions related to Fusarium resistance in 
barley which were predominantly found on 
choromosomes 2 and 6 [28]. Also, Li et al. [29] 
found a single QTL carrying two polymorphic 
SSRs, Bmac0209 and HMW33, located on 
chromosome 3HL in Chinese landrace , 
which was declared as moderately resistant to 
Fusarium crown rot infection. The discriminative 
activity of the Bmac0209 microsatellite marker was 
also c  [30] 
during the screening of diverse barley landraces. 
Accroding our data, one polymorphic EST-SSR 
containing the repeat motif (TG)10 on chromosome 
3HL was matched with the  Barwin wound induced 
protein . This protein contains a conserved region 
known as pathogenesis-related protein PR-4, which 
was one of the members of barwin from barley 
seeds. Thus, these results showed the importance of 
barley chromosome 3H on both phylogenetic and 
Fusarium resistance testing in barley screening. 
Consequently, the newly developed markers in this 
study can also be used for construction of genetic 
linkage maps to perform gene-based association 
analysis especially for Fusarium related diseases. 

In conclusion, the newly developed 33 EST-
SSR markers can be used for construction of 
genetic linkage maps to perform gene-based 
association analysis especially for Fusarium related 
diseases and evaluated for genetic diversity analysis 
for barley. 
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ABSTRACT 

 
The chlorimuron-ethyl-degrading strain D-6 

was isolated from contaminated soil and 

Bacillus subtilis under laboratory conditions. 
When chlorimuron-ethyl was provided as the sole 
nitrogen source, the degradation 
liquid medium was about 90.5% after 3 days of 
inoculation with strain D-6. The effects of 
chlorimuron-ethyl concentration, degradation 
time, and temperature on biode-gradation were 
examined. The optimal conditions of 
chlorimuron-ethyl degradation by D-6 were 
chlorimuron-ethyl 300 mg/L, NH4NO3 1 g/L, at 
30 °C, pH7.0 and 3 days.  

 
   

KEYWORDS:  
Chlorimuron-ethyl; Bacillus subtilis strain; Isolation 
and screening; Degradation 
 
 
INTRODUCTION  

  
Sulfonylurea is a family of herbicides that 

can control weeds in wheat, rice, soybean, barley, 
cotton, potato and corn [1, 2]. Chlorimuron-ethyl 
is one of the sulfonylureas used for pre- and 
postemergence broadleaf weed control, 
characterized by very low application rates, high 
herbicidal activity, good crop selectivity and low 
mammalian toxicity. The use of 
chlorimuron-ethyl to control weeds in soybean 
production in northeast of China has steadily 
increased over the past few years. In 
Heilongjiang Province of China, a total of 400 
tons of chlorimuron-ethyl is used, and covers 
more than 1.33 × 106 
year [3]. Chlorimuron-ethyl can persist in soil for 
a long time (over 100 days), has raised increasing 
concerns about the damage of the rotation crops 

and the risk of contaminating nearby aquatic 
systems [2, 4]. Moreover, chlorimuron-ethyl have 
high water solubility, it is prone to leach through 
soil to groundwater, easily causing groundwater 
pollution via precipitation and irrigation [5]. 

rapidly detoxify the residua of chlorimuron-ethyl 
in the environment. 

There is very little information about the 
degradation of chlorimuron-ethyl. Ma et al. [6] 
studied that chlorimuron-ethyl was provided as 
the sole nitrogen source, the degradation 

-ethyl in liquid medium 
was about 81.0% after 7 days of inoculation with 
LW3 (this is the bacterium of Pseudomonas sp. 
which is able to degrade chlorimuron-ethyl) . 
Zhang et al. [7] study showed that when the 
initial concentration of chlorimuron-ethyl in 
culture was 5 mg/L, LF1 (this is the only yeast 
strain of Sporobolomyces sp. which is able to 
degrade chlorimuron-ethyl) could degrade more 
than 77% of the herbicide after incubation for 4 d 
at 30°C. The possible mechanism of 
chlorimuron-ethyl degradation by LF1 could be 
the acidic hydrolysis caused by the acids from the 
metabolism of the yeast strain . However, there 
has been no report on the 
chlorimuron-ethyl-degrading Bacillus subtilis 
strain. 

The objectives of this study were to isolate 
and characterize the microbes for degrading 
chlorimuron-ethyl under laboratory conditions, 
and to determine the rate of chlorimuron-ethyl 
degradation in liquid culture with different 
conditions such as: i
characterization of D-6, degradation time, 
different concentrations of chlorimuron-ethyl, 
and temperature.  

 
MATERIALS AND METHODS  

Chemicals and soil. Chlorimuron-ethyl 
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(97% purity) is purchased from Shanghai Anpel 
Instrument Co., Ltd., China. Dichloromethane is 
of analytical reagent grade and redistilled before 
use. Methanol and acetic acid glacial are of 
chromatographic pure grade and filtrated before 
use. Other chemicals used in this study are all of 
analytical grade. The test soil is a 
chlorimuron-ethyl contaminated chernozem soil 
in Nenjiang County of Heilongjiang province of 
China. 

   
Enrichment and isolation of 

chlorimuron-ethyl degrading strains. Twenty 
grams of 0 25 cm soil samples was added to 200 
mL of nitrogen-limited minimal salts medium 
(NaCl 20.0 g, CaCl2 0.4 g, NH4Cl 1.0 g , KCl 0.2 
g, KH2PO4 1.0 g, FeCl2·4H2O 0.04 g, K2HPO4 
2.0 g, MgSO4 1.0 g, glucose 10.0 g, distilled 
water 2 L, pH 7.0) in 500 mL flask, and 10 mg of 
chlorimuron-ethyl as the sole nitrogen source for 
microbes was added to the mixture at 4-d 
intervals. After three additions of 
chlorimuron-ethyl, 10 mL of the soil suspension 
was transferred to a sterile mineral salts medium 
containing 100 mg/L chlorimuron-ethyl. When 
the mineral solution turned turbid, 1 mL of the 
suspension was transferred to a fresh sterile 
mineral salt medium containing 200 mg/L 
chlorimuron-ethyl. The procedure was repeated 
three times to increase the level of 
chlorimuronethyl to 500 mg/L. The final enriched 
culture was spread on the culture agar plates 
containing 100 mg/L chlorimuronethyl, and the 
medium comprised (per 1000 mL distilled water). 
Beef extract peptone semi solid culture medium: 
beef extract 1.0 g, peptone 1.0 g, NaCl 1.0 g, agar 
1.6 g, pH 7.0. Actinomycetes culture medium: 
glucose 4.0 g, peptone 4.0 g, KH2PO4 0.1 g, 
MgSO4·7H2O 0.1g, KNO3 0.2g, NaCl 0.1 g, 
FeSO4 0.002 g, soluble starch 4.0 g, agar 4.0 g, 
distilled water 200mL. Enrichment medium: 
peptone 1.0 g, K2HPO4 0.2 g, MgSO4 0.1 g, 
distilled water 200mL, agar 30.0 g, and pH 7.2. 
before incubation. Different colonies were picked 
up, and further purified by using streak plating 
method. No bacteria and actinomycetes capable 
of degrading chlorimuron-ethyl were obtained 
from the enrichment culture, but a total of 6 
Bacillus subtilis strains were found to possess the 
ability of degrading chlorimuron-ethyl, among 
which, strain D-6 had the highest degradation 
effeciency, and was selected for further studies.   

 
Identification and characterization of D-6 

strain. The identification of D-6 was based on its 
colony morphology and cultural and biochemical 
characteristics following with reference to 
Bacillus subtilis strain. The 16S rRNA gene was 

amplified by using polymerase chain reaction 
(PCR) with the universal primer pair [8] of F27 

-AGAGTTTGATCCTGGCTCAG-
R1541 ( -AAGGAGGTGATCCAGCCGCA-
The conditions for PCR were: denaturation at 
95 °C for 5 min, followed by 35 cycles of 
denaturation at 94 °C for 30 s, at 52 °C for 30 s, 
and 72 °C for 60 s, and a final extension at 72 °C 
for 10 min. PCR fragments were purified by 
agarose gel electrophoresis. The 16S rRNA gene 
sequence was determined at Sangon 
Biotechnology Co., Ltd., Shanghai, China and 
compared with the most similar sequence in the 
Genebank nucleotide sequence database based on 
the percentage similarities. Sequences with the 
greatest similarity to the isolate D-6 sequence 
were extracted from the database and aligned. 
Software ClustalX was used for sequence 
analysis and contrast [9]. The tree was generated 
by Mega5.0.   

 
Inoculum preparation for degradation 

study. The strain D-6 was cultured in 250 mL 
flask containing 100 mL of medium (peptone 5.0 
g, malt extract 5.0 g, distilled water 1000 mL) 
supplemented with 100 mg/L chlorimuron-ethyl. 
At its exponential phase, D-6 was collected by 
centrifugation. The pellets were washed two 
times with 0.02 mol/L Na2HPO4-KH2PO4 buffer, 
resuspended in the same buffer, and used for 
inoculation.   

 
Degradation of chlorimuron-ethyl by D-6. 

D-6 was isolated from the minimal salts medium 
(MSM) supplemented with chlorimuron-ethyl as 
the sole nitrogen source. To have a better growth 
of D-6, the degradation test of chlorimuron-ethyl 
by D-6 was performed in MSM supplemented 
with nitrogen sources NH4NO3 (MSNM) and 
chlorimuron-ethyl. An inoculum (1%, V/V) of 
D-6 was inoculated into MSNM, and all cultures 
were incubated in a rotary shaker at 165 rpm. The 
degradation effeciency was determined and 
estimated by the removal percentage of 
chlorimuron-ethyl from the liquid culture.   

 
Determination of optimum degradation 

conditions of chlorimuron-ethyl by D-6. The 
effects of degradation conditions of 
chlorimuron-ethyl by D-6 strain with degradation 
time (12 h, 24 h, 48 h, 72 h and 96 h), initial 
concentration of chlorimuron-ethyl (100 mg/L, 
200 mg/L, 300 mg/L, 400 mg/L, 600 mg/L and 
800 mg/L), and temperature (10 °C, 20 °C, 30 °C 
and 40 °C) were carried out. Each treatment was 
trireplicated, with uninoculation as the control. 
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RESULTS AND DISCUSSION 

D-6. 
The 16S rRNA gene sequence of D-6 was 
obtained, and a phylogenetic tree based on the 
partial 16S rRNA gene sequence of D-6 was 
constructed (Figure 1) with the sequence 
similarity score of 99%. The result of this 
phylogenetic analysis was consistent with that of 
morphological characterization and biochemical 
tests, and thus, the isolate D-6  

Bacillus subtilis.  
 

FIGURE 1 
Phylogenetic tree based on the 16S rRNA gene 

sequences of D-6 strain and related species. 
The GenBank accession number for each 

microorganism used in the analysis is shown 
after the species name. The scale bar indicates 

0.001 substitutions per nucleotide position. 
Bootstrap values obtained with 1000 

resamplings were indicated as percentages at 
all branches. 

 
Effect of degradation time of 

chlorimuron-ethyl. The effects of degradation 
time of chlorimuron-ethyl by strain D-6 were 
discussed with different degradation time (12-96 
h). The degradation rates of chlorimuronethyl 
were increaded with the increase of the 
degradation time from 12 to 72 h, and its values 
were 90.5% at between 72 and 96 h (see Figure 
2 ). 

 
Effect of different concentrations of 

chlorimuron-ethyl. The effects of initial 
concentrations of chlorimuron-ethyl by strain 
D-6 were analyzed with different initial 
concentrations (100-800 mg/L). Figure 3 shows 
that the degradation rates of chlorimuronethyl 
were increaded from 25.1 to 90.5% with the 
increase of the initial concentrations from 100 to 
300 mg/L, afterward it was decreased to 27.2% 

FIGURE 2 
E ect of degradation time on its degradation. 
The initial chlorimuron-ethyl concentration of 

300 mg/L, at 30°C and pH7.0. 
 

FIGURE 3 
E ect of initial chlorimuron-ethyl 

concentration on its degradation. NH4NO3: 1 g 
/L, at 30°C, pH7.0 and 3 days. 

 
at the initial concentrations of chlorimuron-ethyl 
was 800 mg/L. The optimum concentrations of 
chlorimuron-ethyl for degradation by strain D-6 
is found to be 300 mg/L. Therefore, all the later 
experiments were carried out at 
chlorimuron-ethyl concentrations of 300 mg/L. 

 
Effect of temperature. The effects of 

temperature by strain D-6 were tested with 
different temperature (10-40 °C ). Figure 4 shows 
that the degradation rates of chlorimuron-ethyl 
were increaded from 21.2% to 90.5% with the 
increase of the temperature from 10 to 30 °C, 
afterward it was decrease to 43.2% at the 
temperature 40 °C. The optimum temperature for 
degradation chlorimuron-ethyl by strain D-6 is 
found to be 30 °C. Therefore, all the later 
experiments were carried out at temperature 
30 °C. 
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FIGURE 4 

E ect of temperature on its degradation. The 
initial chlorimuron-ethyl concentration of 300 

mg/L, at pH7.0 and 3 days. 
 
 

CONCLUSIONS 
 
The strain D-6 isolated from a 

chlorimuron-ethyl polluted soil could be the 
Bacillus subtilis strain capable of degrading 
chlorimuron-ethyl. Incubation tests showed that 
when the initial concentration of 
chlorimuron-ethyl in culture was 300 mg/L, D-6 
could degrade more than 90.5% of the herbicide 
after incubation for 3 d. The optimal conditions 
of chlorimuron-ethyl degradation by D-6 were 
chlorimuron-ethyl 300 mg/L, NH4NO3 1 g/L, at 
30 °C, pH7.0 and 3 d. Further study should be 
conducted to investigate the degradation 
pathways of chlorimuron-ethyl by D-6, and to 
approach the feasibility of using D-6 to degrade 
the chlorimuron- ethyl in soil system. 
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ABSTRACT 

 
Nutrients accumulate in eutrophic lakes, and 

some of them deposite into the lake sediment. As a 
water quality management method to control 
internal source pollution, sediment dredging is 
becoming more and more popular. There is now 
widespread concern that once the dredged sediments 
have been removed and disposed of, nutrients could 
be dissolved and became mobile, causing secondary 
pollutions. Meiliang Bay is one of the most 
eutrophied bays in the northern part of Taihu Lake in 
China. In this study, the authors analyzed the 
dredged sediments solidification from Meiliang Bay 
for their phosphorus content. We also investigated 
changes in phosphorus forms and phosphorus 
leaching before and after dredged sediments 
solidification. The total phosphorus content of the 
dredged sediment from Meiliang Bay was 5.15 g/kg. 
Org-P was the dominant fraction and made up 
67.82 % of Total phosphorus (TP). Other forms were 
found in decreasing amounts as follows: occluded 
phosphorus (O-P), lime type phosphorus (Ca10-P), 
dicalcium phosphate (Ca2-P), octacalcium phosphate 
(Ca8-P), aluminum bound phosphorus (Al-P), iron 
bound phosphorus (Fe-P). It is found that Org-P is 
the most important factor in the acid extraction 
process, when pH is 2.64. The Phosphorus leaching 
risk is evaluated before and after dredged sediments 
solidification, and results confirmed that 
solidification effectively reduces the risk of 
phosphorus leaching from dredged sediments. 

 
 

KEYWORDS:  
Taihu Lake, dredged sediments, solidification, 
phosphorus, leaching, forms 

 
 

INTRODUCTION 
 
Taihu Lake is the third largest freshwater lake 

in China with a surface area of 2 338 km2 and an 
average depth of about 2 m [1]. Meiliang Bay is one 
of the most eutrophied bays in the northern part of 
Taihu Lake. Over recent years, pollution from 

external sources has decreased in Lake Taihu. Total 
nitrogen and total phosphorus concentrations are, 
however, decreasing very slowly, as a result of the 
internal source pollution. Phosphorus (P) is one of 
the limiting nutrients and its adequate supply to biota 
is very import in regulating primary productivity and 
regarded as a key factor responsible for the 
eutrophication of freshwater [2]. Dredging is carried 
out to control internal source pollution in Lake 
Taihu, and large amounts of dredged contaminated 
sediment are removed from the lake. Sediment 
dredging is a lake restoration technique to remove 
rich in pollutants and to control their release or 
nutrient bioavailability. Many studies have 
conducted to investigate sediment dredging and its 
environmental effects [3, 4]. This dredged sediment 
requires much storage space, and may cause 
secondary pollution, so it needs to be disposed of 
carefully. Various methods have been proposed to 
manage this sediment [5-9]. For example, 
solidification is a common treatment method for 
hazardous waste. This method stabilizes the 
contaminants in the treated material, and prevent the 
spread of pollutants that might be hazardous to 
humans and to the natural environment. The 
Environmental Protection Agency considers that 
solidification is the best method for dealing with the 
hazardous waste, and this technology has now been 
applied to dredged sediments [10].  

Phosphorus in soil may be transformed into 
mobile forms and transported from surface water to 
groundwater, thereby causing pollution of the water 
environment [11, 12]. Therefore, the phosphorus 
stability and secondary contamination risks after 
dredged sediment solidification deserve some 
attention. 

Zhang and Fan investigated the phosphorus 
forms in Lake Taihu. They found that the main 
phosphorus forms found in Taihu were, in reducing 
concentration order, organic phosphorus (Org-P) > 
calcium bound phosphorus (Ca-P) > aluminum 
bound phosphorus (Al-P) > iron bound phosphorus 
(Fe-P). Fractionation of sediment phosphorus from 
the north of Taihu showed that it had more organic 
phosphorus, which is closely related to the 
eutrophication and blue algae outbreaks [13]. 
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Michael K. Stenstrom studied phosphorus release in 
the Han River and found that the pH of the leaching 
solution had a significant effect on phosphorus 
release rates [14]. According to previous studies, the 
pH of the leaching solution has an effect on Fe-P, Al-
P and Ca-P, and can cause phosphorus release from 
sediments [15-17]. Yuan X-Y suggested that Al-P 
and Fe-P were not readily released under acidic 
conditions. He found that, when pH decreased or 
when CO2 was produced by biodegradation, Ca-P 
solubility increased, resulting in increased release of 
phosphorus from the sediments [18]. Few research 
has been carried out on secondary phosphorus 
pollution from treated dredged sediments. However, 
the release of phosphorus from such sediments may 
have important influence on the eutrophication in the 
future; therefore it is necessary to investigate 
secondary phosphorus pollution after solidification 
of dredged sediments. 

Solidification is a suitable method for solving 
the problems of sediment phosphorus release to 
water from dredged sediments. However, it is not 
clear how the phosphorus forms will change when 
the solidified dredged sediment is disposed of 
around the lake or reused for, e.g. paving and 
embankments. In this study, dredged sediments were 
treated with ordinary portland cement (OPC), 
sulfoaluminate cement (SAC) and quicklime (QL). 
It is important to investigate how phosphorus forms 
and phosphorus leachability change after 
solidification of dredged sediments. The changes in 
phosphorus forms, and phosphorus leachability in 

Lake Taihu solidified dredged sediments are 
analysed, with the aim of (1) developing guidelines 
for treating contaminated sediments, and (2) 
providing insights into the secondary pollution from 
treated sediments. 

 
 

MATERIALS AND METHODS 
 
Tested Materials. In this study, dredged 

sediments (DM) were taken from Meiliang Bay in 
northern Taihu. Basic physical index tests were 
conducted in accordance with the procedures given 
in GB/T 50123-1999 [19], and the basic physical 
properties of the DM are summarized in Table 1. The 
particle distributions were mainly tested with 
Malvern 2000 laser particle analyzer, which is 
shown in Fig. 1. 

OPC, SAC and QL were used as the 
solidification materials. DO, DS and DQ were used 
to represent dredged sediments solidification, 
respectively. All the solidification materials content 
ac = 100 kg/m3 and they all had a curing time (t) of 7 
days. Because the total phosphorus content of the 
treatment agents was very small relative to that of the 
DM, it was considered negligible in this study. The 
chemical composition of the OPC is given by Zhu et 
al. [20] and is summarized in Table 2. The SAC used 
was Portland cement, and its clinker contained 3 to 
13 % C4A3S. The main component of QL was CaO. 

 
TABLE 1 

Basic physical properties of the tested dredged material 
 

 
 

FIGURE 1 
Grain size distribution curve 
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Tested Methods. 1) Total phosphorus. Total 
phosphorus (TP) content was determined after 
digestion with strong acids [21]. In this method, 
mineral phosphate and organic phosphorus 
compounds in the soil particles are broken down by 
sulfuric acid and perchloric acid at a high 
temperature. All of the phosphorus is converted to 
phosphate. The phosphate is then determined by 
molybdenum dysprosium colorimetry. 

 
2) Phosphorus leaching experiments. A solid 

waste-extraction procedure developed to determine 
the toxicity of leachate was used for the phosphorus 
leaching experiments using an acetic acid buffer 
solution [22].  

 
3) Analysis of phosphorus forms. The authors 

 [23] modification method of 

[24] sequential phosphorus extraction in 
this study. The procedure successively extracts 
phosphorus from DM using different solvents and 
conditions. The resultant forms are aluminum bound 
phosphorus (Al-P, extractable by NH4F), iron bound 
phosphorus (Fe-P, extractable by NaOH and Na2CO3 
after Al-P extraction), occluded phosphorus (O-P, 
extractable by Na3C6H5O7 and Na2S2O4 after Fe-P 
extraction), lime type phosphorus (Ca10-P, 
extractable by H2SO4 after O-P extraction). The 
resultant forms are dicalcium phosphate (Ca2-
P,extractable by NaHCO3), octacalcium phosphate 
(Ca8-P, extractable by CH3COO-NH4 after Ca2-P 
extraction). Organic phosphorus is determined after 
burning of high temperature with H2SO4 [21]. The 
procedures of the continuous chemical extracting 
method is shown in Fig. 2. 

 
TABLE 2 

Chemical composition of ordinary Portland cement (OPC). 
 

SiO2 (%) Al2O3 (%) Fe2O3 (%) CaO (%) MgO (%) 

21.43 22.17 4.75 5.83 3.31 3.91 64.39 66.23 1.12 2.08 

 

FIGURE 2 
The procedures of the continuous chemical extracting method 
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FIGURE 3 

TP and phosphorus forms of dredged sediments 
 
 

TABLE 3 
Phosphorus forms concentrations before and after dredged sediments leaching (g/kg). 

 
Phosphorus 
forms 

Al-P Fe-P Ca2-P 
&Ca8-P 

Org-P Ca10-P O-P 

Before 
leaching 

0.02633 0.00958 0.03625 0.34921 0.03673 0.05675 

After 
leaching 

0.02495 0.00890 0.04998 0.31891 0.03501 0.06251 

 
RESULTS 

 
Total phosphorus and phosphorus forms in 

dredged sediments. Fig. 3 shows the contributions 
of the different phosphorus forms and TP content in 
the dredged sediments from Meiliang Bay. The TP 
content was 0.515 g/kg. Org-P was the dominant 
fraction and made up 67.82 % of TP. Other forms 
were found in decreasing amounts as follows:  

 
O-P, Ca10-P, Ca2-P and Ca8-P, Al-P, Fe-P. 
 
Phosphorus forms before and after dredged 

sediments leaching. The distribution of phosphorus 
forms was significantly different before and after 
dredged sediments leaching, as shown in Table 3. 
The content of Org-P, Al-P and Ca10-P all decreased 
after leaching of dredged sediments with the greatest 
decrease in Org-P, followed by Ca10-P. 

 
Change in phosphorus forms before and 

after dredged sediments solidification. 
Phosphorus forms changed significantly in the 
solidification process as follows: Org-P decreased 
significantly, while all forms of inorganic 
phosphorus increased. Ca10-P and O-P increased 
significantly (Fig.4). The greatest decrease was in 
Org-P, while the Ca10-P fraction increased the most 
for dredged sediment treated with QL. 

Effect of solidification materials on 
phosphorus leaching The authors carried out 
phosphorus leaching experiments using an acetic 
acid solution with a pH of 2.64 as the extraction 
solvent at 20°C. The amount of phosphorus leached 
from solidified dredged sediments was significantly 
lower than that from dredged untreated sediments 
(Fig.5). The amount of phosphorus leached was 
lowest from dredged sediments treated with QL. 

 
 

DISCUSSION 
 
Leaching and forms relationships. It can be 

seen from Table 3 that Org-P showed the greatest 
reduction after leaching of dredged sediments, 
followed by Ca10-P. This suggests that Org-P and 
Ca10-P are important in the acid extraction process. 
It can also be seen from Fig. 3 that the 
inorganic phosphorus increased significantly 
overall, but the amount of phosphorus leaching 
generally decreased after dredged sediment 
solidification under acidic conditions (pH = 2.64). 
This indicates that Ca10-P is not an important fraction 
in acidic conditions, when the pH = 2.64. So Org-P 
is the most important factor in the acid leaching 
process.
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FIGURE 4 

Comparison of phosphorus forms before and after dredged sediments solidification 
 

 
FIGURE 5 

Comparison of phosphorus leached before and after dredged sediments solidification 
 

TABLE 4 
Lake TP standard limits of the Environmental Quality Standards for Surface Water. 

 

Type I II III IV V 

 0.01 0.025 0.05 0.1 0.2 

Transformations in phosphorus forms after 
solidification. Phosphorus forms in dredged 
sediments changed significantly after solidification 
(Fig.3). This could be the result of the fllowing 
processes occoured when solidification. First, the 
three solidification materials had alkaline properties 
and they neutralized acidic substances such as humic 
acid. As a result, Org-P was released, and the 
decrease in Org-P was related to the degree of 
alkalinity of the solidification material. Second, 
OPC, QL and SAC each contained a large amount of 

Ca2+, and Ca-P was formed from the combination of 
Ca2+ and the phosphate released from the Org-P. The 
greatest increases in Ca-P was observed when 
dredged sediments were solidified with QL. Third, 
OPC and SAC both contained large amounts of Fe3+ 
and Al3+. Fe-P was formed from the combination of 
Fe3+ and phosphate released from the Org-P, while 
Al-P was formed from Al3+ combining with 
phosphate released from the Org-P. Four, the OPC 
hydration process can be explained by the chemical 
reactions shown Eq. (1) and Eq. (2). 
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3CaO·Al2O3+6H2O =3CaO·Al2O3·6H2O (crystal) (1) 
4CaO·Al2O3·Fe2O3+7H2O=3CaO·Al2O3·6H2O(crystal)+CaO·Fe2O3·H2O (colloid) (2) 

 
Large amounts of Fe2O3 and Al2O3 were 

generated by the above reaction. Colloidal particles 
adsorbed phosphate released from the Org-P, leading 
to a large increase in O-P. 

 
Long-term effects of solidification of 

dredged sediments of Meiliang Bay. 

The 
feasibility study of the Taihu ecological dredging 
project, Jiangsu Province, 

a

 
 

Vw w × S × h = 2.436 × 108 m3  (3) 
 
where Vw is the total water volume of Meiliang 

Bay (m3
w is lake water density (g/cm3), S is the 

area of Meiliang Bay (km2), h is average depth of 
Meiliang Bay (m). 

 an acetic acid solution (pH = 2.64) as the 
extraction solvent, 

 is 0.0145 g/kg. The mass of 
 from the total dredged sediments of 

Meiliang Bay  
 

 
QDM = LDM × V × DM = 8.8 × 107 g (4) 
 
where QDM is the mass of phosphorus leaching 

from the total dredged sediments of Meiliang Bay 
(g), LDM is the amount of phosphorus leached from 
dredged sediments (g/kg), V is total volume of 
dredged sediments in 2012 (m3

DM is average 
density of dredged sediments 
file://localhost/app/ds/density(g/cm3). 

Assuming that the total mass of phosphorus 
leached will return to Meiliang Bay in groundwater 
or surface water, the phosphorus concentration in 
Meiliang Bay can be calculated using the following 
equation: 

CDM = QDM Vw = 0.3617 mg/L (5) 
 
where CDM is the phosphorus calculated 

concentration in Meiliang Bay.  
When the total dredged sediments are treated 

by OPC, SAC and QL, the TP concentrations in 
Meiliang Bay are CO = 0.1790 mg/L, CS = 0.2567 
mg/L and CQ = 0.1535 mg/L respectively. 
Comparison of the TP concentrations with the 
Environmental Quality Standards for Surface Water 
(GB3838-2002) suggests that, in the long term, the 
TP concentration of Meiliang Bay could fall within 

Class  if dredged sediments are treated with OPC 
and QL (Table 4). 
 
 
CONCLUSIONS 

 
(1) The TP content of the Meiliang Bay 

dredged sediments is 0.52 g/kg, of which 66.82% is 
Org-P. Other forms of phosphorus, in decreasing 
concentration order, are O-P, Ca10-P, Ca2-P and Ca8-
P, Al-P, Fe-P.  

(2) Phosphorus forms showed significant 
changes after dredged sediment solidification. The 
content of Org-P decreased significantly, and those 
of all inorganic phosphorus forms increased. The 
content of Ca10-P and O-P increased significantly. 
Under acidic conditions (pH = 2.64), Org-P is the 
leading factor controlling phosphorus leaching. 

(3) Phosphorus leaching was significantly 
reduced after dredged sediment solidification in 
ac=100 kg/m3, and a treatment time of 7 days. Better 
results were obtained after treatment with OPC and 
QL. If sediments are treated with OPC and QL, TP 
concentrations in Meiliang Bay may fall within 
Class  of the Environmental Quality Standards for 
Surface Water in the future. 
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ABSTRACT 

Photochemical formation of singlet oxygen 
(1O2) in algae-laden water was studied in order to 
further analyze transformation behavior of organic 
pollutant. Formation amount of 1O2 induced by algae 
was larger under UV irradiation, whereas formation 
amount of 1O2 was very less under the other 
conditions. Enhance of light intensity, suitable pH 
(pH 7) and suitable temperature (25 °C) were prone 
to formation of 1O2, and ultrasonic pretreatment was 
of favorableness as well. Model of exponential 
growth and two-parameter exponential function 
could describe formation of 1O2 and the relationship 
between initial rate and algae concentration well. 
Main formation pathway of 1O2 probably derived 
from excited state of intermediate and pigment as 
well as participation of O2 and H+ via dismutation or 
intersystem crossing.  

 
 

KEYWORDS: 
Algae-laden water; 1O2; photochemical formation; 
characteristic  
 
 
INTRODUCTION  

Water, a kind of indispensable resource, is 
directly related to the survival of mankind and the 
development of society. Brutish behavior of human 
leads to the serious shortage of freshwater and the 
growing water pollution, especially for organic 
pollutant which poses a serious threat to the aquatic 
environment [1,2]. Photochemical behavior of algae 
can play the positive role in the transformation of 
organic pollutant in the aquatic environment [3,4]. 
Algae can give rise to the production of hydrated 
electron (e-

aq) via a series of photochemical reactions 
[5], and e-

aq result in the production of hydroxyl 
radical (·OH) under UV irradiation due to the 
formation of hydrogen peroxide (H2O2) with 
participation of O2 and H+ [6-7].  

Singlet oxygen (1O2), similar oxidation activity 
to ·OH, has been proven to form in plant [8], thus the 

formation of 1O2 may be one of reasons for 
transformation of organic pollutant in the aquatic 
environment. Unfortunately, 1O2 has not yet been 
addressed to date for the transformation of organic 
pollutant in algae-laden water. 1O2 could be 
produced by photosensitizer via promoting ground 
state oxygen to excited singlet state [9]. Many 
organic substances (such as dissolved organic matter 
(DOM)) have been shown to act as sensitizers and 
lead to the formation of 1O2 under illumination [10]. 
Researchers have detected different concentrations 
of 1O2 in waters with trapping agent method [11,12]. 
To the best of our knowledge, formation 
characteristic and kinetics of 1O2 in algae-laden 
water has not been addressed.  

Objectives of study were as follows: 1) 
analyzing initial formation rate of 1O2; 2) exploring 
effects of factors as well as possible formation 
mechanism of 1O2.  

 
 

EXPERIMENTAL  

Materials. Algae used in experiments were 
Chlorella vulgaris (CV) and Microcystis aeruginosa 
(MA) and obtained from Wuhan Hydrobilology 
Institute (China). All reagents were obtained from 
Shanghai Chemical Co. (China). Photochemical 
reactor (self-made, capacity 250 mL, diameter 8 cm,  
length 25 cm, built-in quartz cooling jacket, light 
source ( max = 360 nm )). 

 
Preparation of algae. Algae were grown in the 

axenic culture medium at 25 °C in the culturing room 
equipped with constant temperature air-conditioner 
[3,4]. Logarithmic growth phase of algae were taken 
for use in experiment after being washed. Different 
concentrations of algae were obtained by diluting the 
washed algae with the deionized water.   

 
Photochemical experiments. All experiments 

were carried out in the photochemical reactor, algae 
and furfuryl alcohol (FFA, 0.1 mmol/L) were added 
into the reactor. Solution containing algae and FFA 
was continually mixed with magnetic stirrer as well 
as bubbling air. At intervals, sample was withdrawn 
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and centrifuged at 4000 rpm for 30 min, and the 
supernatant was determined with HPLC.  

 
Analysis. FFA was used as the probe to detect 

formation of 1O2 in algae-laden water. 1O2-mediated 
oxidation of FFA was nearly 90% yield [4,13]. 
Concentration change of FFA with reaction time was 
detected by HPLC (Pgrandsil STC C18, 4.6 mm  
250 mm) with methanol/water (50/50, v/v) as a 
mobile phase (1 mL/min) at 230 nm.  

 
 

RESULTS AND DISCUSSION 

Photochemical formation of 1O2 . Algae could 
induce formation of large amount of 1O2 within short 
time under UV irradiation, and formation amount of 
1O2 gradually increased with prolonging time. Thus, 
1O2 is an important reason for transformation of 
organic pollutant except for ·OH in the aquatic 
environment, and degradation of organic pollutant 
should be a positive correlation with formation of 
reactive oxygen species from algae. Moreover, effect 
of light intensity on the formation of 1O2 was 
investigated with different UV lamps. Obviously, 
increase of light intensity was beneficial to 
formation of 1O2 (Fig.1B). This can be explained by 
more photos available in algae-laden water, which 
initiates intracellular photosensitzer to an excited 
singlet state from singlet ground electronic state.  

Generally, viability of algae is stronger at 
suitable pH and suitable temperature, whereas algae 
should show low physiological activity which 
influences formation of 1O2. We therefore analyze 
effects of pH and temperature on formation of 1O2. 

Results showed that algae-laden water at pH 7 was 
beneficial to formation of 1O2 (experimental range 
from pH 5 to pH 8), the formation amount of 1O2 was 
larger (CV 32.97 , MA 22.52 ) (see 
supplementary data).  

Additionally, formation amount of 1O2 
gradually increased with increasing temperature 
from 15 ºC to 35 ºC, but formation amount of 1O2 at 
25 ºC was closed to that at 35 ºC (see supplementary 
data). Thus, bioactivity of algae will be inhibited due 
to unsuitable temperature. Moreover, formation 
amount of 1O2 in alga-laden water was very less at 
50 ºC (Fig.2). From this point of view, formation of 
1O2 should be mainly derived from algae cell inside.  

As seen in Fig.2, heat pretreatment (50 ºC) 
significantly influenced formation amount of 1O2 
and obviously destroyed the structure of intracellular 
photosensitizer. 
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FIGURE 2 

Effect of pretreatment on formation of 1O2 
where CV 5×108 cell/L, light source 36 W and 

pH 7. 
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FIGURE 1 

Photochemical formation of 1O2 in algae-laden water where CV 5×108 cell/L, MA 5×108 cell/L,  
pH 7 and temperature 25 ºC. 



© by PSP  Volume 25  No. 12/2016, pages 5406-5410    Fresenius Environmental Bulletin  

5408 

0 10 20 30 40 50 60
0

10

20

30

40

50  CV 5 106 cells/L
 CV 5 108 cells/L
 CV 5 1010 cells/L
 MA 5 106 cells/L
 MA 5 108 cells/L
 MA 5 1010 cells/L

1
O

2
 (

m
o
l/L

)

Time (min)

A

 
0 1x1010 2x1010 3x1010 4x1010 5x1010

0.2

0.4

0.6

0.8

v
0
 = 0.03226C0.1154  (R2 = 0.9989)

v 0
 (

m
o
l/(

L
m

in
))

Algae (cell/L)

v
0
 = 0.01411C0.1685  (R2 = 0.9876)

 
FIGURE 3 

Fitted curves of formation amount of 1O2 (A) and fitted curves of initial rate of 1O2 formation (B). 
 

TABLE 1 
Fitted equation of formation yield of 1O2. 

Algae (cells/L) Fitted equation  R2 v0 = a/b 

CV, 5 106  y = 8.36 et/44.26  8.74  0.9962 0.19 

CV, 5 108  y = 18.88 et/58.09  19.62 0.9906 0.33 

CV, 5 1010  y = 47.77 et/86.49  47.67 0.9998 0.55 

MA, 5 106  y = 1120.67 e-t/6845.28  1120.55 0.9927 0.16 

MA, 5 108  y = 75.91 e-t/172.02  75.96 0.9993 0.44 

MA, 5 1010  y = 98.87 e-t/111.22 + 99.12 0.9981 0.89 

 
 
Ultrasonic pretreatment (80 W, 25 ºC) was beneficial 
to formation of 1O2 and probably lead to release of 
active substance into water, and formation amount of 
1O2 increased with prolonging treatment time. 
Indicating that ultrasonic pretreatment did not 
destroy the structure of photosensitive substance and 
only break the cell wall of algae. 

 
Initial formation rate of 1O2 . Formation of 

1O2 should be a function of photosensitive substance 
inside algae cell under condition of constant 
illumination without biological effect. For different 
algae concentrations, initial formation rate of 1O2 
should also be different due to different contents of 
photosensitive substances.  

Formation yield of 1O2 was closely dependent 
on algae concentration and gradually increased with 
prolonging illumination time (Fig.3A). Trend of 
formation amount of 1O2 should be expressed with 
model of exponential growth (Eq.(1)), and the 
coefficients obtained from the model were presented 
Table 1.  

btaeyy /
0          (1)  

where y ( mol/L) is formation yield of 1O2; y0, 
a and b are coefficients of model. Initial formation 

rate of 1O2 (v0, mol/(L·min)) can be expressed with 
Eq. (2) via derivative of exponential growth function.  

b

a
e

b

a
v

dt

dy
t

bt
tt 0

/
000    (2)  

 
As listed in Table 1, formation yield of 1O2 

could be described with the speculated model well, 
and correlation coefficients R2 were above 0.99. The 
power function could basically express relationship 
between initial formation rate of 1O2 and algae 
concentration. Moreover, initial formation rate of 
1O2 should be an apparent initial rate since there have 
different formation pathways and complicated 
biochemical process. However, the macroscopic 
analysis of initial formation rate of 1O2 is necessary 
and essentially reveal formation characteristic of 1O2 
with concentration change of alga.  

 
Preliminary discussion of pathway. 

Formation of 1O2 in algae-laden water mainly relies 
on photosensitive substance via dismutation reaction 
or intersystem crossing effect, and the 
photosensitivities of chlorophyll and carotenoids 
have been acknowledged. In fact, algae cell also 
contain phycoerythrobilin, phycocyanobilin and 
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allophycocyanin etc., which can play the roles of 
light adsorption and energy transduction, thus these 
substance inside algae cell should be one of source 
for 1O2 (other pigments for short). Meanwhile, algae 
cell should release DOM with a huge variety of 
functional group (e.g., carboxylic, phenolic hydroxyl) 
[10]. Zepp et al. [14] indicated that the superoxide 
anion radical (O2

·) deriving from interaction e-
aq and 

O2 could lead to the formation 1O2 via participation 
of H+.  

Possible formation mechanism of 1O2 in algae-
laden water was summarized on the basis of 
aforementioned discussion, the main pathway of 1O2 
are shown in Fig. 4. Since the photosensitive 
substance inside algae cell, e.g., chlorophyll, 
carotenoids and phycoerythrobilin, can absorb light 
energy and further transfer, and the excited state of 
intermediates and/or pigments with energy 
subsequently occur, 1O2 could be finally produced by 
participation of O2 and/or H+ via dismutation or 
intersystem crossing. Especially, some 
photosensitive substances, e.g., carotenoids, 
phycoerythrobilin and phycocyanobilin, could 
indirectly interact with O2 and only absorb the light 
energy [15], and it then transfer excited energy to 
excited triplet state of substance, which still play an 
important role in absorption of photo during 
formation process of 1O2.  

Overall, oxidative activity of 1O2 formed in 
algae-laden water under illumination is similar to 
that of ·OH and can result in the degradation of 
organic pollutant, thus photochemical behavior of 
algae has an important influence to the natural water. 
So far, the explicit pathway for 1O2 except for the 
above main pathways is unclear via the analysis of 
photochemical model, further study is needed to 
explore participant inside algae cell and 

photochemical mechanism, and we continuously 
focus on this aspect and plan to dig for more 
information.  

 
 

CONCLUSION  

Algae could induce formation of large amount 
of 1O2 within short time under UV irradiation, and 
enhance of light intensity as well as suitable pH (pH 
7) and suitable temperature (25 °C) were prone to 
formation of 1O2. Meanwhile, Heat pretreatment for 
algae-laden water was unbeneficial to formation of 
1O2, whereas ultrasonic pretreatment was favorable. 
Model of exponential growth described formation 
process of 1O2 well, and relationship between initial 
formation rate and alga concentration could be 
expressed with the two-parameter exponential 
function. Possible main pathway of 1O2 formation 
was summarized, excited state of intermediate 
and/or pigments with energy subsequently resulted 
in formation of 1O2 with participation of O2 and/or 
H+.  
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FIGURE 4 
Main formation pathway of 1O2 in algae-laden water. 
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ABSTRACT 

 In this investigation, a series of some novel 2-
(2-hydroxybenzylideneamino)-5,7-dihydro-4H-
thieno[2,3-c]pyran-3-carbonitriles (4a-f) have been 
synthesized. These substances have all been 
examined for antibacterial activities against 
pathogenic strains Listeria  monocytogenes 4b, 
Staphylococcus aureus, Escherichia coli, 
Salmonella typhi H, Pseudomonas putida, Brucella 
abortus, Shigella dysenteriae. thype 7, 
Staphylococcus epidermis, Micrococcus luteus, 
Bacillus cereus, Enterobacter aerogenes and 
antifungal activity against Candida albicans. Most 
of the studied compounds were found effective 
against bacteria and yeast. Compound 4f exhibited 
activity against Pseudomonas putida, Brucella 
abortus, Staphylococcus aureus, Candida albicans 
and 4c Brucella abortus, Staphylococcus epidermis 
comparable to standard antibiotics. In addition, the 
anti-genotoxic activity of these substances was 
evaluated by a micronucleus (MN) test. Among the 
synthesized compounds, 4c was found to have the 
most anti-mutagenic effect against AFB1. It was also 
found that different concentrations of these 
substances suppressed the mutagenic effects of 
Aflatoxin B1 (AFB1) in the MN test (however 10 μM 
is the most effective dose). It seems that the 
antimutagenic effects of these substances may 
originate from their antioxidant potency or reaction 
of the aflatoxine lactone carbonyl functional group.    

 
 

KEYWORDS: 
Cycloalkylaminocyanothiophenes, Imines, Antimicrobial 
Activity, Antimutagenic effect  
 

 
INTRODUCTION 

Thiophene is a sulfur containing five-
membered aromatic heterocyclic ring which is 

widely distributed in nature and often plays an 
important role in various biochemical processes [1]. 
Thiophene derivatives are also an important 
structural fragment in many pharmaceutical and 
chemical compounds [2]. Furthermore, thiophenes in 
particular constitute an important class of 
compounds that attract medicinal chemists because 
of their wide applications in drug developments. For 
instance substituted 2-aminothiophenes can serve as 
anti tumor[3], anti-inflammatory [4], anti-microbial 
[5-6], antitubercular [7], antifungal [8] and 
antioxidant [9] agents. Aminothiophene 
carboxyamides have the potential to combat 
phytopathologenic diseases of plants and harvest 
food crops [10]. Substituted 2-aminothiophenes have 
also been found in wide applications in 
agrochemicals [11] and dyes [12]. The toxicity and 
the genotoxic activities of six thiophenes such as 
[benzo(b)] thiophene, dibenzothiophene, 
benzo(b)naphtha(2,1-d) thiophene, 6-
methylbenzo(b)naphtha(2,1-d)thiophene, dinaptho 
(2,1-b;1,2-d)thiophene, and diphenanthro(9,10-
b;9,10-d)thiophene in the liver human cell line 
(HepG2) were evaluated by DNA adduct detection. 
However the correlation between cytotoxicity and 
genotoxicity depending on the structure in HepG2 
cell was not able to be established.  The only result 
that has been reached is that only high doses of 
dibenzothiophene act as a genotoxic agent [13].  

So far various new thiophenes have been 
synthesized and screened biolocical properties in our 
laboratories. 2-[(Arylidene)amino]-
cycloalkyl[b]thiophene-3-carbonitriles and its metal 
complexes have been evaluated for their in vitro 
antifungal and antimicrobial properties. The 
antifungal activity of cyclohexyl ring fused to the 
thiophene ring of 2-[(arylidene)amino]-
cycloalkyl[b]thiophene-3-carbonitrile derivatives 
ranged from moderate to excellent [6,14]. The 
enthusiastic results and a few studies regarding the 
determination of genotoxic effects of thiophene or its 
derivatives promoted us to continue the 
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investigation.  
The above prompted us to synthesize and  a new 

series of 2-[(arylidene)amino]-cycloalkyl 
[b]thiophene-3-carbonitrile derived from 
aminothiophenes fused heteroatom containing 
cyloalkyl moiety with hydroxybenzaldehyde 
derivatives, thereby affording Schiff bases.  

 
 

MATERIALS AND METHODS 

Chemistry. All reagents for syntheses were 
commercially available and used without further 
purification or purified by standard methods prior to 
use. The melting points were determined using an 
Electrothermal 9100 apparatus (Thermo Fisher 
Scientific Inc. in Great Britain), uncorrected. All 
NMR spectra were recorded on a Bruker 400 (1H: 
400 MHz, 13C: 100 MHz) NMR spectrometer 
(Bruker Corporation, in Germany), in CDCl3 or 
DMSO-d6. Chemical shifts were reported in ppm 
relative to TMS as an internal standard; J in Hz. MS 
was obtained from Waters LCT Premier XE LTOF 
(TOF MS) instruments (Waters Corporation, Milferd 
MA, USA). FTIR spectra were recorded on a 
Mattson 1000 spectrometer (Mattson Instruments, 
Baton Rouge, Louisiana, United States) using KBr 
pellets. The progresses of reactions were monitored 
by TLC using Silufol UV-254 plates from Merck CO 
(Germany).  

 
General procedure for the synthesis of 2-

Amino-5,7-dihydro-4H-thieno[2,3-c]pyran-
carbonitrile. 2-Aminothiophene-3-carbonitrile 2 
was prepared with respect to the procedure described 
by Gewald and co-workers. A mixture of 1g (10.0 
mmol) of tetrahydro-4H-pyran-4-one, 0.67 g (10 
mmol) malononitrile, 0.32 g, (10 mmol) of sulfur, 
0.87 g (10 mmol) of morpholine and 10 mL of 
ethanol were mixed at room temperature. At first an 
exothermic reaction was observed, the reaction 
mixture was heated to 50-60 C for two hours then 
this mixture was poured into water. The resulting 
solid was collected and recrystallized from ethanol 
(yield 86% m.p.: 253-255

 
 
General procedure for the synthesis of 2-

[(Arylidene)amino]-cycloalkyl[b]thiophene-3-
carbonitriles 4a-f. A mixture of 
hydroxybenzaldehyde (salicylaldehyde) derivatives 
3a-f (1.0 mmol) and amine 2 (1.0 mmol) in 20 mL 
ethanol was refluxed for eight hours and then cooled 
to room temperature. The precipitated solid was 

collected, washed with cold ethanol and 
recrystallized. All imine compounds were prepared 
by using the same procedure. 

 
2-(2-Hydroxybenzylideneamino)-5,7-

dihydro-4H-thieno[2,3-c]piran-3-carbonitrile 4a: 
Yield 58%, m.p.: 205-208 C; IR (  cm-1):  3396 (-
OH), 2192 (-CN), 1610 (-C=N); 1H NMR (CDCl3, 

ppm 88 (1H,  s, OH), 8.54 (1H, s, N=CH-), 
7.41-6.98 (4H, m, Ar-H),  4.74 (2H, t, J: 1.7 Hz, -
OCH2-Ar), 4.03 (2H, t, J: 5.5 Hz, -OCH2-), 2.81 (2H, 
tt, J: 5.5; 1.7Hz, -CH2), 13C NMR (CDCl3, ppm): 
161.8, 161.3, 158.4, 134.9, 133.0, 132.8, 129.8, 
119.7, 118.3, 117.8, 113.3, 105.9, 64.8, 64.5, 24.8.
m/z calcd for C15H13N2O2S: 285.0698; found 
285.0681. Elemental Anal. Calcd for 
C15H12N2O2S.0.4H2O: C, 61.80; H, 4.43; N, 9.63; S, 
10.99. Found: C, 61.93; H, 4.06; N, 10.19; S, 10.63. 

 
2-(2-Hydroxy-5-methylbenzylideneamino)-

5,7-dihydro-4H-thieno[2,3-c]pyran-3-
carbonitrile 4b: Yield 62%, m.p.: 182-184 C; IR 
( , cm-1):  3456 (-OH), 2215 (-CN), 1622 (-C=N); 1H 
NMR (CDCl3, ppm 11.67 ( s 8.46 
(1H, s, N=CH-), 7.26-6.92 (3H, m, Ar-H), 4.71 (2H, 
s, -OCH2-Ar,), 4.00 (2H, t, J: 5.5 Hz,  -OCH2-), 2.77 
(2H, t, J: 5.5 Hz, -CH2-), 2.30 (3H, s, -CH3). 13C 
NMR (CDCl3, ppm): 161.8, 159.3, 158.6, 135.9, 
132.7, 129.6, 128.9, 117.9, 117.6, 117.5, 113.3, 
105.7, 64.8, 64.5, 24.8, 20.3. m/z calcd for 
C16H15N2O2S: 299.0854; found 299.0830. Elemental 
Anal. Calcd for C16H14N2O2S: C, 64.41; H, 4.73; N, 
9.39; S, 10.75. Found: C, 64.13; H, 4.55; N, 9.48; S, 
10.14. 

 
2-(5-Chloro-2-hydroxybenzylideneamino)-

5,7-dihydro-4H-thieno[2,3-c]pyran-3-carbo 
nitrile 4c: Yield 51%, m.p. : 230-232 C; IR (  cm-

1):  3461 (-OH), 2223 (-CN), 1600 (-C=N); 1H NMR 
(CDCl3, ppm 11.94 ( s 8.47 (1H, s, 
N=CH-), 7.27 (2H, m, Ar-H), 6.95 (1H, d, J: 8.4 Hz, 
Ar-H), 4.73 (2H, s, -OCH2-Ar ), 4.02 (2H, t, J: 5.5 
Hz, -OCH2-), 2.83 (2H, t, J: 5.5 Hz, -CH2-). 13C 
NMR (CDCl3, ppm): 161.8, 159.3, 157.6, 134.5, 
133.1, 131.6, 130.6, 124.4, 119.4, 119.1, 113.1, 
106.7, 64.8, 64.6, 24.8. m/z calcd for 
C15H12ClN2O2S: 319.0308; found 319.0293. 
Elemental Anal. Calcd for C15H11ClN2O2S.0.5H2O: 
C, 54.96; H, 3.69; N, 8.55; S, 9.78. Found: C, 54.58; 
H, 3.58; N, 9.19; S, 10.10. 

 
2-(5-Bromo-2-hydroxybenzylideneamino)-

5,7-dihydro-4H-thieno[2,3-c]pyran-3-
carbonitrile 4d: Yield 86%, m.p.: 258-260 C; IR 
( , cm-1):  3434 (-OH), 2219 (-CN), 1616 (-C=N); 1H 
NMR (CDCl3, ppm 11.90 ( s 8.47 
(1H, s, N=CH-), 7.54 (1H, s, Ar-H), 7.52 (1H, d, J: 
8.1 Hz, Ar-H), 6.98 (1H, d, J: 8.1 Hz, Ar-H), 4.75 
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(2H, t, J: 1.7 Hz, -OCH2-Ar), 4.04 (2H, t, J: 5.6 Hz, 
-OCH2-), 2.83 (2H, m, -CH2-). 13C NMR (CDCl3, 

ppm): 160.3, 160.2, 157.6, 137.3, 134.6, 133.1, 
130.6, 119.8, 119.7, 113.1, 111.2, 107.8, 64.8, 64.5, 
24.8. m/z calcd for C15H12BrN2O2S: 362.9803; found 
362.9807. Elemental Anal. Calcd for 
C15H11BrN2O2S.0.5H2O: C, 48.40; H, 3.25; N, 7.53; 
S, 8.61. Found: C, 47.98; H, 2.84; N, 7.64; S, 8.48. 

 
2-(3-Chloro-5-fluoro-2-hydroxybenzylidene 

amino)-5,7-dihydro-4H-thieno[2,3-c]pyran-3-
carbonitrile 4e: Yield 38%, m.p. : 244-246 C; IR 
(  cm-1):  3444 (-OH), 2220 (-CN), 1569 (-C=N); 1H 
NMR (CDCl3, ppm 12.21 ( s 8.47 
(1H, s, N=CH-), 7.32 (1H, dd, J: 2.8, 7.8 Hz, Ar-H), 
7.06 (1H, dd, J: 2.9, 7.8 Hz, Ar-H), 4.75 (2H, bs, -
OCH2-Ar,), 4.03 (2H, t, J: 5.5 Hz, -OCH2-), 2.81 
(2H, t, J: 5.5 Hz, -CH2-). 13C NMR (CDCl3, ppm): 
160.5, 157.7, 152.2, 132.3, 131.9, 121.8, 121.5, 
120.2, 116.4, 116.1 113.2, 106.3, 64.3, 63.7, 24.1. 
m/z calcd for C15H11ClFN2O2S: 337.0214; found 
337.0191. Elemental Anal. Calcd for 
C15H10ClFN2O2S: C, 53.50; H, 2.99; N, 8.32; S, 9.52. 
Found: C, 53.08; H, 2.86; N, 8.62; S, 8.93. 

 
2-(5-Fluoro-2-hydroxy-3-

methylbenzylideneamino)-5,7-dihydro-4H-
thieno[2,3-c]pyran-3-carbonitrile 4f:  

Yield 39%, m.p: 212-214 C; IR (  cm-1):  
3434 (-OH), 2221 (-CN), 1579 (-C=N); 1H NMR 
(CDCl3, ppm 11.91 ( s 8.44 (1H, s, 
N=CH-), 7.07 (1H, dd, J: 2.9, 8.7 Hz, Ar-H), 6.91 
(1H, dd, J: 3.0, 8.2 Hz, Ar-H), 4.74 (2H, t, J: 1.5 Hz, 
-OCH2-Ar), 4.03 (2H, t, J: 5.5 Hz, -OCH2-), 2.83 
(2H, m, -CH2-), 2.32 (3H, s, -CH3). 13C NMR 
(CDCl3, ppm): 160.8 (J4

CF: 5 Hz), 157.9-156.02 
(J1

CF: 194 Hz), 156.8, 153.7, 132.9, 130.2, 
129.1(J3

CF: 10 Hz), 123.0 (J2
CF: 31 Hz), 117.0 (J3

CF: 
11 Hz), 114.6 (J2

CF: 31 Hz), 113.2, 106.3, 64.8, 64.5, 
24.8, 15.8. m/z calcd for C16H14FN2O2S: 317.0760; 
found 317.0754. Elemental Anal. Calcd for 
C16H13FN2O2S: C, 60.75; H, 4.124; N, 8.86; S, 10.14. 
Found: C, 60.35; H, 3.88; N, 8.81; S, 9.72. 

 
Pharmacological screening. Test 

Microorganisms and Medium. The bacterial 
subcultures chosen were Listeria monocytogenes 4b 
ATCC19115, Staphylococcus aureus ATCC25923, 
Escherichia coli ATCC1280, Salmonella typhi H 
NCTC901.8394, Pseudomonas putida sp., Brucella 
abortus  RSKK03026, Staphylococcus epidermis 
sp., Micrococcus luteus ATCC9341, Shigella 
dysenteria type 7 NCTC9363,  Bacillus cereus 
RSKK-863, Enterobacter aerogenes sp. an 
antifungal susceptibility test was used by Candida 
albicans Y-1200-NIH, Tokyo.  

 
Detection of antimicrobial activity.  The 

synthesized compounds were examined for their 
antimicrobial activity by the well-diffusion method 

[15]. The seven samples were kept dry at room 
temperature and dissolved (0.1 μg/μL) in DMSO. 
DMSO was used as both solvent and control. It was 
found to have no antimicrobial activity against any 
of the tested organisms 1% (v/v) of a 24 h broth 
culture containing 106 CFU/mL was placed in the 
sterile Petri dishes. Mueller-Hinton Agar (MHA) (15 
mL) kept at 45 C was then poured in to the Petri-
dishes and allowed to solidify. Then wells of 6 mm 
diameter were punched carefully by using a sterile 
cork borer and were entirely filled with the test 
solutions. The plates were incubated for 24 h at 37 
C. On completion of the incubation period, the 

mean value obtained for the two holes was used to 
calculate the zone of growth inhibition of each 
sample. Bacterial subcultures and yeast were tested 
for resistance to five antibiotics produced by Oxoid 
Lt., Basingstoke, UK. These were: Ampicillin 
(prevents the growth of Gram-negative bacteria), 
Nystatin (binds to sterols in the fungal cellular 
membrane and alters the permeability  allowing 
leakage of the cellular contents), Kanamycin (used 
in molecular biology as an agent in isolating 
bacteria), Sulphamethoxazol (a bacteriostatic 
antibacterial agent that interferes with folic acid 
synthesis in susceptible bacteria), Amoxycillin (a -
lactam antibiotic used to treat bacterial infections 
caused by sensitive microorganisms). 

 
Antimutagenic  analysis. Peripheral blood 

lymphocytes were taken from four nonsmoking 
healthy donors between the ages of 26 and 28. 
Lymphocyte cultures were set up by adding 0.5 mL 
of heparinized whole blood to RPMI-1640 
chromosome medium supplemented with 15% heat 
inactivated fetal calf serum, 100 IU/mL 
streptomycin, 100 IU/mL penicillin and 1% L-
glutamine. Lymphocytes were stimulated to separate 
by 1% phytohemaglutinin. Aflatoxin B1 (AFB1; in 

-f; in concentrations 

just before incubation. The experiments were 
performed on 30 groups as listed (Table 1). 

  For MN analysis, cytochalasin B was added 
44 h after PHA stimulation to a final concentration 
of 3 g/mL. Twenty-eight hours later (after 72 h of 
culture), the cells were collected by centrifugation 
(900 x g, 10 min). The supernatant was removed, the 
cells were mixed thoroughly and 5 mL of cold 
hypotonic solution (0.05 M KCl) was added. The 
cells were subsequently incubated at 37 C for 20 
min and centrifuged again (900 g, 10 min).
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TABLE 1 
Experimental groups. 

 
Group 1: Control 
Group 2: 1 
Group 3: 2  
Group 4: 1 + 2 

 
Group 5: 1 + 2 (5 

 
Group 6: 1 + 2 

 

Group 7: 4a  
Group 8: 5 AFB1 + 4a (2.5  

 
Group 9: 1 + 4a (5 

 
Group 10: 1 + 4a (10 

g/mL) 
Group 11: 4b  
Group 12: 1 + 4b (2.5  

 
Group 13: 1 + 4b  (5 

 
Group 14: AFB1 + 4b(10 

 
Group 15: 4c  
Group 16: AFB1 + 4c (2.5 

 
Group 17: AFB1 + 4c (5 

 
Group 18: AFB1 + 4c (10 

 

Group 19: 4d  
Group 20:  AFB1 + 4d  
Group 21: AFB1 + 4d  
Group 22: AFB1 + 4d  
Group 23: 4e 20 M 
Group 24: 5 M AFB1 + 4e (2.5  g/mL) 
Group 25: 5 M AFB1 + 4e (5 g/mL) 
Group 26: 5 M AFB1 + 4e (10 g/mL) 
Group 27: 4f  
Group 28: AFB1 + 4f  
Group 29: AFB1 + 4f  
Group 30: AFB1 + 4f  

 

O

O
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FIGURE 1 
Synthesis of 2-[(Arylidene)amino]-cycloalkyl[b]thiophene-3-carbonitriles 4a-f derivatives. 

 
 

The pellet was mixed thoroughly and 5 mL fresh 
fixative (1: 3 acetic acid: methanol) was added 
dropwise. This fixation procedure was repeated three 
times and the tube was centrifuged again. The cell 
pellet was resuspended in 1 mL of fresh fixative, 
dropped on to a clean microscope slide, incubated at 
37 C or at room temperature overnight and stained 
with Giemsa dye. Coded slides were scored blind by 
two independent individuals. Only binucleated cells 
were scored for MN analysis. For each subject, at 
least 2000 binucleated cells were analyzed for the 
presence of MN. For the MN scoring, the 
micronucleus criteria were used: a diameter less than 
1/3 of the main nucleus, non-refractility, not 
touching, and with the same color as the nucleusor 
lighter [16]. 

 The statistical analysis of MN frequencies was 
performed by use of the chi-square test. P < 0.05 was 
accepted as statistically significant. For these 
procedures, SPSS 11.5 for Windows (SPSS Inc., 

Chicago, Illinois, USA) was used. 
 
 
RESULTS AND DISCUSSION 

 
Chemistry. To improve the biological 

activities of the imines 2-(2-
hydroxybenzylideneamino)-5,7-dihydro-4H-
thieno[2,3-c]piran-3-carbonitrile, we have outlined 
the synthesis of a series of oxygen heteroatom 
containing cyclohexyl fused thiophene N- 
arylideneimine derivatives. In fact, therapeutic 
agents containing thiophene have attracted the 
attention of researchers because these hetero 
aromatic compounds show various biological 
activities. 

2-amino-5,7-dihydro-4H-thieno[2,3-c]pyran-3-
carbonitrile (2) in high yield [17]. The latter 2-
amino-3-cyanothiophene 2 was condensed with the 
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substituted 2-hydroxybenzaldehyde derivatives 3 
which contain a phenolic unit.  Under reflux in an 
ethanol solution the corresponding 2-(2-
hydroxybenzylideneamino)-5,7-dihydro-4H-
thieno[2,3-c]piran-3-carbonitrile (4a-f) derivatives 
4a-f were obtained (Scheme 1). Structural 
assignment of compounds 2 and 4a-f were based on 
the IR, 1H NMR, 13C NMR and Mass spectral data 
and CHN analysis.  

 
Biological activity and anti-mutagenic effect. 

The synthesized compounds (2 and 4a-f) were 
screened for in vitro antibacterial and antifungal 
activity in DMSO solvent as a control substance. The 
compounds were tested with the same concentrations 
in DMSO solution (0.1 μg/μL). All the synthesized 
compounds and antibiotics exhibited varying 
degrees of inhibitory effects on the growth of 
different tested strains (Table 2).  

The results of antibacterial screening indicated 
that 2-amino-5,7-dihydro-4H-thieno[2,3-c]pyran-
carbonitrile (2) having the free amino group showed 
activity against most of the strains especially E. coli 
(23 mm). Compounds 2, 4a, 4c and especially 4f 
were the most potent growth inhibitors against Br. 
abortus with a zone value of 26 mm. Br. abortus is a 
gram-negative bacterium that causes premature 
abortion of  cattle fetus [18], in addition  it is a human 
pathogen which  is  a very  serious, debilitating and 
sometimes chronic disease that may affect a variety 

of organs [19]. 
Methyl substituted N-hydroxybenzylidene 

thienopyrancarbonitrile 4b showed the most 
inhibitor activity against B. cereus and E. aerogenes. 
Compound 4c (chloro-substituted at C-5 position on 
the aryl- ring) showed activity against S. epidermis 
(gram-).  The bromo derivative, 4d, was the most 
active against Sh.dys. .typ 7 which can cause 
shigellosis (bacillary dysentery). Compound 4e 
having a fluoro- and chloro- substituents on the aryl- 
ring was found to be the most active against S. typhi 
H and M. luteus. Furthermore, Salmonella serovars 
cause very diverse clinical symptoms, from 
asymptomatic infection to serious typhoid-like 
syndromes in infants or certain highly susceptible 
animals. All synthesized compounds show 
antifungal activity against C. albicans.  

The azole antifungals are a group of fungistatic 
agents with broad-spectrum activity. The inhibition 
mechanism of azoles is found reversible inhibition of 
lanosterol 14-alpha demethylase (cytochrome P450 
51) which converts lanosterol to ergosterol. 
Decreasing of ergosterol in yeast and fungi damages 
the cell membrane resulting in cell death. CYP51 is 
found in all biological kingdoms and the CYP51 
active site consists of a large hydrophobic binding 
subsite above heme and two hydrophilic H-bond 
binding subsites with several polar positively 
charged amino acid residues (Ly and His). The core 
scaffold of lanosterol

 
TABLE 2 

Biological activity of compounds (2, 4a-f) (0.1 μg/mL) and standard reagents  
(diameter of zone inhibition (mm)). 

 Microorganisms    2 4a 4b 4c 4d 4e 4f Control 
 
 
 
 
     
Gram 
  (-) 

Sh.dys. typ 7 15 16 12 - 18 14 13 - 
P.putida 13 12 11 12 - - 18 - 
S.typhi H 14 12  - 13 12 16 14 - 
Br. abortus 22 21 16 21 15 17 26 - 
E.coli 23 16 12 13 11 16 14 - 
E. aerogenes 15 11 20 15 - 13 15 - 

 
 
   
Gram 
  (+) 

S.aureus 
 
S.epidermis 
 

13 
 
20 

17 
 
15 

15 
 
11 

- 
 
20 

- 
 
12 

14 
 
17 

18 
 
14 

- 
- 

L.monocytogenes4b 12 11 11 12 - - 11 - 
M.luteus 12 - - 15 13 17 - - 
B.cereus 16 13 19 14 12 16 17 - 

 Yeast C. albicans 28 21 22 25 21 25 24 - 
  Positive control      S.aureus   P.putida   E.coli   S.typhi H   Br. abortus   C.albicans 
                K30                    25            14             25           20               -               - 
                SXT25               24            18             18           17               -               - 
                AMP10              30             8              10           11               -               - 
                AMC30              30            15             14           19              -               - 
                NYS100              -                -              -              -                -               20 
SXT25, Sulphamethoxazol 25μg; AMP10, Ampicillin 10μg; NYS100, Nystatin 100μg 
; K30,   Kanamycin 30μg;  AMC30, Amoxycillin 30μg.  
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subsite above the porphyrin ring heme. Nitrile, 
thiophene and furan reactive functional groups 
causing irreversible binding to CYPs behaved 
similar to lanosterol [20-21]. While compound 2, 
which has an amine functional group, is the most 
active C. albicans inhibitor with a zone value of 28 
mm (positive control Nystatin 100 value is 20 mm), 
compounds 4c, 4e and 4f are also active inhibitors 
against C.albicans as non-azole compounds with 
zone values of 25, 25 and 24 mm, respectively. is the 
most active C albicans inhibitor with a zone value of 
28 mm (positive control Nystatin 100 value is 20 
mm), compounds 4c, 4e and 4f are also active 
inhibitors against C.albicans as non-azole 

compounds with zone values of 25, 25 and 24 
mm, respectively. The hydrophobic parts of 
compounds 2, 4c, 4e and 4f, which consist of nitrile 
at C-3 of the thiophene ring and thiophene functional 
groups, were located above the active site of the 
heme porphyrin ring of CYP51 and interacted with 
Tyr118, Thr122, Phe126, Met306, Leu376, Phe380, 
Met508 and Val 509 through van der Waals 
interactions. Amino group in compound 2 and the 
hydroxyl- and electronegative halogen atom(s) 
(chlorine, bromine and/ or fluorine atom) 
substituents on the aryl- ring of compounds 4c, 4e 
and 4f were orientated towards a hydrophilic pocket.

 
TABLE 3 

Comparison the effects on the number of MN different concentrations of 2 and  4a- f together  
with AFB1 in human peripheral lymphocytes (aP< 0.05compared with control,  

fP < 0.05 compared with AFB1 p). 
 Counted 

  of MN 
Sight  
of 
MN 

MN/Cell  Counted 
of MN 

Sight 
of 
MN 

MN/Cell 

Control 1012 30 2.99±0.18a Control 1002 32 3.19±0.18a 

AFB1 5 μM 1004 51 5.07±0.18ef AFB1 5 μM 1002 55 5.49±0.18f 

 1012 49 4.88±0.18de  1004 50 4.98±0.21de 

AFB1(5μM)+2 
 

1013 48 4.78±0.18d AFB1(5μM)+ 
 

1007 49 4.87±0.20d 

AFB1(5μM)+2 
 

1009 42 4.28±0.18c AFB1(5μM)+ 
 

1008 44 4.37±0.19c 

AFB1(5μM)+2 
 

1011 39 3.88±0.18b AFB1(5μM)+ 
 

1008 40 3.97±0.19b 

Control 1000 24 2.4±0.2a Control 1000 21 2.10±0.15a 

AFB1 5 μM 1000 44 4.4±0.2f AFB1 5 μM 1000 40 4.0±0.21f 

) 1000 34 3.4±0.2cd  1000 32 3.2±0.15cd 

AFB1(5μM)+ 
 

1000 38 3.8±0.2e AFB1(5μM)+ 
 

1000 35 3.5±0.15de 

AFB1(5μM)+ 
 

1000 33 3.3±0.2bc AFB1(5μM)+ 
 

1000 30 3.0±0.15c 

AFB1(5μM)+ 
 

1000 30 3.0±0.2b AFB1(5μM)+ 
 

1000 26 2.6±0.15b 

Control 1008 26 2.57±0.25a Control 1010 28 2.77±0.21a 

AFB1 5 μM 1008 43 4.27±0.25ef AFB1 5 μM 1010 49 4.85±0.21ef 

 1008 40 3.97±0.25cd  1010 39 3.86±0.21cd 

AFB1(5μM)+4d 
 

1008 40 3.99±0.25de AFB1(5μM)+4e 
 

1010 42 4.5±0.21e 

AFB1(5μM)+4d 
 

1008 36 3.57±0.25bc AFB1(5μM)+4e 
 

1010 36 3.56±0.21bc 

AFB1(5μM)+4d 
 

1008 33 3.27±0.25b AFB1(5μM)+4e 
 

1010 31 3.06±0.21ab 

Control 1012 27 2.67±0.12a     
AFB1 5 μM 1012 49 4.84±0.12f     

 1012 44 4.35±0.12de     
AFB1(5μM)+4f 

 
1012 42 4.15±0.12d     

AFB1(5μM)+4f 
 

1012 38 3.75±0.12c     

AFB1(5μM)+4f 
 

1012 35 3.46±0.12b     
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Because of these features, the amino group and 
electronegative atoms can form interactions between 
the positive Lys residues. The results obtained in our 

work [22].  
MN test systems, AFB1 was used as a positive 

control. 
MN formations on peripherally lymphocytes. It was 
determined that AFB1 is a robust genotoxic agent and 
carcinogen which cause chromosomal aberrations 
(CA), micronucleus (MN) and sister chromatid 
exchange (SCE) in human cells [23]. On the other 

after treatment with 2 and 4a-f (P < 0.001 and < 
0.05). Our study shows that all concentrations of 
substances effects MN frequency but it was also 

. In 

doses of substances possess genotoxic effects (Table 
3).  

 The mechanism of protective action of these 
compounds against AFB1 can be related to the 
detoxification methods of aflatoxin or antioxidant 
activity.  One of the detoxification methods of 
aflatoxin in the literature is treatment with ammonia 
in the gaseous phase or in solution. The first step of 
this reaction is the opening of the aflatoxine lactone 
ring with ammonium hydroxide, so that the 
aflatoxine lactone ring converts into its carboxylic 
acid salt. Then the second step takes place and thus 
AFB1 is converted into potentially much less 
mutagenic compounds [24]. Similarly, the reaction 
of the phenolic hydroxyl groups in our synthesized 
compounds with the aflatoxine lactone carbonyl may 
produce ester aflatoxine derivatives and reduce the 
effects of aflatoxine. The antimutagenic effects of 
these substances may be related to their role in 
enzymatic activation systems. In addition, it is 
probably related to the antioxidant property of 
substances which is known to protect against the 
damage caused by oxygen radicals. Phenolic 
compounds thereby have significant antioxidant 
activity [25].  

 
 

CONCLUSIONS 

 In this study, 2-(2-
hydroxybenzylideneamino)5,7-dihydro-4H-
thieno[2,3-c]piran-3-carbonitrile (4a-f) derivatives 
were synthesized by reaction of 2-aminothiophene-
3-carbonitrile 2 and hydroxybenzaldehyde 
derivatives  3a-f, and there in vitro antimicrobial 
properties were evaluated against several pathogenic 
bacteria,  C. albicans as a fungi. We have also 
studied the inhibitory effects of these substances 
against the mutagenity of AFB1. Both electron 
donating and electron withdrawing groups on the 
aryl- ring of the compounds, influenced AFB1 

activity. However the compounds possessing 
electronegative substituents such as fluorine and/or 
chlorine on the aryl- ring have shown the best anti-
mutagenic and antibacterial properties. 
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ABSTRACT 

The purpose of our study is to evaluate 
antibacterial acitivity of the methanolic extracts of 
14 medicinal plants 8 of which are endemic species 
to Anatolia using the Disc diffusion assay. By disk 
diffusion assay, the antibacterial activity of plant 
extracts was evaluated by using the noncytotoxic 
concentrations for Vero cell line determined by 
MTT assay. The methanolic extracts were evaluated 
for antibacterial activity against 9 standart strains 
(Escherichia coli ATCC 25922, Pseudomonas 
aeruginosa ATCC 27853, Bacillus subtilis ATCC 
6633, Klebsiella pneumoniae ATCC 4352, 
Staphylococcus aureus ATCC 25923,  
Staphylococcus marcescens ATCC 13880, 
Escherichia faecalis ATTC 29212, Staphylococcus 
enteretidis ATCC 13076 and Proteus mirabilis 
ATCC 14153) and 11 environmental strains 
(S.aureus F1, F2, F3, Serratia marcescens F4, F5, 
F6, F7, P. aeruginosa F8, F9, P. spp. and 
Salmonella spp.). It was found that three plant 
extracts from the 14 plants studied had antibacterial 
activity. Olea europaea L. plant inhibited the 
growth of Staphylococcus aureus F1 environmental 
strain, Cotinus coggygria plant inhibited the growth 
of Staphylococcus aureus, Escherichia coli, 
Bacillus subtilis, Enterococcus faecalis, Salmonella 
enteretidis, Proteus mirabilis standard strains and 
Staphylococcus aureus F1, Staphylococcus aureus 
F2,  Staphylococcus aureus F3 environmental 
strains and Rosa damascena plant inhibited the 
growth of Staphylococcus aureus F3 environmental 
strain. 
 
 
KEYWORDS: 
Antibacterial activity, methanolic extracts, disk diffusion 
assay, MTT method 
 
 
INTRODUCTION 

Plants form an integral part in traditional 
medicinal practices in all cultures worldwide and a 

sizeable portion of the world population uses plant 
for prevention and management of different kinds 
of ailments. A complete storehouse of remedies has 
been provided by nature to cure ailment of mankind 
(1). The use of plants and plant products as 
medicines could be traced as far back as the 
begining of human civilization. The earliest 
mention of medicinal use of plants are found in 

between 4500-1600 B.C. and is supposed to be the 
oldest repository of human knowledge. From over 
300.000 species of higher plants to ocur in nature, 
only about 2 percent have been screened so far (2). 

The medicinal value of plants lies in some 
chemical substances that produce a definite 
physiological action on the human body. The most 
important of these bioactive compounds of plants 
are alkaloids, flavonoids, tannins and phenolic 
compounds (3). According to World Health 
Organization (WHO) medicinal plants would be the 
best source to obtain a variety of drugs. There is a 
continuous and urgent need to discover new 
antimicrobial compounds with diverse chemical 
structures and novel mechanisms of action for new 
and re-emerging infectious diseases. Therefore, 
researchers are increasingly turning their attention 
to folk medicine, looking for new leads to develop 
beter drugs against microbial infections (2).  

Medicinal plants are rich sources of 
antimicrobial agents. Many infectious diseases have 
been known to be treated with herbal extracts. The 
clinical efficacy of many existing antibiotics is 
being threatened by the emergence of multidrug 
resistant pathogens. Although, many plant species 
have been tested for antimicrobial properties, the 
majority of them have not been sufficiently 
evaluated. As an alternate source to the existing 
antibiotics, there is an urgent need to discover new 
antimicrobial compounds from various medicinal 
plants which can be used to treat many infectious 
diseases (4). 
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TABLE 1 
List of plants used in the current study. 

Botanical name Family Specimen 
number 
(ISTE) 

Plant part 
used 
 

Districts of 
collection 

Crataegus microphylla C. Koch Rosaceae 76223 Leaves Gölcük-Bolu 
Teucrium sandrasicum O. Schwarz  
(Endemic) 

Lamiaceae 
87526 
 

Aerial parts 
-

 
Centaurea nerimaniae  
(Endemic) 

Asteraceae 98163 Aerial parts Mersin 

Olea europaea L. Oleaceae 106286 Leaves 
-

 
Salvia hypargeia Fisch.& Mey. 
(Endemic) 

Lamiaceae 98205 Aerial parts Mersin 

Cotinus coggygria Scop. Anacardiaceae 80926 Leaves  
Hypericum kotshcyanum Boiss. 
(Endemic) 

Hypericaceae 98173 Aerial parts Mersin 

Nepeta italica L. Lamiaceae 98192 Aerial parts Mersin 
Stachys cretica L. subsp. vacillans 
Rech. Fil 

Lamiaceae 98166 Aerial parts Mersin 

Scorzonera tomentosa L. (Endemic) Asteraceae 98954 Aerial parts Malatya 

Origanum sipyleum L. (Endemic) Lamiaceae 86060 Aerial parts Mersin 
Rosa damascena Miller Rosaceae 106285 Flowers Isparta 
Colchicum sanguicolle K.M. Perss 
(Endemic) 

Colchicaceae 48868 Cormus Antalya 

Centaurea antiochia Boiss. var. 
praealta (Boiss. & Bal) Wagenitz 
(Endemic) 

Asteraceae 98247 Aerial parts Mersin 

 
 

MATERIALS AND METHODS  
 
Plant selection and collection. 14 medicinal 

plants were chosen for in vitro cytotoxicity and 
antibacterial activity testing by considering 
previous literature reviews and ethnobotanical 
information. The selected plants, which some of  
them are endemic, belong to different family groups 
were collected from different districts of Turkey ( 
Table 1). 

 
Preparation of extracts. The dried plant 

material (Crataegus microphylla, Teucrium 
sandrasicum, Centaurea nerimaniae, Olea 
europaea, Salvia hypargeia, Cotynus coggygria, 
Hypericum kotshcyanum, Nepeta italica, Stachys 
cretica subsp. vacillans, Scorzonera tomentosa, 
Origanum sipyleum, Rosa damascena, Centaurea 
antiochia var. praealta) were percolated with 
methanol (95%) in a room temperature. The 
methanolic extracts (ME)  were evaporated to 
dryness under pressure and controlled temperature 
(40 to 50  C) in a rotary evaporator. The dried 
cormus of Colchicum sanguicolle were extracted 
with methanol (95%) in a Soxhlet apparatus. The 
ME was evaporated to dryness under pressure and 
controlled temperature (40 to 50 C) in a rotary 
evaporator. All the extracts were kept at -20  C 
and then were lyophilized. By this way, crude 

dissolved in disstilled water, afterwards diluted in 
 

 
Cell culture. The normal African green 

monkey kidney epithelial (Vero) cell lines were 

supplemented with an antibiotic-antimycotic 
mixture penicillin (100 U/mL), streptomycin (100 

g/mL), amphotericin B (0,25 g/mL) , and 10% 
fetal bovine serum. Vero cells were maintained in a 
humidified atmosphere containing 5 % CO2 at 
37 C.  

 
In vitro cytotoxicity assay. The cytotoxicity 

assays were performed according to the 
microculture MTT method (5). The cells were 
harvested (2,0  2,8 x 105 cells/well) and inoculated 
in 24 well plates. The cells were washed with 
phosphate buffered saline and the cultured cells 
were then inoculated with and without the extract 
(final extract concentrations are ranged 5-1000 

g/mL). After 72 h incubation, the medium is 
aspirated. 150 L of MTT solution (5 mg/mL in 
PBS, pH 7,2) is added to each well and the plates 
incubated for 4 h at 37 C.  After incubation, 750 

L of dimetyl sulfoxide was added to each well of 
plates, followed by gentle shaking to solubilize the 
formazan dye for 15 min. Absorbance was read at 
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540 nm using a photometer and surviving fraction 
calculated. The cell viability was calculated by 
means of the formula:  

 
% viability = (Absorbancy of extracts treated cells / 
Absorbancy of control cells) x 100.  
 

TABLE 2 
Noncytotoxic concentrations of plant extracts 

used in disc diffusion assay. 

Plants 
Concentrat
ion 
(μg/mL) 

Crataegus microphylla C. Koch 500 

Teucrium sandrasicum O. 
Schwarz  (Endemic)  

50 

Centaurea nerimaniae  
(Endemic) 

500 

Olea europaea L. 500 

Salvia hypargeia Fisch.& Mey. 
(Endemic) 

500 

Cotinus coggygria Scop. 500 

Hypericum kotshcyanum Boiss. 
(Endemic) 

50 

Nepeta italica L. 250 

Stachys cretica L. subsp. 
vacillans Rech. fil 

50 

Scorzonera tomentosa L. 
(Endemic) 

50 

Origanum sipyleum L. (Endemic)
  

500 

Rosa damascena Miller 500 

Colchicum sanguicolle K.M. 
Perss (Endemic)  

250 

Centaurea antiochia Boiss. var. 
praealta (Boiss. & Bal) Wagenitz 
(Endemic) 

500 

 
All experiments were performed in triplicate 

and mean values were used for calculation. 
Spectrophotometric determinations were performed 
using  Quant Universal Microplate 
Spectrophotometer (Bio-Tek) and data was 
statistically processed by KCJunior Data Program.  

 
Bacterial strains. In this study, it has been 

used 9 standart strains (Escherichia coli ATCC 
25922, Pseudomonas aeruginosa ATCC 27853, 
Bacillus subtilis ATCC 6633, Klebsiella 
pneumoniae ATCC 4352, Staphylococcus aureus 
ATCC 25923,  Staphylococcus marcescens ATCC 
13880, Escherichia faecalis ATTC 29212, 
Staphylococcus enteretidis ATCC 13076 and 
Pseudomona smirabilis ATCC 14153) and 11 
environmental strains (S.aureus F1, F2, F3, Serratia 
marcescens F4, F5, F6, F7, P. aeruginosa F8, F9, 
P. spp. and Salmonella spp.). 

Evaluation of Antibacterial Activity by Disc 
Diffusion Assay. Antibacterial activity was based 
on the disc diffusion assay using a cell suspension 
of microorganisms (6,7,8). The concentration of the 
cell suspension was equilibrated to a 0.5 McFarland 
standard and 10
suspension was spead on a Mueller-Hinton agar 
plate. In addition, noncytotoxic concentration of 
methanolic extracts were pipetted onto sterile paper 
discs (6 mm diameter), which were allowed to dry 
in an open sterile Petri dish in a biological laminar 
flow bench. Control disc was prepared with sterile 
water. Standard antibiotic discs (Ampicillin 10μg, 
Cefotaxime 30μg, Erythromycin 15μg, Gentamicin 
10μg, Methicillin 10μg, Penicillin G 10 units, 
Polymyxin B 300 units, Vancomycin 30 μg) were 
obtained commercially. All discs were placed on 
the surface of inoculated plates and incubated at 37 
°C for 24 h. The diameters of the zones of bacterial 
inhibition were measured to the nearest millimeter. 
All experiments were performed in triplicate.  

 
 

RESULTS AND DISCUSSION 

According to World Health Organization 
(WHO), the increase of resistance to antibiotics by 
bacterial pathogens is a growing problem in both 
developed and developing countries. The problem 
of microbial resistance is growing and the outlook 
of the use of antimicrobial drugs in future is 
uncertain. Therefore, action must be taken to reduce 
this problem, for example, to control the use of 
antibiotics, to develop research to better 
understanding of the genetic mechanism of 
resistance and to continue study to develop new 
drugs either synthetic or natural (9). 

In recent years, further concerns about the 
possible spread of bacterial resistance in bacteria 
isolated from food and the environment has been 
proposed. Antibiotics are used widely in animal 
products during the past centuries. Excessive and 
uncontrolled use of antibiotics as routine 
supplements could lead to an increase in the number 
of antibiotic resistant bacteria. Although due to 
awareness of antibacterial resistance in humans 
with the use of antibiotics in animal feed may have 
suggested that ultimately limits their use in 
European countries but today these ideas are being 
used via acceleration of much attention worldwide 
to evaluate natural aternatives to antibiotics (7). 
Most of the current antibiotics have considerable 
limitations in terms of antimicrobial spectrum, side 
effects and their widespread overuse has led to 
increasing clinical resistance of previously sensitive 
microorganisms and to the occurrence of 
uncommon infections (10). Hence, there is  need to 
look for alternative strategies for the management 
of resistant bacteria and one of the possible 
strategies towards this objective involves rational 
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localization of bioactive phytochemicals which 
have antibacterial activity and this may be one of 
the important approaches for the containment of 
antibiotics resistance (11). 

A renewed interest in plant based 
antimicrobials has arisen during the last twenty 
years, but still plant based antimicrobials are poorly 
explored. Screening of plants extracts for 
antimicrobial activity has shown that higher plants 
represent a potential source of new anti-infective 
compounds. The antimicrobial compounds from 
plants may inhibit bacteria through different 
mechanism than the conventional antibiotics, and 
could therefore be of clinical value in the treatment 
of microbial infection. Plants are important source 
of potentially useful structures for the development 
of new chemotherapeutic agents. The first step 
towards this goal is the in vitro antibacterial activity 
assay. Crude plant extracts are generally a mixture 
of active and non-active compounds. The herbal 
based phytomedicine have large therapeutic 
applications since they can have less side effects 
when compared with synthetic antimicrobials (9). 
The cytotoxic effect of each extract was examined 
with the cell viability of Vero cells.  Some plant 
extracts have cytotoxic activity in different degrees 
(data not shown). The concentrations selected for 
antimicrobial activity tests were noncytotoxic 
concentration (Table 2).  

According to our results, only 3 of 14 
medicinal plant extracts showed antibacterial 
activity in noncytotoxic concentrations. The 
antibacterial activities were produced to different 
extents by the methanolic extracts of Olea europaea 
L., Cotinus coggygria Scop. and Rosa damascena. 
Although Cotinus coggygria Scop.  inhibited the 
growth of nine bacteria, Olea europaea L. and Rosa 
damascena inhibited one bacteria (Table 3). It was 
found that the inhibition zone of tested bacteria 
against plant extracts have changed between 7-11 
mm. However, the inhibition zone of same bacteria 
against standard antibiotics was found between 11-
40 mm. 

Antimicrobial substances are desirable tools in 
the control of undesirable microorganisms 
especially in the treatment of infections and in 
preservation of food. The active components 
usually interfere with the growth or metabolism of 
microorganisms in a negative manner (10). The 
effects produced by Olea europaea L., Cotinus 
coggygria Scop. and Rosa damascena are however 
lower than the antibiotics used in the study; but this 
suggests that higher concentrations of these plant 
extracts could produce comparable antibacterial 
results since the noncytotoxic concentrations are 
only used. Our findings suggest that the 
antibacterial activity is not due to the cytotoxic 
activity of extracts. 

 
TABLE 3 

Antibacterial activity of the methanolic extracts. 
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Staphylococcus aureus                     - 11 - 34 33 28 24 29 41 11 20 - 
Bacillus subtilis  - 9 - 37 40 35 33 37 37 15 28 - 
Enterococcus faecalis  - 8 - 28 15 20 16 10 16 - 20 - 
Escherichia coli   - 9 - 22 35 - 25 - - 17 - - 
Proteus mirabilis  - 11 - 28 39 - 24 - 22 - - - 
Klebsiella pneumoniae  - - - - - - - - - - - - 
Pseudomonas aeruginosa  - - - - - - - - - - - - 
Serratia marcescens  - - - - - - - - - - - - 
Salmonella enteritidis  - 11 - 27 30 12 24 - 13 15 - - 
Staphylococcus aureus F1 7 11  23 40 35 29 25 21 14 20 - 
Staphylococcus aureus F2 - 9 - 38 32 28 22 26 16 - 20 - 
Staphylococcus aureus F3 - 11 9 16 29 30 22 26 16 - 19 - 
Serratia marcescens F5 - - - - - - - - - - - - 
Serratia marcescens F6 - - - - - - - - - - - - 
Serratia marcescens F7 - - - - - - - - - - - - 
Psuedomonas aeruginosa F8 - - - - - - - - - - - - 
Psuedomonas aeruginosa F9 - - - - - - - - - - - - 
Pseudomonas spp. F10 - - - - - - - - - - - - 
Salmonella spp. F11 - - - - - - - - - - - - 

     -  
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CONCLUSION 
 
Many medicinal plants may be used as a 

reponse to specific health problems. As can be seen 
in this study three plants extracts showed different 
levels of potency against all the tested 
microorganisms. The methanolic extracts of these 
three plants may help in the cure of diseases caused 
by these organisms (12).  The methanolic extract of 
Cotinus coggygria Scop. showed antibacterial 
potency against Escherichia coli, Bacillus subtilis, 
Enterococcus faecalis, Salmonella enteretidis, 
Proteus mirabilis, Staphylococcus aureus and its 
evironmental strains. Staphylococcus aureus is an 
important cause of human skin and soft tissue 
infections (SSTIs) worldwide (13,14). Therefore, 
the extract of Cotinus coggygria Scop. may be used 
as an agent for the treatment of these diseases. 
Escherichia coli, Bacillus subtilis, Enterococcus 
faecalis, Salmonella enteretidis, Proteus mirabilis 
can be controlled by the extract of Cotinus 
coggygria Scop., as well. 
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ABSTRACT 

Nonylphenol (NP) is an endocrine disruptor, 
and its environmental distribution and ecological 
risks have drawn widespread concerns. In this study, 
the distribution of NP was investigated in the waters 
of Jiaozhou Bay (JZB) in Qingdao, China in April 
2007 and August 2009. The predicted no-effect 
concentration (PNEC) was calculated as the criterion 
for ecological risk assessment of NP based on the 
toxic experiments of NP on five dominant 
phytoplankton species in JZB (Skeletone 
macostatum, Chaetoceres curvisetus, Pseudo-
nitzschia pungens, Dunaliella salina, and 
Platymonas helgolanidica). Results showed that the 
concentrations of NP in JZB ranged from 23.6 ng/l 
to 192.9 ng/l in April 2007 and from 18.5 ng/l to 
179.3 ng/l in August 2009. High NP levels were 
observed in northeast and northwest JZB. The PNEC 
for NP in seawater was 79.0 ng/l, which was 
calculated using the EC50 value of C. curvisetus 
because of its higher sensitivity compared with the 
other algae species. The risk quotients of NP in the 
waters of JZB ranged from 0.23 to 2.44, with an 
average of 0.76, thereby implying a significant risk 
for aquatic ecosystems in some areas of JZB. 

 
 

KEYWORDS:  
Nonylphenol, Jiaozhou Bay, distribution, ecological risk 
assessment 

 
 

INTRODUCTION 

In the environment, nonylphenol (NP)  mainly 
originates from the degradation of nonylphenol 
polyethoxylates (NPnEO), a class of non-ionic 
surfactants that is widely used in industrial and 
household applications, such as detergents, 
pesticides, plastic additives, and wetting agents [1, 

2]. Compared with its parent compounds, NP is more 
lipophilic and toxic. Numerous studies have 
indicated that NP can have harmful effects to 
humans and wildlife by interfering with the 
endocrine system [3 10]. NP is listed as one of the 
priority persistent toxic substances that should be 
controlled by the United Nations Environment 
Program. In China, the annual production of NP 
reaches 31,434 tons, which approximately accounts 
for 10% of the total world production [11]. NP enters 
into water bodies through the discharge of effluents 
from sewage treatment plants. Investigating the 
distribution characteristics and ecological risks of 
NP in aquatic ecosystems is important considering 
the harmful effects of NP on humans and wildlife. 

The risk quotient (RQ), which is defined as the 
ratio of predicted environmental concentration (PEC) 
to predicted no-effect concentration (PNEC), is 
generally used in ecological risk assessment [12]. 
PEC values can be obtained through model 
prediction or environmental monitoring. PNEC 
values can be determined using the assessment factor 
(AF) method, the statistical extrapolation method 
based on species sensitivity distributions (SSD) [13], 
and other models [14]. The AF method is simple to 
use and feasible when toxicity data are limited. 
However, PNEC estimation with minimum toxicity 
value and a certain factor exhibits considerable 
uncertainty. PNEC values obtained using the SSD 
method are more reliable and reasonable since the 
estimates are based on a full of toxicity data set. To 
date, several reports on the PNEC or water quality 
criteria of NP worldwide have been presented [15, 
16]. However, no water quality criterion or PNEC 
for NP has been established in China, which 
inevitably hinders the ecological risk assessment of 
this pollutant in the country. Gao et al. built an SSD 
model for estimating the PNEC of NP and assessed 
the ecological risks of the pollutant in the coastal 
waters of China using PNEC as the water quality 
criterion [11]. However, different ecosystems have 
varying dominant species and the acceptable effect 
levels of NP for different species, even those 
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belonging to the same category, vary significantly. 
Therefore, the PNEC calculated using SSD model 
built with the toxicity data of NP on aquatic 
organisms screened from the ECOTOX database of 
the US Environmental Protection Agency (EPA) 
does not possess the regional features of China. 
Wang et al. presented a 3D model and applied it to 
estimate the no detected toxic effect concentration 
(NDEC) with a percentile confidence interval [14]. 
In this model, the PNEC (referred to as NDEC) can 
be directly estimated using the measured toxicity 
data of the pollutant on local dominant species used 
in the experiment. This approach avoided the 
considerable uncertainties of the AF method and 
enabled PNEC estimation using the toxicity data of 
the pollutant on local dominant species. Hence, it is 
regarded as a promising method for determining the 
PNEC value of a specific aquatic ecosystem in China. 

Jiaozhou Bay (JZB) is located in the southern 
part of the Shandong Peninsula; it has an average 
depth of 7 m and a surface area of 360 km2 [17]. JZB 
is a typical semi-enclosed bay. It is surrounded by 
Qingdao City and connected to the Yellow Sea 
through a narrow channel that is seriously affected 
by anthropogenic activities. The water quality of 
JZB has deteriorated with the rapid economic 
development and the fast increasing population of 
Qingdao during the past two decades. Numerous 
studies have been conducted to determine the 
pollution status of JZB, and some of these studies 
have focused on the contamination level and 
ecological risk of NP [18, 19]. However, reports on 
PNEC based on toxicity experiments of NP 
conducted on local dominant species in JZB remain 
lacking [20]. In the present study, we investigate the 
distribution characteristics of NP in JZB and assess 
its ecological risks. For this purpose, surface water 
samples from JZB were collected and analyzed in 
April 2007 and August 2009. Five dominant 
microalgae in JZB were selected to test the toxic 
effects of NP on their growth rates and to obtain the 
PNEC value for ecological risk assessment using the 
model developed in [14]. 

 
 

MATERIALS AND METHODS 

Materials. Five species of algae (Skeletone 
macostatum, Chaetoceres curvisetus, Pseudo-
nitzschia pungens, Dunaliella salina, and 
Platymonas helgolanidica) were obtained from the 
college of Marine Life Science of the Ocean 
University of China. Seawater was collected from 
JZB to cultivate the algae. 

 
Chemicals and Standards. NP, a mixture of 

compounds with different side chains, and 4-tert-

butylphenol (recovery standard), both of technical 
grade, were purchased from Tokyo Kasei Kogyo Co., 
Ltd., Japan. Dichloromethane, methanol, acetone, 
and hexane, at high-precision liquid chromatography 
grade, were purchased from Fisher Chemical, USA. 
C18-solid phase extraction (SPE) cartridges were 
obtained from Agilent Technologies, USA. 

 
Sampling Sites and Sample Collection. 

Surface water samples from JZB were collected 
from 7 stations in April 2007 and from 22 stations in 
August 2009 (Fig. 1). Subsequently, 2 l filtered 
(GF/F, 0.45 μm) water sample was placed in an 
amber glass bottle with a Teflon-lined cap. Then, 
HCl solution (6 M) was added to achieve a pH of 2 
to inhibit microbiological activities. The samples 
were stored at 4 °C until pretreatment. Detailed 
information on the sampling sites is listed in Table 1.  

 

FIGURE 1 

Locations of the sampling sites 

 
Extraction. The extraction procedure for the 

target compounds is as follows. First, the C18-SPE 
cartridges were consecutively conditioned under 
vacuum with hexane (10 ml), dichloromethane (10 
ml), methanol (10 ml), and nanopure water (10 ml). 
Then, the acidized water samples were spiked with a 
surrogate standard (4-tert-butyl phenol) and passed 
through the C18-SPE cartridges under vacuum at a 
flow rate of 10 15 ml/min. Finally, the C18-SPE 
cartridges were eluted with 10 ml 
dichloromethane/methanol (8:2, v/v). The extracts 
were concentrated to 1 ml under a gentle nitrogen 
stream before gas chromatography (GC) mass 
spectrometry (MS) analysis. 
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TABLE 1 
Detailed information of the sampling sites. 

 
Station Longitude Latitude NP/ng/l RQ Sampling time 

S1   40.49 0.51 2007.4 
S2   36.06 0.46 2007.4 

S3   23.62 0.30 2007.4 

S4   165.9 2.10 2007.4 

S5   192.9 2.44 2007.4 

S6   34.25 0.43 2007.4 

S7   35.84 0.45 2007.4 

1   98.3 1.24 2009.8 

2   69.8 0.88 2009.8 

3   45.2 0.57 2009.8 

4   37.9 0.48 2009.8 

5   47.3 0.60 2009.8 

6   179.3 2.27 2009.8 

7   103.5 1.31 2009.8 

8   24.3 0.31 2009.8 

9   31.7 0.40 2009.8 

10   72.3 0.92 2009.8 

11   36.7 0.46 2009.8 

12   18.5 0.23 2009.8 

13   71.9 0.91 2009.8 

14   40.5 0.51 2009.8 

15   33.3 0.42 2009.8 

16   40.2 0.51 2009.8 

17   43.5 0.55 2009.8 

18   41.2 0.52 2009.8 

19   39.3 0.50 2009.8 

20   44.5 0.56 2009.8 

21   45.7 0.58 2009.8 

22   42.5 0.54 2009.8 

 

 
Quantification via GC MS. GC MS analysis 

was performed using a Hewlett-Packard 6890 gas 
chromatograph connected to a 5973 mass 
spectrometer. The target compounds were separated 
via GC with an HP-5MS (30 m × 0.32 mm i.d. × 0.25 

lm thickness) quartz capillary column. Helium 
gas was used as the carrier gas at a flow rate of 1 
ml/min. The temperature program was initialized at 
50 °C and subsequently increased to 180 °C at 
20 °C/min. Then, it was increased to 200 °C at 
2 °C/min (2 min), and finally increased to 280 °C at 
30 °C/min (2 min). Afterward, the sample was 
injected in splitless mode at 280 °C. The selected ion 
monitoring mode was used for quantitative analysis. 

 
Quality Assurance and Quality Control. The 

surrogate standard (4-tert-butyl phenol) was added 

into each sample before extraction. The recoveries of 
NP and the surrogates were 87% 95% and 74%
108%, respectively, both within the range of 70%
120%. Good reproducibility of determination was 
obtained with a relative standard deviation of less 
than 9%. The method detection limit for NP was 0.8 
ng/l.  

 
Algae Growth Inhibition Experiment and 

NPEC Calculation. The testing toxicity effect of 
chemical 
invertebrates, and algae, is a universal method to 
determine the safety effect concentration in an 
ecosystem. Chronic and acute toxicities of NP on 
aquatic organisms have been reviewed in [21, 22]. 
Algae appear to be more sensitive to NP than 

Thus, five dominant algae 



© by PSP  Volume 25  No. 12/2016, pages 5424-5431    Fresenius Environmental Bulletin  

5427 
 

 

species in JZB, namely, S. macostatum, C. curvisetus, 
P. pungens, P. helgolanidica, and D. salina, were 
selected as test species for the algae growth 
inhibition experiment by NP. The marine algae were 
cultivated in f/2 medium with 
temperature of 20±2 °C [23], a light intensity of 3000 
Lux, and a light/dark cycle of 12:12. The algae were 
then inoculated in 500 mL Erlenmeyer flasks with a 
starting cell density of 105 cells/ml. Each culture had 
two replicates. The NP dissolved in acetone was 
diluted with acetone to provide the desired 
concentrations of NP in the growth media. The series 
concentrations of NP for the five algae were fixed 
based on the preliminary results. Two contrast tests 
for blank control and acetone control were also 
performed. The measurement of algae density was 
repeated thrice per replicate using a hemacytometer 
every 24 hours. The EC50 value was calculated from 
the concentration via probit 
analysis [24]. The PNEC value was calculated using 
the 3D model constructed in [14] based on the 
minimum EC50. 

 
Statistical Analysis. Statistical significance 

was established at P  0.05 via one-way ANOVA. 
All statistical analyses were performed on MATLAB 
7.0. 

 
 

RESULTS AND DISCUSSION 

NP Concentrations in JZB Seawater. The NP 
concentrations in the surface water of JZB ranged 
from 23.6 ng/l to 192.9 ng/l in April 2007 and from 
18.5 ng/l to 179.3 ng/l in August 2009. These results 
are close to the values ranging from 20.2 ng/l to 
268.7 ng/l reported in [18] and higher than those in 
the South China Sea (<20 40 ng/l) [25], the 
Lingdingyang (<10 14 ng/l) [26], Bohai Bay (33
132 ng/l) [27], the German Bight of the North Sea 
(0.7 4.4 ng/l) [28], and Ariake Sea (11 49 ng/l) [29], 
but considerably lower than those observed in the 
coastal waters of Spain (<0.15 ) [30], 
Singapore (320 2760 ng/l), [31] and Morro Bay 

[32].  
In terms of spatial distribution, the NP 

concentrations in the northeastern area of JZB were 
generally higher than those in the northwestern area 
of the bay. Meanwhile, the NP concentrations in the 
central area and at the mouth of JZB were lower than 
those in the other areas of the bay (Fig. 2). On the 
one hand, the stations in the northeastern area of JZB 
are closer to the river mouths of Moshui River, 
Baisha River, Licun River, and Haibo River. These 
rivers pass through the main industrial area of  

 

 

FIGURE 2 
The distribution of NP in the surface water of 

the Jiaozhou Bay in April 2007 (A) and in 
August 2009 (B) 

 
Qingdao and receive large amounts of industrial 
effluents and domestic sewage [33].On the other 
hand, the relatively lower NP levels in the 
northwestern area of JZB may be attributed to less 
pollutant sources and the clockwise tidal current in 
JZB. The capacity of transporting pollutants to the 
west is relatively weak because of the clockwise tidal 
current [19]. Thus, the northwestern area of the bay 
was less polluted. The NP concentrations at the 
mouth of the JZB were considerably lower because 
of the rapid exchange with the open ocean [19]. The 
NP levels in the central bay were also low because 
of the distance from the pollutant sources. However, 
the NP levels in the northwestern area of JZB were 
considerably higher than those in the central bay. 
This result is mainly caused by inputs from Dagu 
River, which is located in the northwestern coast of 
JZB and accounts for 84% of the total freshwater 
input to JZB [34]. 
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PNEC Estimation Based on the Toxicity 
Data of NP on the Dominant Algae in JZB. Figure 
3 presents the growth characteristics of five 
dominant algae in JZB under different NP 
concentrations. In general, the growth rate of the five 
algae decreased and some even became negative 
with increasing NP concentrations. The inhibitory 
effects increased with NP concentrations. In the 
exposure test, the growth rate of S. macostatum 
became negative after 24 h at a low NP concentration 
of 0.15 mg/l and increased gradually in the following 
48 h. When NP concentration was higher than 1.2 
mg/l, growth was completely inhibited. The growth 
pattern of P. pungens was similar to that of S. 
macostatum. When NP concentration was above 
0.15 mg/l, the growth rate of P. pungens became 
negative after 24 h. However, complete inhibition 
was observed only at an NP concentration of 0.60 
mg/l. The growth of P. pungens was completely 
inhibited when NP concentration was 2.5 mg/l. The 
growth of D. salina exhibited an obvious reduction 
after 24 h at any tested NP concentration. Its 
complete inhibition was observed at a concentration 
of 5.0 mg/l. P. helgolanidica was more tolerant to 
NP than the other four algae. It only exhibited a 
negative growth after 24 h at concentrations of 5 
mg/l and 10 mg/l. Complete inhibition was not 
observed at the tested concentrations. 

The 96h-EC50 values were calculated from the 
concentration
analysis. The 96h-EC50 values of S. costatum and C. 
curvisetus were close to each other, i.e., 0.37 mg/L 
and 0.32 mg/L, respectively, which were both higher 
than the 96h-EC50 values of S. costatum and C. 
curvisetus provided in [35] (0.13 mg/l and 0.22 mg/l 
for S. costatum and C. curvisetus, respectively). The 
96h-EC50 value of P. Pungens was 0.86 mg/l. 
However, the 96h-EC50 values of D. salina and P. 
helgolanidica were evidently higher than those of 
the other three algae, i.e., 1.03 mg/l and 2.60 mg/l, 
respectively. The 96h-EC50 of D. salina in this study 
was lower than the result from [36] (1.47 mg/l). Thus, 
the inhibition effect decreased in the order of C. 
curvisetus > S. costatum > P. Pungens > D. salina > 
P. helgolanidica. This result indicated that C. 
curvisetus is more sensitive to NP than the other four 
tested algae. Compared with the other reported 96h-
EC50 values of NP on common algae in China, such 
as Chlorella vulgaris (14.86 mg/l) [37], Phaeocystis 
globosa (0.42 mg/l) [38], and Selenastrum 
capricornutum (1.05 mg/l) [39], C. curvisetus is 
relatively sensitive to NP than the other tested algae 
species in the coastal water of China.  

 

 

 

 

 

 

FIGURE 3 
Growth curves of five marine microalgae under 

different NP concentrations. 
A: Skeletone macostatum; B: Chaetoceres 
curvisetus; C: Pseudo-nitzschia pungens; 

D: Dunaliella salina; E: Platymonas 
helgolanidica 
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On the basis of the minimum 96h-EC50 data of 
C. curvisetus, which was more sensitive to NP 
toxicity, the PNEC value (79.0 ng/l) was calculated 
using the model constructed in [14]. This result is 
higher than the PNEC value estimated in [35] (56.0 
ng/l) and nearly one-third of the PNEC value 
estimated using the SSD model in [11] (0.28 ), 
which is based on the toxicity data of NP on aquatic 
organisms screened from the ECOTOX database of 
the US EPA. 

 
Ecological Risk Assessment. As mentioned 

earlier, RQ was used for ecological risk assessment 
of NP. If the RQ value is higher than one in a region, 
then implementing certain actions to reduce 
ecological risks is necessary. The results indicate that 
the RQs in the seawater of JZB ranged from 0.23 to 
2.44, with an average value of 0.76. Among the 
stations with RQs higher than one, four were located 
in the northeastern bay and one was located in the 
northwestern bay, thereby implying a significant 
ecological risk of NP in these areas. 

 
 

CONCLUSIONS 

This study investigated the distribution of NP 
in the waters of JZB in April 2007 and August 2009. 
It assessed the ecological risk of NP by using PNEC, 
which was calculated from the toxicity data of NP on 
five dominant species of microalgae in JZB, as the 
criterion. The results showed that the NP 
concentrations in JZB ranged from 23.6 ng/l to 192.9 
ng/l in April 2007 and from 18.5 ng/l to 179.3 ng/l in 
August 2009. Meanwhile, the PNEC for NP, which 
was calculated via the EC50 value of C. curvisetus 
because of its higher sensitivity compared with the 
other algae, was 79.0 ng/l. The RQs of NP in the 
waters of JZB ranged from 0.23 to 2.44, with an 
average of 0.76. Low NP levels were detected in the 
central bay and at the mouth of JZB, thereby 
indicating no significant ecological risks in these 
areas. By contrast, high NP levels were observed in 
the northeastern bay and the northwestern bay 
adjacent to a river mouth, thereby implying a 
significant ecological risk for aquatic ecosystems in 
these areas. Therefore, NP should be monitored 
further to prevent it from inducing additional 
biological effects on JZB. 
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ABSTRACT 

Soil respiration and enzyme activities reflect 
the biochemical functioning and nutrient cycling in 
soil. Knowledge regarding them can be useful in 
describing changes due to land use, land cover 
system and defining management strategies for 
restoring soil ecosystem functioning. In the present 
study, carbon dioxide evolution and enzymatic 
activities in soil were studied in four land use 
systems viz. sugarcane field, rice field, forest land 
and pasture land from Sujanpur village near 
Bhawanipatna town of Kalahandi, Odisha, India 
during April 2013 to November 2013. The study 
showed that carbon dioxide evolution and protease 
activity is decreasing in the order: Forest land > 
Rice field > Pasture land > Sugarcane field. 
Invertase activity was found to be highest in rice 
field (8.93 μg glucose/g dry wt./h) with the lowest 
value in pasture land (6.71 μg glucose/g dry wt./h) 
while, urease activity was found to be highest in 
agricultural land i.e. rice and sugarcane field (0.63 
and 0.60 μg urea/g dry wt./h respectively) than in 
pasture (0.49 μg urea/g dry wt./h) and forest land 
(0.39 μg urea/g dry wt./h). Phosphatase (acid and 
alkali) and dehydrogenase activity was maximum in 
forest (1.04, 0.83 mg PNP/g dry wt./h and 57.53 μg 
TPF/g dry wt./h  respectively) and minimum in 
pasture land (0.61, 0.38 mg PNP/g dry wt./h and 
48.68 μg TPF/g dry wt./h  respectively). The result 
however, showed insignificant variation in carbon 
dioxide evolution and enzyme activities with 
respect to different land use practices and hence 
confirm a very slow degradation of soil quality till 
today from the course of transformation to 
agricultural land. 

 
 

KEYWORDS: 
Land use, Soil ecosystem functioning, carbon dioxide 
evolution, enzyme activities 

 
 

INTRODUCTION 

Soil sustains life on earth by providing a base 

for agriculture and plant growth. It also helps in 
sustenance of forest by providing it with raw 
materials for its life by recycling the leaf litters, 
wood debris and dead animals [1]. Plant litter 
decomposition is accompanied by stimulation of a 
succession of soil enzymes [2, 3, 4]. However, land 
use changes like forest clearing and conversion of 
forest into cultivable land may result in changes of 
soil physical, chemical and biological 
characteristics [5]. 

Soil is a complex system with the physical, 
chemical and biological properties of it being in 
dynamic equilibrium. Studies of soil respiration and 
its enzymatic activities provide valuable 
information regarding the biochemical processes in 
soil. Enzymatic processes are a part of respiration 
pathways of soil micro-organisms and are closely 
related to the type of soil and soil air-water 
conditions [6, 7, 8]. Enzymes also play a critical 
role on various biogeochemical cycles [9, 10, 11]. 
Soil biochemical parameters indicate the ecological 
stress or restoration [12] and management induced 
changes in soil quality [13]. 

Carbon is stored in the soil organic matter and 
is respired by plants, bacteria, fungi and animals 
[14]. Soil enzyme activities are sensors of soil 
degradation since they integrate information about 
microbial status and physicochemical conditions 
[15, 16]. Measurements of enzymatic activities 
have also been used to test the soil biological 
fertility [17]. Therefore, it is necessary to assess the 
carbon dioxide evolution and enzymatic activities 
of soil under natural and artificial conversion to 
reason the change in soil quality. 

 
 

MATERIALS AND METHODS 

Geographical Location Of Study Area. The 
study area belongs to the Sujanpur village near 
headquarter town of Bhawanipatna in the district of 
Kalahandi, Odisha,India. The study includes four 
land use systems viz. Pasture land site  
(19o o which is 2 km 
away from the Bhawanipatna town towards 
Sujanpur village, whereas,  the rest three sites viz.  
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FIGURE 1 

Seasonal variation in CO2 Evolution (mg CO2/m2/h) of soil in different land  
use systems during 2013 

 

 
FIGURE 2 

Seasonal Variation in Invertase activity (μg glucose/g dry wt./h) of soil in different  
land use systems during 2013 

 
Sugarcane field (19o o

Rice field (19o o

Forest land (19o o

the village area of Sujanpur which is 5 km away 
from Bhawanipatna town. 

 
Sampling And Soil Analysis. The sampling 

was done thrice during the year 2013 i.e. during 
Pre-monsoon (April), Monsoon (August) and Post-
monsoon (November). The soil samples were taken 
using a cylindrical soil sampler. The sampler was 
inserted into the soil and samples were taken from 
the surface layer (0  10 cm) at 5 different locations 
(replicas) from each field (land use) by random 
sampling method. The soil samples were then 
packed in air-tight zip lock bags and kept inside the 
ice bucket. The ice buckets containing the samples 
were quickly transported to the laboratory and the 
analysis of requisite amount of fresh soil was used 
for enzyme analysis. 

Carbon dioxide evolution was measured under 
field condition by inverted box method [18]. The 
upper vegetation of the soil was carefully cleared 
without disturbing the underground vegetation. 25 
ml of 0.1 N KOH was taken in a beaker and a glass 
jar was placed over it in an inverted position in the 
pre cleaned area. The setup was left as such for 1 
hour. Then the jar was removed and 10 ml of 
saturated barium chloride (BaCl2) was added to the  

 
beaker to fix the sample. The sample was then 
titrated against 0.1 N HCl using phenolphthalein 
indicator. Simultaneously another setup was run as 
control without any soil in it. The carbon dioxide 
evolution in soil was expressed in mg CO2/m2/h. 

Invertase activity was measured according to 
[19]. 0.2 ml of toluene, 
(pH 5.5) and 6 ml of 5% (w/v) Sucrose solution was 
added to 2 grams of fresh sieved soil sample. The 
contents were mixed properly and were incubated at 
37o C for 24 hours followed by the addition of 2 ml 
of 3,5 dintrosalicylic acid to 1 ml of the supernatant 
solution. The yellow orange color intensity was 
measured by the spectrophotometer at 540 nm. The 

dry wt./h. 
Protease activity was measured according to 

[20]. As per the method, 0.2 ml of toluene and 10 
ml of tris buffer with sodium caesinate were added 
to 2 grams of fresh sieved soil sample. The contents 
of both the flasks were swirled for few seconds and 
then incubated at 37o C for 2 hours followed by 
addition of 4 ml of TCA, 3 ml of sodium carbonate 
and 
the supernatant was measured by the 
spectrophotometer at 700 nm. The activity of 
protease was expressed in mg tyrosine/g dry wt./h. 

Phosphatase (acid and alkaline) activity was 
measured according to [21]. 0.2 ml toluene, 4 ml of 



© by PSP  Volume 25  No. 12/2016, pages 5432-5439  Fresenius Environmental Bulletin  

5434 

Modified Universal Buffer((MUB), pH 6.5 for acid  
phosphatase and pH 11 for alkaline phosphatase 
and 1 ml of p-nitro phenyl phosphate solution was 
added to 1 gram of fresh sieved soil. The flask was 
then incubated at 37o C for 1 hour followed by the 
addition of 1 ml of 0.5 M CaCl2 and 4 ml of 0.5 M 
NaOH. The yellow color intensity of the filtrate was 
measured by the spectrophotometer at 420 nm. The 
activity of the phosphatase (acid and alkaline) was 
expressed in mg PNP/g dry wt./h. 

Urease activity was measured according to 
[21]. 5 ml of urea solution was added to 5 grams of 
wet soil sample and incubated for 5 hours at 37o C 
followed by the addition of 50 ml of 2M KCl + 
phenyl mercuric acetate (PMA) solution, 10 ml of 
KCl + PMA solution and 30 ml of the freshly 
prepared color reagent (Diacetyl monoxime (DAM) 
+ Thiosemicarbazide (TSC) + Acid reagent). The 
reddish color intensity was measured by the 
spectrophotometer at 527 nm. The urease activity 
was expressed in μg urea/g dry wt./h. 

Dehydrogenase activity was measured by 
triphenyl formazone (TPF) method [22]. 0.1 gram 
of CaCO3, 1 ml of 3% 2,3,5 triphenyl tetrazolium 
chloride (TTC) was added to 3 grams of fresh soil 
sample and incubated at 37o C for 24 hours 
followed by the addition of 10 ml of methanol. The 
reddish color intensity was measured by the 
spectrophotometer at 485 nm taking methanol as 
blank. The activity of dehydrogenase was expressed 
in  

RESULTS AND DISCUSSION 

Results. Table 1 shows the range and mean 
values of different parameters of the soil samples in 
various land use practices. The highest CO2 
evolution was observed in forest land (4392.01 mg 
CO2/m2/h) during the monsoon and minimum in 
pasture land (504.57 mg CO2/m2/h) during the pre-
monsoon (Fig. 1). Irrespective of seasons the lowest 
level of carbon dioxide evolution was observed in 
sugarcane field (1170.59 mg CO2/m2/h) and the 
highest level of it was observed in the forest land 
(2334.99 mg CO2/m2/h). This confirms to the fact 
that in natural condition the microbial activity is 
also high. 

Maximum invertase activity was found in rice 
field (13.12 ) during 
monsoon season and the minimum activity was 
found in the pasture land (3.98 
wt./h) during the pre-monsoon (Fig. 2). Irrespective 
of seasons, the least activity of invertase was 
observed in pasture land (6.71 
wt./h) whereas, the highest activity was found to be 
in rice field (8.93 ). This may 
be due to the fact that the moisture content in the 
rice field was more as compared to forest land.  

Protease activity was at its peak in forest land 
(2.60 mg tyrosine/g dry wt./h) during post monsoon 
season while its lowest activity was found in

TABLE 1 
Range and Mean ± SD values of different parameters in various land use practices 

  Sugarcane Rice Forest Pasture 

  Range 
Mean ± 
SD Range 

Mean ± 
SD Range 

Mean ± 
SD Range 

Mean ± 
SD 

CO2 Evolution 
(mg CO2/m2/h) 

798.45 
- 
1838.09 

1170.59 
± 
473.04 

648.74 
- 
2409.12 

1779.09 
± 
801.03 

1167.50 
- 
4392.01 

2334.99 
± 
1458.95 

504.57 
- 
2533.53 

1253.61 
± 
909.41 

Invertase (μg 
glucose/g dry 
wt./h) 

4.66 - 
12.63 

7.52 ± 
3.62 

5.71 - 
13.12 

8.93 ± 
3.10 

4.82 - 
9.79 

7.79 ± 
2.14 

3.98 - 
10.16 

6.71 ± 
2.57 

Protease (mg 
tyrosine/g dry 
wt./h) 

0.94 - 
1.49 

1.27 ± 
0.24 

1.22 - 
1.64 

1.47 ± 
0.18 

1.59 - 
2.60 

1.98 ± 
0.44 

1.30 - 
1.58 

1.48 ± 
0.13 

Acid 
Phosphatase 
(mg PNP/g dry 
wt./h) 

0.38 - 
1.16 

0.76 ± 
0.32 

0.28 - 
1.09 

0.73 ± 
0.34 

0.60 - 
1.90 

1.04 ± 
0.61 

0.46 - 
0.77 

0.61 ± 
0.13 

Alkaline 
Phosphatase 
(mg PNP/g dry 
wt./h) 

0.10 - 
0.62 

0.44 ± 
0.24 

0.11 - 
0.68 

0.47 ± 
0.26 

0.27 - 
1.84 

0.83 ± 
0.71 

0.33 - 
0.45 

0.38 ± 
0.05 

Urease (μg 
urea/g dry 
wt./h) 

0.34 - 
0.91 

0.60 ± 
0.23 

0.17 - 
0.92 

0.63 ± 
0.32 

0.15 - 
0.77 

0.39 ± 
0.28 

0.20 - 
0.85 

0.49 ± 
0.27 

Dehydrogenase 
(μg TPF/g dry 
wt./h) 

43.38 - 
67.41 

56.87 ± 
10.03 

42.46 - 
67.06 

51.26 ± 
11.20 

46.48 - 
73.64 

57.53 ± 
11.65 

40.15 - 
62.30 

48.68 ± 
9.74 
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FIGURE 3 

Seasonal variation in Protease activity (mg tyrosine/g dry wt./h) of soil in different land  
use systems during 2013 

 

 
FIGURE 4 

Seasonal variation in Acid Phosphatase activity (mg PNP/g dry wt./h) of soils in different land  
use systems during 2013 

 

 
FIGURE 5 

Seasonal variation in Alkaline Phosphatase activity (mg PNP/g dry wt./h) of soils in different  
land use systems during 2013 

 
sugarcane field (0.94 mg tyrosine/g dry wt./h) 
during the pre monsoon (Fig. 3). Irrespective of 
seasons, the highest protease activity was observed 
in forest land (1.98 mg tyrosine/g dry wt./h) which 
justifies the fact that high level of organic matter 
might be present in this land use system whereas, 
least activity was observed in sugarcane field (1.27 
mg tyrosine/g dry wt./h). This might have been due 
to low microbial activity in sugarcane field. 

Maximum phosphatase (both acid and alkali) 
activity were found in forest land (1.90 and 1.84 mg  
PNP/g dry wt./h for acid and alkaline phosphatase 
respectively) during the post monsoon and 
minimum activities were found in rice field (0.28  

 
and 0.11 mg PNP/g dry wt./h for acid and alkaline 
phosphatase respectively) during the pre monsoon 
(Fig. 4 and 5). The highest phosphatase activity was 
found in forest land (1.04 and 0.83 mg PNP/g dry 
wt./h for acid and alkaline phosphatase 
respectively) whereas, the lowest levels were found 
in pasture land (0.61 and 0.38 mg PNP/g dry wt./h 
for acid and alkaline phosphatase respectively)  
irrespective of seasons. This might have resulted 
from the high organic matter content in the forest 
land as compared to the pasture land. 

Urease showed highest activity in rice field 
(0.92 μg urea/g dry wt./h) during post monsoon and 
its lowest activity was found in forest land (0.15 μg
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FIGURE 6 

Seasonal variation in Urease activity (μg urea/g dry wt./h) of soils in different land  
use systems during 2013 

 

 
FIGURE 7 

Seasonal variation in Dehydrogenase activity (μg TPF/g dry wt./h) of soils in different land  
use systems during 2013 

 
urea/g dry wt./h) during post monsoon (Fig. 6). In 
the study area, the highest activity was determined 
in rice field whereas (0.63 μg urea/g dry wt./h), the 
lowest level of it was found in forest land (0.39 μg 
urea/g dry wt./h) irrespective of the seasons. 
Although organic matter content is lower in pasture 
land than that of forest land, this enzyme activity 
was found high in pasture land than the forest land. 
This case can be explained that pasture lands in the 
study area have been used for grazing and hence, 
animal liquid and solid manure including urea 
contaminate might have accumulated in the soil. 

Dehydrogenase activity declined from natural  
condition i.e. forest land (73.64 μg TPF/g dry wt./h) 
during the post monsoon to that in the pasture land 
(40.15 μg TPF/g dry wt./h) during the pre monsoon 
(Fig. 7). The present study showed that irrespective 
of seasons, the high level of dehydrogenase activity 
was found in the forest land (57.53 μg TPF/g dry 
wt./h) and lowest level of it was observed in the 
pasture land (48.68 μg TPF/g dry wt./h). This may 
be due to the fact that the forest land might have 
been rich with organic matter. 

The data for each parameter was subjected to 
two-way ANOVA to see whether significant 
difference exist with respect to different land use  
 

 
and seasons at 0.05 confidence limit and is given in 
Table - 2. From the table it is evident that protease 
and alkaline phosphatase activities do not show 
significant difference with respect to both land use 
practice and seasons (F1 2 
while, carbon dioxide evolution, invertase, acid 
phosphatase, urease and dehydrogenase activities 
show significant difference with respect to seasons 
only (F2  

A correlation matrix is also worked out and 
given in Table - 3 considering all the parameters 

marked with an asterisk (*) represents strong 
positive or negative correlation at 0.05 level of 
significance. Carbon dioxide evolution was found 
to show positive correlation with protease, acid and 

alkaline phosphatase showed a positive correlation 

0.05). On the contrary protease showed a negative 
-

0.815, p < 0.05). 
 
Discussion. Carbon dioxide evolution is a 

measure of soil fertility and is governed by the 
presence of microbial population in soil. 
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TABLE 2 
Two way ANOVA for different parameters between various land use practices and seasons 

Parameters Source of 
Variation 

SS df MS FCal Ftab at 

0.05 
S or 
NS 

CO2 Evolution 
Between Land use 2615659.29 3 871886.43 1.81 4.76 NS 
Between Seasons 8579694.94 2 4289847.47 8.93 5.14 S 

Invertase 
Between Land use 7.56 3 2.52 1.42 4.76 NS 
Between Seasons 91.19 2 45.59 25.70 5.14 S 

Protease 
Between Land use 0.83 3 0.28 4.27 4.76 NS 
Between Seasons 0.51 2 0.26 3.95 5.14 NS 

Phosphatase 
(Acid) 

Between Land use 0.30 3 0.10 1.10 4.76 NS 
Between Seasons 1.26 2 0.63 6.96 5.14 S 

Phosphatase 
(Alkali) 

Between Land use 0.38 3 0.13 0.81 4.76 NS 
Between Seasons 0.95 2 0.47 3.01 5.14 NS 

Urease 
Between Land use 0.11 3 0.04 0.97 4.76 NS 
Between Seasons 0.70 2 0.35 9.32 5.14 S 

Dehydrogenase 
Between Land use 167.38 3 55.79 3.54 4.76 NS 
Between Seasons 1275.04 2 637.52 40.43 5.14 S 

 
TABLE 3 

Correlation matrix among different parameters in various land use practices 

  
CO2 
Evolution Invert. Prot. 

Phosph. 
(Acid) 

Phosph. 
(Alkali) Urease DHA 

CO2 
Evolution 1.000 

Invert. 0.472 1.000 

Prot. 0.908* 0.063 1.000 
Phosph. 
(Acid) 0.845* 0.261 0.809 1.000 
Phosph. 
(Alkali) 0.915* 0.218 0.917* 0.976* 1.000 

Urease -0.574 0.450 -0.862* -0.601 -0.716 1.000 

DHA 0.397 0.145 0.337 0.811 0.669 -0.243 1.000 
   

 
In the present study, the forest land shows highest 
carbon dioxide evolution (2334.99 mg CO2/m2/h), 
that confirms that under natural condition the 
microbial activity is optimum and this result 
supports the findings of [23]. 

Invertase plays an essential role in the carbon 
transformation and carbon cycle in soil, which 
hydrolyses soil carbohydrates to provide nutrients 
for plants and microorganisms. In the present study, 
the least activity of invertase was observed in 
pasture land (6.71 μg glucose/g dry wt./h) whereas 
the highest activity was observed in rice field (8.93 
μg glucose/g dry wt./h). This may be due to the 
high moisture content with strong root nexus in rice 
field due to mulching activity. Our findings are in 
agreement with the findings of [24] who reported 
that invertase activity is low in soils containing low 
moisture and having less underground biomass. 

Protease activity characterizes the nitrogen 
mineralization in soil and in the present study was 
found to be optimum in the natural forest (1.98 mg 
tyrosine/g dry wt./h) which might have been due to 
high microbial biomass in natural condition. High 
microbial biomass results in high turnover which is 

accompanied by the release of protease [25]. 
Phosphatase is an enzyme of great agronomic 

value as it is associated with the hydrolysis of 
organic phosphorus thereby converting them to 
inorganic phosphorus. In the present study, high 
phosphatase activity was determined in natural 
forest (1.04 and 0.83 mg PNP/g dry wt./h for acid 
and alkaline phosphatase respectively) with that of 
the lowest value found in the pasture land (0.61 and 
0.38 mg PNP/g dry wt./h for acid and alkaline 
phosphatase respectively) which is in accordance 
with the results reported by [26]. This may have 
been due to the high organic matter content in the 
forest land sourcing from the thick vegetation cover 
which has a significant influence on soil 
extracellular enzyme activities [27, 28]. 

Urease is involved in the hydrolysis of urea 
and hence directs the nitrogen mineralization in 
soil. A high urease activity found in the cultivated 
land (0.63 and 0.60 μg urea/g dry wt./h for rice and 
sugarcane field respectively) in the present study 
might be due to high application of urea. This 
supports the findings of [29]. 

Dehydrogenase is an endo-enzyme and its 
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activity is associated with the carbon cycling in soil 
and is influenced by the soil moisture content and 
the organic matter present. In the present study, 
lowest level of dehydrogenase activity was seen in 
the pre-monsoon which may have been due to the 
low moisture content and highest activity was found 
in the post-monsoon in all the land use practices 
which may have been due to the suitable 
environment for bacterial activity with respect to 
soil moisture, temperature and organic matter 
content. This result corroborates the findings of 
[30]. Further the dehydrogenase activity in forest 
(57.53 μg TPF/g dry wt./h) was found to be the 
maximal which might have been due to sufficient 
soil moisture and organic matter content [31]. 

 
 

CONCLUSION 

It is expected that when the natural forest gets 
converted to pasture land or to cultivable land, the 
soil quality and fertility diminishes, but our results 
shows that, the degradation is insignificant as of 
now and if proper steps are taken and modern 
sustainable agricultural practice like organic 
farming is adopted then the health of the soil can be 
restored quickly. 
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ABSTRACT 

 
The levels of heavy metals in the Binhai New 

Area Dagang industrial park were investigated by 
analyzing 10 metals (Mn, As, Cu, Pb, Sr, Cr, Cd, Ni, 
Hg and Zn) in a series of ultraclean samples 
collected from 30 sites in the DaGang industrial 
park. Analysis of the pollution conditions and 
possible pollution causes and trends using 
comparative methods provides a basis for pollution 
control. The results showed that the mean 
concentrations of several heavy metals in the 
industrial areas were 473.5 (Mn), 38.1 (Pb), 93.4 
(Sr), 25.5 (Cr), 17.2 (Ni), 8.3 (Hg), 10.7 (As), and 
0.42(Cd) mg·kg 1. Zinc and Cu are necessary 
nutritional elements; however, their mean 
concentrations were only 64.4 and 17.6 mg·kg 1, 
respectively. The concentrations of Hg and Pb were 
higher than the values reported in a previous study 
of this area. The concentrations of As and Cd could 
not be detected in most territories. The soil 
properties, particularly the organic matter content, 
were found to be important factors in the distribution 
of the heavy metals. The heavy metal concentrations 
in the Dagang industrial park can provide data 
references for China to curb the environmental 
pollution of soil in the Binhai New Area. 

 
 

KEYWORDS  
heavy metal; topsoil; industrial park; pollution trends; 
distribution 

 
 
INTRODUCTION 

 
minamata -

been occurring since the 1950s in Japan. Scientists 
showed that these human diseases are caused by 

mercury pollution and cadmium contamination. 
Much attention has been paid to the environmental 
pollution caused by heavy metals and preventive 
methods and measures have been applied. The soil 
pollution in China continues to deteriorate, along 
with industrialization and in-depth urbanization [1, 
2]. The accelerating industrialization in North China 
over the last few decades has been accompanied by 
environmental pollution because of the human 
activity in heavy industrial areas [3-6], such as the 
southern industrial zone and the heavy chemical 
industrial zone in Southern Liaoning, which are 
contaminated. Thus, the new industrial park in China 
may have similar problems. Soils are generally 
regarded as being continuous recipients of heavy 
metals and other pollutants. The main sources of 
such pollutants are industrial discharges, coal, fuel 
combustion, vehicle emissions, and petroleum 
pollution [7]. Heavy metals, such as Cu, Pb, Cd and 
Zn, are essential elements in the human body, but the 
excess of heavy metals in soils may lead to the 
deterioration of the ecological environment, changes 
in the soil physicochemical properties, and other 
environmental problems [8]. It has been reported 
that the accelerating economic development can lead 
to increased concentrations of heavy metals, such as 
Cd, Ni, Cr, Mn, Cu, Hg, Sr, Pb, and Zn, which were 
discharged into the environment from atmospheric 
emissions, sewage products, and oil exploitation [9-
11]. Moreover, the lack of essential elements, such 
as Zn and Cu, may cause crop diseases. It is 
important to know, whether heavy metal soil 
pollution is a problem in the new Chinese industrial 
park. Furthermore, future development trends need 
to be determined.  

The Dagang industrial park in the Tianjin 
Binhai New Area is a very important industrial area 
in North China and was rapidly industrialized in 
recent years. It is a triangle zone located to the west 
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of Jinqi Road, south of South Circular Road, and 
north of the Duliujian River. The central part of the 
study area is characterized by a high concentration 
of chemical industrial activity, with several large 
state-owned chemical enterprises [1]. This area 
includes more than 600 villages and industrial 
enterprises of which nearly 800 are collectively 
owned urban enterprises and more than 700 are 
private enterprises or state-owned cooperatives. The 
collective commercial enterprises and individual 
businesses proliferate the city and countryside. An 
integrated vertical system, including petroleum 
exploration, processing, petrochemical and project 
construction, and equipment installation, has been 
created. The Chinese government gives great 
importance to the development of this region. 
Therefore, the selection of this area as the research 
object has a strong demonstrative effect. Is the heavy 
metal pollution in the Dagang industrial park more 
or less serious compared to the old industrial park? 
Are there new characteristics? How can one control 
the development of the pollution in the new 
industrial park, especially the heavy metal pollution 
in soils? The aim of this study is to address all these 
questions.  
 
 
MATERIAL AND METHODS 

 
Materials. Yellow soil covering the Dagang 

industrial park; hydrochloric acid (CP); hydrogen 
nitrate (CP); Electro-Thermostatic Water Bath; ICP-
OES (Varian 700-ES, USA). 

 
Sampling methods. A total of 30 yellow soil 

samples (0 20 cm deep) was collected from the 
DaGang industrial park in December 2015. The 
sampling site locations are shown in Fig. 1. The 
study area covers approximately 55 km2 between 
117.3709° E and 117.5263° E and 38.6521° N and 
38.7339° N. Three parallel samples were collected at 
each sample site, about 1 m2. The top 20-cm layer of 
the soil profile was removed using stainless steel 
trowels, leading to a total sample size of 5 6 kg. The 
soil samples were stored in valve bags and frozen for 
subsequent sample preparation and analysis.  

 
Analytical procedures. Approximately 500 g 

of each sample was air-dried. The remainder of each 
sample was air-dried at room temperature (20°C) 

and sieved through a 2-mm nylon mesh to remove 
stones and plant material in preparation for the 
determination of soil pH, organic matter, moisture 
content, permeability coefficient, available 
phosphorus, and particle density. The sieved soil was 
then passed through 0.2-mm nylon mesh sieves for 
the determination of heavy metals. 

Because high temperature can lead to the 
volatilization of mercury and arsenic, each soil 
sample (0.2 g) was mixed with a solution (5 mL) 
containing 75% concentrated HNO3 and 25% 
concentrated HCl (V/V) in a colorimetric tube. After 
settling overnight, the colorimetric tubes were 
placed into a stainless steel water bath for digestion 
at 95°C for 6 hours. The soil organic matter content 
was determined by potassium dichromate oxidation
ferrous sulfate titrimetry. The pH of each soil sample 
was determined using a glass electrode in a 
suspension of the soil in H2O, with a soil/solution 
ratio of 1:2.5 [12]. The soil moisture content was 
measured as the percentage of the difference 
between the air-dried weight and the drying weight. 
The soil particle density was determined using a 
pycnometer. The saturated soil hydraulic conductivity 
was obtained using a permeating bucket. A summary 
of the soil properties, including basic statistical data 
of the samples, is given in Table 1. 

 
Statistical analyses. All measurements were 

performed in triplicate in independent experiments 
and the heavy metal concentration was determined 
on 2 parallel samples for all samples. The heavy 
metal concentrations were measured using ICP-OES 
and certified reference materials. The detection limit 
for the heavy metals was 0.01 mg·kg-1. Standard 
reference materials obtained from the Resource 
Technology Corporation (RTC, Laramie, WY 
82073, USA) were used for the analysis of each 
sample batch of 3 samples for quality assurance 
purposes. The data were processed with Microsoft 
Excel 2007, OriginPro 8.5, and SPSS 19.0 software, 
including the calculation of average values and 
standard deviation. The values were expressed as the 
mean ± the standard deviation (SD) of the three 
replicates. 

 
Methods of comparison. The main 

comparative methods include the subsoil 
comparison, the comparison with the soil 
background, and the comparison with old industrial 
areas. 
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FIGURE 1 
Locations of the soil sampling sites around the Dagang industrial park in Tianjin, China. 

 

TABLE 1 
Summary of soil properties, with basic statistical parameters, for the soils collected from the Dagang industrial area 

in Binhai New Area. 
 

Sample site pH organic matter soil soil particle density saturated soil hydraulic total phosphorus 
1 8.57 2.12 5.27 3.14 - 55.20 
2 7.40 1.86 5.12 3.38 - 54.44 

3 8.95 5.69 8.10 3.20 - 57.88 

4 8.24 2.55 2.62 3.89 - 52.07 

5 8.16 2.27 2.41 2.82 27.0 45.98 

6 8.22 7.87 2.02 3.61 - 53.72 

7 8.62 2.74 4.15 3.44 - 43.13 

8 8.49 3.17 1.57 3.86 - 53.02 

9 9.73 4.00 7.50 3.34 - 47.59 

10 9.95 2.76 8.09 3.78 - 45.35 

11 8.50 2.12 4.61 3.71 - 47.52 

12 7.42 2.91 3.23 3.71 - 50.24 

13 8.21 1.33 2.49 3.66 - 50.79 

14 7.26 5.14 6.91 2.42 - 49.43 

15 8.65 2.13 1.34 3.70 - 52.14 

16 8.09 8.90 2.96 2.38 45.5 16.24 

17 7.66 6.31 7.23 3.67 - 44.96 

18 8.30 11.54 1.59 2.78 - 57.05 

19 7.49 3.04 7.16 2.77 20.2 47.76 

20 7.81 2.12 4.89 3.70 - 46.26 

21 7.99 2.61 4.53 3.98 - 45.78 

22 8.04 1.55 1.76 2.62 - 57.39 

23 8.27 2.20 1.42 3.02 - 58.41 

24 8.16 2.05 3.94 3.23 11.0 57.57 

25 7.93 1.56 2.88 3.60 - 48.30 

26 8.04 3.02 6.13 3.54 - 45.48 

27 8.13 2.98 1.49 3.28 - 54.82 

28 7.35 3.59 2.37 3.46 - 49.08 

29 8.35 2.64 2.78 2.90 - 49.00 

30 7.57 2.56 1.54 2.43 - 50.46 

- not detected 



© by PSP  Volume 25  No. 12/2016, pages 5440-5448    Fresenius Environmental Bulletin  

 

 

5443

RESULTS AND DISCUSSION 

 
Accumulation and distribution of heavy 

metals in the topsoil. The metal distribution in the 
soils of the Dagang industrial park is shown in Fig. 
2. As is shown in Table 2, the mean concentrations 
of As, Sr, Mn, Cd, Pb, Cr, Hg, Cu, Ni, and Zn were 
10.7, 93.4, 473.5, 0.42, 38.1, 25.5, 8.3, 17.6, 17.2 
and 64.4 mg·kg 1, respectively. The highest 
concentrations of these metals were 49.0, 151.5, 
876.3, 0.98, 31.1, 51.9, 22.4, 286.6, and 128.1 
mg·kg 1, respectively. The highest Hg and Pb 
concentrations were found in the west, northwest, 
and center of the Dagang industrial park, reaching up 
to 22.4 and 286.6 mg·kg 1 in sites 10 and 21, 
respectively. However, the concentrations of these 
two metals in the east and northeast of the study area 
were generally lower. The concentration of Pb 
ranged from 5.7 to 20.6 mg·kg 1 in 19 sites. No Pb 
was detected in site 3. The Hg levels in the northeast 
of the study area were lower than 3.7 mg·kg 1. 
Although the concentration of As was low in some 
sites, As could be detected in sites 21 and 29, 
reaching extremely high values up to 49.0 mg·kg 1. 
Analogously, the highest concentration of Cd was 
detected in site 16, with up to 0.98 mg·kg 1. In 
addition, the concentrations of Cu in most of the 
collected samples were low and the concentration 
trends were generally similar, except for site 16. The 
concentration of Cu in site 16 was quite high, 
reaching up to 51.9 mg·kg 1. The concentration of 
Mn surpassed 325.8 mg·kg 1 in all of the 30 sites. 
The lowest concentration was determined at site 16; 
however, the concentration of several heavy metals 
peaked at site 16. It is worth mentioning that two of 
the highest Mn concentrations were detected at sites 

21 and 29, similar to Pb. The Sr contents reached up 
to 80 mg·kg 1 at 25 sites. The Sr concentrations were 
similar but extremely high in most sites. The highest 
concentration was measured for site 16, similar to 
several other metals, reaching up to 151.5 mg·kg 1. 
The Ni concentrations were similar at 28 sites and 
ranged from 14.5 to 22.4 mg·kg 1. However, those 
of sites 16 and 22 were notably lower than at other 
sites. In total, 22 out of the 30 sample sites showed 
similar levels of Zn, ranging from 43.8 to 59.4 
mg·kg 1. The highest concentrations were 
determined for sites 21 and 29, reaching up to 128.1 
mg·kg 1. The concentrations of Cr in the Dagang 
industrial park were lower in most sites, between 
17.3 to 33.7 mg·kg 1, expect for site 28.  

 
Pollution trends of heavy metals in the 

topsoil. The concentrations of Hg, Cd, Pb and Mn in 
this study are higher than the background value 
(Table 2). The concentrations of As, Zn and Sr are 
similar to the background values of Tianjin. The 
remaining heavy metal concentrations are smaller 
than the background value. It can be inferred that 
part of the pollution is under control, but some of the 
heavy metal pollutants, such as Hg and Pb, indicate 
the trend of increasing pollution compared to a 
previous study on soils in Tianjin [13]. 

The soil background values of heavy metals in 
Tianjin are generally higher than in all of China. 
Compared to the background value in China, the 
pollution is similar to that of Tianjin. The only 
differences are that Arsenic in this study is lower 
than the average concentration in China and the 
concentrations of Cu and Zn are closer to the 
background value. Mercury and lead still reflect the 
pollution trend. 

 
TABLE 2 

The background heavy metal concentrations mg/kg found in Tianjin Beijing, China, old industrial zone and this 
study [19] 

 

 As Cd Cr Cu Hg Ni Pb Zn Mn Sr 
Tianjin, China 9.6 0.18 84.2 29 2.1 33 21 79 580 100 
Beijing, China NA 0.19 60 34 NA 26 40 90 660 112 
China 11.2 0.097 61 22.6 0.065 26.9 26 74.2 583 NA 
shenyang Tiexi old industrial 9.26 0.42 0.71 58.9 0.13 52.45 84.5 190.4 NA NA 
Mandoli industrial area, India 12.9 1.14 34.8 77.0 0.07 44.7 40.3 90.2 NA NA 
Palermo, Italy NA 0.68 34 63 0.68 4.7 202 138 519 NA 
In this study 10.7 0.42 25.5 17.6 8.3 17.2 38.1 64.4 876 93.4 

NA: not available. 
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FIGURE 2 
Heavy metal concentrations (mg/kg) measured in soils collected at various sites 

 
The comparison of the data with that of the old 

industrial park of the Shenyang Tiexi old industrial 
zone shows that the concentrations of Cr and Hg in 
this study are much higher. The concentrations of As 
and Cd are similar and the concentrations of other 
heavy metals are much smaller that the values for the 
Tiexi old industrial zone. However, compared with 
the Mandoli industrial area in India, all of the metal 
concentrations are lower, except for Hg. Compared 
with the data of the city of Palermo, Italy, all heavy 
metal contents in this study were lower. Thus, the 
contamination control for heavy metals in the topsoil 
of the Dagang industrial park is satisfactory, but the 
concentration of Hg, which is much higher than in 
most other regions, needs to be considered. 

 
Influences of industrial production. 

Industrial activities are one of the main reasons 
behind the increasing concentrations of heavy metals 
in the atmosphere [14, 15]. The particles of the 
aerosol with heavy metals are suspended in the 
atmosphere because of long-term industrial activities 
[16]. Nevertheless, heavy metals generated from 
industrial activities often remain in the soil. The Ni, 
Sr, Mn and Cr distribution trends are generally 
similar in this zone, although their concentrations are 
different, indicating that these heavy metals may 
have had the same source. Zinc and Cu are necessary 
nutritional elements, but their mean concentrations 
are only 64.4 and 17.6 mg/kg, which is lower than 
the background level. One reason for this is the high 
organic content of the soils. The organic matter can 
adsorb Zinc and Cu and reduce their effectiveness. 
Another reason is the high phosphorus level, which 
leads to zinc deficiency. According to the summary 
of soil properties in this study, the sites with a high 
organic matter content generally also have high 
concentrations of heavy metals. The content and 
composition of soil organic matter can not only 
affect the accumulation of heavy metals in the soil 

but also form complexes with heavy metals and 
influence the transportation and transformation, 
bioavailability, and other environmental processes 
of heavy metals in soil [17, 19]. The organic matter 
content in the soil samples near oil wells was 
generally high. Thus, the heavy metal content was 
relatively high at these sites. For example, site 16 has 
a high organic matter content and the concentration 
of most of the heavy metals peaked at this site. Some 
scholars concluded that the oil recovery operation 
omissions caused the soil pollution at this site. In this 
experiment, the northeast and center of the study 
area host many oil wells and the results of this work 
verify this point of view. The concentration of Hg 
was extremely low in the previous study. However, 
Hg was detected in many sites in this study and 
almost the whole area showed high Hg 
concentrations, especially near the wells and oil 
extraction factories. Therefore, it can be concluded 
that long-term industrial activities certainly affected 
the environment. Noticeably, the concentration of Pb 

electric power supply company and the Tianjin 
petrochemical company, reaches up to 286.6 
mg·kg 1. This indicates that the primary 
environmental sources of Pb are the industrial 
activities of these two companies. Sites 21 and 29 
also show high concentrations of As, Mn and Zn; 
however, the highest concentration of Cd can be 
detected at site 16. Although the cadmium pollution 
is not very serious compared to other industrial 
areas, it can be observed that there is a certain 
relationship between the heavy metal content and the 
hot-spot areas of As, Cd, Zn, Mn and Pb, which are 
mainly associated with heavy industrial activities. 
The highest concentration of As was detected at site 
30, next to the Duliujian River. There are several oil 
wells near the road. Thus, this further illuminates 
that the oil is polluted by heavy metals during oil 
production. The concentrations of Zn and Mn were 
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similar in all sites, except for sites 21 and 29. One 
important reason for this phenomenon is that more 
soil granules contaminated with the heavy metals 
were blown into the atmosphere by wind and 
uniformly dropped by the rain in this area. Compared 
with the investigation of heavy metals in Tianjin in 
1990, the heavy metal concentrations, including Cu, 
Cr, Ni and Zn, have decreased to some extent but still 
greatly exceed the national standard. The Zn content 
is strongly related with the south of this area next to 
South Circular Road and some oil wells, likely 
indicating the same source [20-25]. The 
concentrations of Cr and Ni are higher in the 
northeastern part than in other parts. The Dagang 
oilfield refinery, oil wells, the Dagang oilfield mud 
company, and the first drilling company of the Bohai 
Sea are in the northeastern area next to Jinqi Road. 
This implies that the contamination may originate 
from oil sludge omissions. Approximately 100 
mg·kg 1 of strontium is detected in most of the soil 
samples around the world. Strontium is one of the 
essential trace minerals in the human body. 
However, nuclear experts believe that radioactive 
strontium can have an impact on human health with 
time and can cause leukemia and lymphoma [26, 
27]. As expected, all of the samples in this study 
showed high concentrations of Sr, whereby the 
concentrations in the northeastern and south central 
area are higher than in other parts. The highest 
content was detected at site 16, similar to Cu. There 
are many oil wells and the Dagang oilfield group 
limited company in the central part near site 16. 
Thus, the samples of this site contain a high quantity 
of organic substances. This fact once again 
reinforces that the oil extraction can cause heavy 
metal pollution in soils. It is a universal phenomenon 
that the concentrations of heavy metals in the 
northeastern, southern, southwestern, and center 
parts of the Dagang industrial park are higher than 
that of the northern, northwestern, and southeastern 
parts. The results demonstrate that the Technology 
Services Company of the Bohai Sea Drilling 
Engineering Company, the Dagang oilfield well 
logging company, and the fourth petroleum and 
chemical construction company of China provide 
good pollution control.  

 
Influence of traffic activities. Rapid economic 

development has occurred in the Binhai New Area 
in the past ten years. The population increased 
rapidly, the business activity flourished, and the 
vehicle quantity multiplied. The heavy metal 
concentrations discharged into the atmosphere by 

the gas combustion of automobile exhausts are 
immense, which has been recognized as pollution 
globally [28, 29]. All this led to the severe 
deterioration of the local environment. 

In this study, the concentration of Pb is 
extremely high. The traffic activities are an 
important factor influencing the Pb pollution of soil. 
The Lead content of gasoline ranges from 0.08% to 
0.13% and most of the Pb emissions from 
automobile exhausts are derived from the internal 
combustion engine. Lead contained in the exhausted 
gas is emitted into the atmosphere and pollutes the 
surrounding soil. Lead accumulation in human 
organs may cause harm to the heart and lungs and 
lead to anemia and mental decline. It can also cause 
infertility and high blood pressure [30]. 

Jinqi Road and South Circle Road are the two 
main traffic arteries in Dagang. The sites close to the 
sides of the road suffer a certain level of pollution. 
For instance, many diesel vehicles pass this road 
throughout the year. Thus, the Pb concentration at 
these four sites was high. Therefore, Pb is likely to 
have mainly originated from anthropogenic sources, 
such as vehicular traffic, which is in good agreement 
with previous studies in other areas. 

 
 

CONCLUSIONS 

 
The statistical analysis of the concentrations of 

pollutants and metals can be used to identify the 
sources of metal pollution in industrial areas. We can 
conclude that the soil samples in the industrial park 
contained high concentrations of heavy metals due 
to long-term industrial and traffic activities. The 
majority of total heavy metals in the Dagang 
industrial park result from oil extraction. Thus, we 
should adjust the transport policy of the city, reduce 
the number of private cars, develop the public 
transport priority, and advocate using bicycles. 
Meanwhile, energy-efficient and environment-
friendly cars should be developed to reduce the 
national dependency on fossil fuels. The pollution 
from enterprises needs to be controlled and 
ecological and health implications need to be further 
investigated. In summary, human activities are the 
main environmental sources of heavy metals, such as 
the traffic activities, long-term industrial activities, 
such as oil extraction, and industrial radiological 
processes. Furthermore, the levels of heavy metals in 
the Dagang industrial park in Tianjin can reflect and 
indicate the level of environmental pollution in the 
Chinese industrial zone. 
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ABSTRACT 

 
The aim of this research is to evaluate 

sustainable environment at dry farming areas in 
GAP-Sanliurfa, Turkey and determine the affecting 
factors that contribute to it. The data used in this 
study come from a sample of 32,809 farmers at dry 
farmland in Sanliurfa, 480 of them were chosen via 
simple random sampling method and interviewed 
face to face by given questionnaires. Sampling was 
conducted in all districts of Sanliurfa in 2014. The 
logistic regression, Odds, Omnibus, Cox and Snell 
R Square, Nagelkerke R Square, Wald test, 
Hosmer-Lemeshow fit tests were used for analysis. 
The results indicate that 39.5% of farmers have risk 
perception about the environment and 57% of 
farmers accept to pay for sustainable environment. 
The average willingness to pay was 55.2 per 
hectares. Explanatory affecting factors, such as age, 
education level, land amount, income and 
commercial livestock were significantly explained 
risk perceptions and payment acceptance for 
environment. This study is first of its type in GAP- 
Sanliurfa, Turkey. Hence, the result of the study 
can be helpful for decision and policy makers to 
develop effective environmental strategies for 
GAP- Sanliurfa, Turkey and other countries with 
similar technical and socio-cultural characteristics. 
 
 
KEYWORDS:  
Sustainable environment, risk perception, willingness to 
pay, GAP-Sanliurfa, Turkey. 
 
 
INTRODUCTION 
 

Every society has a natural environment that 
affects the economy and level of development. 
Economic activities of human affect environment 
and also affected from it [1]. Today, natural 
resources and environmental problems are being 
experienced in many parts of the world due to 
different reasons [2] and all the problems arise from 
human activities. There are a number of duties and 
responsibilities towards to the natural environment 

where human maintains their life and the benefit 
from it. While, having many important several 
reasons for humans to protect the environment, and 
there is no reason for behaving irresponsibly.  

One of the most important issues occupying 

This cause to deterioration of ecology that 
negatively affect water and land resources, 
production system in agriculture and result to 
significant yield losses, especially in dry farming 
areas. Regardless of development levels agriculture 
has priority in all countries and occupies important 
place in the economies [4]. There are many 
environmental problems caused by agricultural 
activities such as agrochemical and pesticide use, 
chemical fertilizer, unsuitable soil tillage, animal 
wastes, the burning of stubble and so on [5]. 
Natural resources are the main source of life in 
rural areas and there are a close link between 
poverty and environmental exhaustion [6] and also 
vice versa are true.  

Perception means receiving sensory 
information, interpretation, selection and 
arrangement in psychology and cognitive science 
and dependent on many factors. Attitude is the 

 affects 
his/her behavior [7] and formed based on 
perception. In this research, it is intended to identify 

farming areas of Sanliurfa and willingness to pay 
(WTP) for environment for sustainable agriculture 
and affecting factors that contribute to it.  

 
 

MATERIALS AND METHODS 
 
Study Area. Southeastern Anatolian Project 

(GAP, in its Turkish acronym) is a multi-sectorial 
regional sustainable development projects that is 
mainly based on soil and water resources at south 
eastern part of Turkey. Agriculture is the leading 
sector with a 3.13 million ha of land in the GAP 

dams, 19 hydroelectric power plants and irrigation 
of 1.822 million ha of agricultural land [8] and 
424,710 ha of land was been irrigated. There are 
nine provinces in GAP region that is almost 10% of 
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Turkey in terms of area and population. Sanliurfa is 
the second crowded city of GAP with 13 districts, 

agricultural land and 24.1% of livestock [9]. 
 
Materials. There are 54,976 farmers in 

Sanliurfa according to the farmer registration 
system in 2014 and 32,809 of them are located in 
dry farmland. The main material of this research 
comes from a sample of 480 farmers among 32,809 
in Sanliurfa who were chosen via a simple random 
sampling method. Sample volume was determined 
by formula [10] with 95% confidence interval that 
conducting 380 questionnaires would be 
appropriate, but to be on the safe side, 480 were 
conducted. Sampling was conducted in 2014 and 
interviewed face to face by given questionnaires. 
Within this scope, all the districts were visited in 
Sanliurfa and local interviewers were used in order 
to maximize the reliability of the results.  

 
Methods. Logistic regression, Odds, 

Omnibus, Cox and Snell R Square, Nagelkerke R 
Square, Wald test, Hosmer-Lemeshow fit tests were 
conducted in SPSS. Logistic regression uses 
maximum likelihood (ML) estimation in multiple 
regressions. ML approaches try to find estimates of 
parameters that make the data actually most likely 
observed. Odds ratios in logistic regression can be 
interpreted as the effect of a one unit of change in 
the predicted odds ratio with the other variables in 
the model held constant. An important property of 
odds ratios is that they are constant. It does not 
matter what values the other independent variables 
take on [11]. It is defined as division of the 
probability of an event to the probability of not 
being event. A Wald test can be used in a great 
variety of different models including models 
for dichotomous variables and models for 
continuous variables [12]. The Wald test in the 
context of logistic regression is used to determine 
whether a certain predictor variable is significant or 
not. Omnibus test is a general name refers to an 

overall test and in most cases it is called as: 
F-test or Chi-squared test. Omnibus test is 
implemented on an overall hypothesis that tends to 
find general significance between parameters' 
variance, while examining parameters of the same 
type. They test whether the explained variance in a 
set of data is significantly greater than the 
unexplained variance, overall [13]. 

There is not R-squared statistics in logistic 
regressions that is similar to the regression analysis. 
In SPSS, there are two modified R-squared value; 
one developed by Cox and Snell that is never 
reaches to 1 and the other developed by 
Nagelkerke. The correction increases the Cox and 
Snell version to make 1.0 a possible value for R-
squared by modified it by Nagelkerke. These values 
indicate the amount of variance explained by the 
model. The Hosmer-Lemeshow fit test is designed 
to correct and use when there are discontinuous and 
continuous predictors, at the same time and not 
recommend the use of this test when there is a small 
n less than 400 [14]. Here is sample size was 480. 
This test is performed by dividing the predicted 
probabilities into deciles and then computing a 
Pearson chi-square that compares the predicted to 
the observed frequencies. Lower values and 
insignificances indicate a good fit to the data and, 
therefore, good overall model fit [15]. 

 
 
RESULTS AND DISCUSSIONS 

 
All survey respondents were male due to the 

rural patriarchal family structure. The total amount 
of cultivated land was 10,099 ha in the surveyed 
area, 41.7% of the farms are 10 ha or smaller. 
Wheat was the main crop, and then followed by 
barley and red lentil. The average income from 
agricultural activities was calculated as 20,779 
TL/year and 988 TL/ha. (TL=Turkish Lira, 
TL at surveyed time, [16]).The descriptive statistics 
of the model is given in Table 1.  

 
 

TABLE 1 
Descriptive statistics of the research 

 
Variables Definition Mean Std. Deviation 
Age Age of the farmer (year) 43,75 11,788 
Education If the farmer: literacy 1, graduated primary school 2, graduated 

secondary school 3, graduated high school 4, graduated 
university 5 

2,45 1,163 

Marital If the farmer: married 1, if not 0 0,93 0,326 
Household The number of dependent person 7,54 4,052 
Experience Farming experience (year) 22,43 11,844 
Land Amount The amount of cultivated land size (hectare) 21,04 393,196 
Income Income of the farmer from farming (TL/year) 20778,54 28746,541 
Livestock If the farmer does commercial livestock 1, if not 0 0,28 0,649 
Risk If the farmer has environment risk perception 1, if not 0 0,40 0,524 
Payment (PES) If the farmer accept payment for environment 1, if not 0 0,57 0,496 
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TABLE 2 
Classification table of step 0 

 
  Observed Predicted 
    Risk Perception 

Percentage Correct     NO YES 
Step 0 Risk Perception N0 290 0 100,0 
    YES 190 0 0,0 
  Overall Percentage   60,5 

 
TABLE 3 

Coefficients of variables in the equation 
 

  B S.E.(Standard Error) Wald df Significance Exp(B) 
Step 0 Constant -0,428 0,094 20,777 1 0,000* 0,652 

 
TABLE 4 

Omnibus tests of model coefficients 
 

    Chi-square df Significance 
Step 1 Step 247,667 21 0,000* 
  Block 247,667 21 0,000* 
  Model 247,667 21 0,000* 

 
TABLE 5 

Model summary 
 

Step -2 Log likelihood Cox & Snell R Square Nagelkerke R Square 
1 388,180 0,407 0,551 

  
TABLE 6 

Hosmer and Lemeshow test results 
 

Step Chi-square df Significance 
1 10,961 8 0,204 

 
 

The rate of farmers, who perceived the risk to 
the environment that is dependent variable, is 
39.5%. The proportion of those with the WTP for a 
sustainable environment is 57%. These results show 
that; although there is no risk perception, but 17.5% 
more of farmers tend to pay. According to the first 
classification table all the respondents were 
classified in no by the model and percentage of 
verification in this case was 60.5%. The 
classification table based on step 0 is given in Table 
2.  

The statistics of the variables are located in the 
initial model, step 0, and is given in Table 3. 

According to significance level in Table 3, 
p<1%, all of the independent variables were making 
meaningful contribution. The Omnibus tests of 
model coefficients are given Table 4.  

Chi-
significant, p<1%. This significance shows that 
existing of a relationship between dependent 
variable that is risk perception to the environment, 

and combination of independent variables in the 
model. The model summary is given in Table 5. 

Cox & Snell and Nagelkerke R square values 
indicate the amount of variance explained by the 
model. The variance of risk perception to the 
environment was explained 40.7% by Cox & Snell 
and 55.1% by Nagelkerke R square. The test result 
of Hosmer and Lemeshow is located in Table 6. 

The test was assessed the compliance of the 
logistic regression model as a whole and result 
indicated that it was insignificant (p> 0.10) means 
that existing of an adequate level of model-data fit. 
The classification table that was obtained from 
logistic regression result is given in Table 7. 

The percentage of verification was increased 
from 60.5% to 82.5% that indicates that variables 
make meaningful contribution to the model. 
Initially more variables were used in the model, 
given in descriptive statistics, and significant ones 
were selected after the first run in terms of 
contribution to the model. The most appropriate 
multivariable that are age, income, land amount, 
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commercial livestock, education and PES were 
selected as variables in logistic regression model. 
The model was run for the second time and results 
are given in Table 8. 

The results are based on odds ratios; it has 
been done by logistic regression analysis. Odd 
ratios presented for dummy variables are 
interpretable in relation to their respective reference 

group and less than one unit change indicate 
that existing of negative relationship that means 
having less risk perception about environment. 
More than a unit change shows that existing of 
positive relationship that means having more risk 
perception about environment to their respective 
reference group.  

 
 

TABLE 7 
Classification table at step1 

 
  Observed Predicted 
    Risk Perception 

Percentage Correct     NO YES 
Step 1 Risk Perception NO 242 48 83,6 
    YES 35 155 81,3 
  Overall Percentage   82,5 

 
TABLE 8 

variables in the equation 
 

 B S.E. Wald df Sig. 
Exp(B) 
Odd ratios 

Step 1 Age (years) 
60 and more (Ref. group) 

  
 
9,090 

 
3 

 
0,028b 

 

  Between 18-29 years (Gr.1) 1,505 0,652 5,333 1 0,021b 4,505 
  Between 30-45 years (Gr.2) 1,062 0,493 4,646 1 0,031b 2,892 
  Between 46-59 years (Gr.3) 0,419 0,477 0,771 1 0,380 1,520 
  Income ($/year) 

$12000 and more (Ref. group) 
  

 
49,773 

 
3 

 
0,000c 

 

  $2999 and less (Gr.1) -3,239 0,548 34,907 1 0,000c 0,039 
  Between $3000-5999 (Gr.2) -2,748 0,428 41,279 1 0,000c 0,064 
  Between $6000-11999 (Gr.3) -1,308 0,362 13,020 1 0,000c 0,270 
  Land (Hectares) 

25 ha and more land (Ref. group) 
  

 
43,848 

 
3 

 
0,000c 

 

   5.9 ha and less land (Gr.1) -3,124 0,807 14,995 1 0,000c 0,044 
  Between 6-11.9 ha land (Gr.2) 1,255 0,381 10,863 1 0,001c 3,508 
  Between 12-24.9 ha land (Gr.3) -0,238 0,356 0,446 1 0,504 0,788 
  Commercial livestock  

Commercial livestock (Yes) 
 
0,772 

 
0,306 

 
6,380 

 
1 

 
0,012b 

 
2,164 

  Education (Levels) 
University graduated (Ref. group) 

  
 
33,894 

 
4 

 
0,000c 

 

  Literacy (Gr.1) -1,019 0,614 2,751 1 0,097a 0,361 
  Primary school graduated (Gr.2) 0,175 0,560 0,097 1 0,755 1,191 
  Secondary school graduated (Gr.3) -1,792 0,625 8,216 1 0,004c 0,167 
  High school graduated (Gr.4) -1,504 0,628 5,730 1 0,017b 0,222 
  Payment for Environment (PES) 

Average PES value per ha. 
  

 
160.70 

 
7 

 
0,024b 

 

  PES increased by 25% (Gr.1)  -0,934 0,425 4,833 1 0,028b 0,393 
  PES increased by 50% (Gr.2) -1,144 0,391 8,566 1 0,003c 0,319 
  PES increased by 75% (Gr.3) -1,278 0,533 5,669 1 0,021b 0,290 
  Constant 1,413 0,717 3,887 1 0,049b 4,108 

a,b,c orderly indicates the degree of statistical significance of 10%, 5% and 1%.  
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There is a relationship between age and risk 
perception to the environment (p<5%). The 
youngest ones (Gr.1) has more perception about the 
environment as compared to the reference group by 
4.51 times in a positive way. The middle aged 
(Gr.2) has 2.89 times and upper middle aged (Gr.3) 
has 1.52 times more perception in a positive way. 
Age has an effect on attitudes of citizens about the 
environment [17]. The preferences and behaviors 
are related to expectations and experiences that 
influence the formation of different value priorities. 
Environmental concerns and value priorities tends 
to becoming increasingly important at younger 
generations replace older generations [17]. The 
economic and social condition of the Sanliurfa is 
developing more in each year and this result to 

environment. The results are consistent (p<5%).   
There is a relationship between income level 

and risk perception (p<1%). Risk perception is 
increasing with increasing income of the farmers 
and vice versa is true, too. The lowest income 
(Gr.1) has 0.04 times of risk perception as 
compared to reference group (highest income) that 
means 96.1% less in a negative way. The Gr.2 has 
0.06 times that means 93.6% less, and the Gr.3 has 
0.27 times that means 73% less risk perception as 
compared to the reference group in a negative way. 
Economic theory suggests that if environmental 
quality is a normal good, all else constant, higher 
income households will be more WTP for 
environmental protection than lower income 

depends on agricultural activities that require an 
appropriate environment. There is a need for a 
better environment for a higher income. Higher 
income groups are more sensitive about sustainable 
environment. It is statistically significant (p<1%).  

There is a relationship between land amount 
and risk perception (p<1%). Farmers' income is 
dependent on the land amount. The greater amount 
of land means more revenue for farmers. The Gr.1 
and Gr.3 have less risk perception as compared to 
the reference group by 95.6% and 21.2% 
respectively in a negative way. These results are 
consistent with expectations. Gr.2 has more 
perception about the environment as compared to 
the reference group by 3.51 times in a positive way. 
This result is unexpected one and to reveal the 
reasons, they were interviewed again face to face 
with those involved in this group by simple random 
sampling method. 31% of farmers are located in 
this group, 80% of them land owner, 76.1% of them 
doing commercial livestock and average income 
was 1380.5 TL/ha that was 39.73% more than the 
average value. All the values of this group are more 
than the average values. So, this group obtains more 
revenue from land, therefore environment, than the 
other groups. In this respect, the result is significant 
(p<1%).  

There is a relationship between 
commercial livestock and risk perception (p<5%). 
The farmers engaged in animal husbandry have the 
risk perception more than 2.16 times according to 
those who do not, in a positive way. Although 
existing of limited income effect, this group has 
4.4% more average income as compared to the 
reference group and 1.3% more than the overall 
average of the participant. The physical properties 
and degradation characteristics of the environment 
is important for feedstuffs that might be potentially 
used to estimate the nutritive values and can also be 
applied in a ration formulation [18]. 

There is a relationship between education 
levels and risk perception (p<1%). When education 
levels decreases, there is a decrease in risk 
perception. The opposite is true, too. Sensitivity to 
the environment of the educated farmer is high. 
Education is an important indicator of life quality 
and attitudes, thus the environment. The literate 
farmers (Gr.1) have 0.36 times of risk perception as 
compared to reference group that means 63.9% less 
in a negative way. The Gr.3 and Gr.4 have less risk 
perception by 83.3% and 77.8% respectively in a 
negative way. The Gr.2 has more risk perception 
about the environment as compared to the reference 
group by 1.19 times in a positive way. This result 
was unexpected. This group is the biggest one in 
this category and 47.5% of farmers are located with 
18.6 ha average land size. Their average income is 
more than 2.9% of the average value. The average 
house hold number is 8.2 and 3.8 person is 
dependent to farming activities, more than the 
overall average values, that means agriculture is the 
main source of livelihood. In this regards, result is 
understandable.  

The benefits of the environment are located in 
the two groups that are usage and non-usage 
benefits [1] and both of them are necessary for 
sustainable agriculture. Usage benefits are used for 
agricultural production for today needs and non-
usage benefits would be potential benefits of being 
for future use of next generations [19]. In such a 
case, possible values are determined for the 
environmental resources by non-market analysis 

to know the amount they want to pay for a feature 
related to the environment, you can directly ask 

certain that the money would be used for the 
sustainable usage of environment (PES), do you 
want to pay for PES and how much want to pay for 
a hectare of land. Payments for environment, the 
non-provisioning part of ecosystem services, target 
alignment of microeconomic incentives for land 
users with meso- and macroeconomic societal costs 
and benefits of their choices across stakeholders 
and scales [22]. The results were indicated that 57% 
of the farmers have WTP for the environment with 
an average PES value is 160.7 TL/ha (55.2
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Both values are unexpected results. First of all, the 
farmers who have WTP are more than 17.5% of the 
farmers who have risk perceptions that was 39.5%. 
In other words, 17.5% more of the farmers have 
WTP for PES as compared to the risk perception 
group. This group is visited again in order to 
understand the reason. This result simply arises 
from environmental awareness and being affected 
by the behavior of more educated farmers, who 
accepted WTP and PES. Humans, being highly 
social creatures, rely heavily on the ability to 
perceive what others are doing and to infer from 
gestures and expressions what others may be 
intending to do [23]. Secondly, WTP and PES 
group has an average income of 1017 TL/ha that is 
more than the average value and WTP amount is 
15.7% of their income per ha that is higher than 
expected. WTP may depend largely on the ability to 
pay [24] and is positively related to income and 
also have to be a reasonable proportion of income 
[25]. Average WTP is found for irrigation water as 
10.73% Sanliurfa -Harran 
plain in Turkey [25]. The farmers expressed that 
being certain about that the money would be used 
for the environment is an important factor in their 
expressed amount for PES. In this regards, it is a 
matter of trust for payment more. A study in 
Sanliurfa-Harran plain indicated that existence of 

education levels, trust, land area, age, income, and 
service quality [26]. 

There is a negative relationship between 
acceptance and increased PES amount (p<5% and 
p<1%). When the average PES amount increases, 
acceptance of PES decreases. The opposite is true, 
too. In order to define the affect of more payment, 
PES amount was increased by multiple of 25% and 
done 3 groups. Gr.1 (25% increased PES) has 
60.7% of less acceptance as compared to the 
average PES (p<5%). Gr.2 (50% increased PES) 
and Gr.3 (75% increased PES) have less acceptance 
by 68.1% (p<1%) and 71% (p<5%), respectively. 
Increasing the amount of PES affects negatively the 
welfare of farmers. The results are consistent and 
statistically significant.  
 
 
CONCLUSION 

 
Agriculture is important at least for food 

safety and employment that requires natural 
resources and suitable environment which are 
limited resources. Climate change is predicted to 
make the existing problems worse in many regions 
[2] that will change features of the environment and 
ecology [27]. Soil characteristics and environmental 
properties, such as climate, topography, and 
vegetation, are the major factors that control the 
movement of pollutants in soils [28]. Therefore 
environment needs protection and conservation for 

sustainability; this can only be achieved by 
acting together with the stakeholders. The 
awareness, education and training are necessary for 
good environmental practices. The farmers have 
risk perception and WTP for sustainable 
environment.  An environmental program can be 
applicable together with farmers based on cost 
sharing. In this way, awareness, ownership and 
protection can be increased. The results of this 
research are meaningful and could be considered as 
guidelines for policy and decision makers about 
sustainable environment. This study is the first of 
its type in GAP-Sanliurfa, Turkey.  
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ABSTRACT  

 
Nitrite-dependent anaerobic methane oxidation 

and anaerobic ammonium oxidation, two important 
processes relating to carbon and nitrogen cycles, 
have been reported to co-occur in paddy fields. 
However, their presence and relationship in water-
level fluctuation zones (WLFZs) in large reservoirs 
is unclear. Here, Methylomirabilis oxyfera-like and 
anammox bacteria performing these two processes 
were detected in WLFZ soils in the Three Gorges 
Reservoir in China. Our results from real-time PCR 
indicated that the copies of M. oxyfera-like bacteria 
in WLFZ soils ranged from 1.15 (± 0.2) × 105 to 1.48 
(± 0.16) × 107 g 1, which were much higher than 
those in the paddy field. However, the copies of 
anammox bacteria in WLFZ soils were much lower 
than those in the paddy field. Analysis of 16S rRNA 
and pmoA gene libraries suggested that the diversity 
of M. oxyfera-like bacteria in WLFZ soils was higher 
than that in previously reported environments. 
Analysis of the hzsB gene library indicated that the 
anammox bacteria in WLFZ soils were mainly 
distributed in Candidatus Brocadia Candidatus 
Kuenenia

abundance and diversity of M. oxyfera-like bacteria 
in WLFZ soils might be one reason of the low 
methane emission in this area. 
 
 
KEYWORDS:  
nitrite-dependent anaerobic methane oxidation; anaerobic 
ammonium oxidation; water-level fluctuating zone; pmoA 
gene; hzsB gene 
 
 
INTRODUCTION  

 
Nitrite-dependent anaerobic methane (CH4) 

oxidation (n-damo), a recently discovered process, 
couples anaerobic oxidation of CH4 (AOM) and 
denitrification of nitrite, and constitutes a unique 
link between the two major global nutrient cycles of 
carbon and nitrogen [1, 2]. Furthermore, it converts 
CH4 to carbon dioxide (CO2) with conversion of 
nitrite to dinitrogen gas (N2), which alleviates the 
greenhouse effect. Candidatus Methylomirabilis 
oxyfera  is the only species that has been isolated and 
confirmed to perform n-damo and belongs to 
candidate division NC10 [2]. Although M. oxyfera-
like bacteria have been enriched from several 
freshwater sediments [3-5] and proved to be widely 
present in various freshwater systems [3-9], their 
distribution and diversity is not well understood. 

The other important nitrite-dependent 
anaerobic process is anaerobic ammonium oxidation, 
anammox, which directly uses ammonium and 
nitrite as electronic donor and acceptor to produce 
N2. Five genera of anammox bacteria (Candidatus 
Brocadia , Candidatus Kuenenia Candidatus 
Scalindua Candidatus Anammoxoglobus

Candidatus Jettenia
order of bacteria, the Brocadiales, have been 
enriched and described [10]. Recently, anammox 
bacteria were detected in many marine ecosystems, 
freshwater ecosystems and man-made environments 
[6, 11] and believed to be responsible for 13 and 50 % 
of N2 production in freshwater and marine 
ecosystems, respectively [10, 12].  

In a specific ecosystem, anammox and n-damo 
bacteria compete for nitrite. Their presence or co-
occurrence is related to some important 
environmental factors such as CH4, nitrite, and 
ammonia. This phenomenon was confirmed by a 
recent research of Haroon et al., in which 
simultaneous AOM, nitrate reduction and anammox 
were detected in an anaerobic bioreactor after being 
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pulse-fed with nitrate, ammonium and CH4. In this 
system, anammox bacterium, Candidatus Kuenenia 
stuttgartiensis - M. oxyfera
for nitrite [13]. However, information on the 
relationship or co-occurrence of n-damo and 
anammox bacteria in other man-made or natural 
environment ecosystems is very limited. 

The Three Gorges Reservoir Dam is the largest 
hydroelectric dam in China and even in the world. 
The water-level fluctuation zone (WLFZ) of the 
Three Gorges Reservoir locates across Hubei 
Province and Chongqing Municipality along the 
Yangtze River with an area of over 400 km2, and 
experiences a novel hydrological regime with half a 
year (May - September) exposed over summer and 
the other half (October - April) submerged over 
winter and with water level fluctuating between the 
elevations of 145 - 175 m. Since it was formed in 
2003, the large variation of ecosystems and heavy 
nitrogen input from industries and agricultures make 
the WLFZ of the reservoir a favorable habitat for 
both anammox and n-damo bacteria, forming a very 
special micro-ecosystem. However, these two 
important processes that impact the nitrogen sink 
and CH4 emission have never been researched in 
such an environment.  

In this study, the co-occurrence of M. oxyfera-
like and anammox bacteria was detected in paddy 
fields near the Yangtze River and the WLFZ soil of 
the Three Gorges Reservoir. Their abundance, 
compositions and diversity were discussed. 

 
 

MATERIALS AND METHODS 

 
Sample collection and determination of 

physical and chemical characteristics. Six sample 
sites were selected along WLFZ of the Three Gorges 
Reservoir in March 2014 (Fig. 1): XXH (Xiangxihe, 

(Xiaojiang, ), ZXH 
(Zhuxihe, ) and PS 
(Paddy soil, ). The 
water level in the WLFZ of the Three Georges 
Reservoir was decreasing during the sampling 
period, but the sampling sites were still covered by 
20 - 30 cm of water. PS samples were collected from 
a flooded paddy field along the Yangtze River near 
Fuling during the rice seedling period. Soil samples 
were collected from the fields using a plexiglass ring 
sampler (5 cm diameter and 30 cm length). The soil 
cores were placed in sterile plastic bags, sealed and 
transported to the laboratory on ice. Then they were 

sliced at 10 cm intervals, and slices of the same depth 
(at least five slices in one field) were mixed to form 
one composite sample. All samples were sectioned 
into two subsamples: one frozen at -80 °C for 
molecular analysis and the other stored at 4 °C for 
analysis of physical and chemical characteristics. 

The physical and chemical characteristics were 
determined using standard methods. Soil pH was 
measured by pH S-2F digital acidity meter (Leici, 
Shanghai, China) at a soil/water ratio of 1:2.5. Total 
organic carbon (TOC) was determined by the 
K2Cr2O7 oxidation method and ammonium, nitrite 
and nitrate were extracted from the soil using 2 M 
KCl according to the previous report [14]. Then, 
their contents were measured by Dionex DX-120 ion 
chromatography following EPA Standard Method 
4110. The characteristics of the samples are shown 
in Table 1. 

 
DNA extraction, quantification of M. 

oxyfera-like, anammox and total bacteria. 
Genomic DNA of each sample was extracted from 
0.5 g soil (dry weight) sample using a Soil DNA kit 
(OMEGA BIO-TEK, Norcross, GA, USA) 

Extracted DNA was then examined using a 
NanoDrop 2000 spectrophotometer (Thermo Fisher 
Scientific, Wilmington, DE). 

The copy numbers of M. oxyfera-like, 
anammox and total bacteria were quantified through 
a real-time PCR technique. The primers and PCR 
conditions are shown in Table 1s. The standards 
were prepared using serially diluted plasmid DNA 
with 103 - 108 -1. Two independent 
real-time PCR assays were performed on each of the 
three replicate DNA samples. Standard curves were 
generated by plotting the threshold cycle values vs. 
log10 of the gene copy numbers. 

 
Phylogenetic analysis of M. oxyfera-like and 

anammox bacteria. Phylogenetic analysis of M. 
oxyfera-like bacteria was conducted through 
analyzing 16S rRNA genes and an important 
functional gene, pmoA gene. For 16S rRNA gene 
amplifications, nested-PCR was performed with a 
specific forward primer 202F and a universal 
bacterial reverse primer 1492R in the first round, and 
a specific PCR primer-pair of qP1F-qP2R in the 
second round. For pmoA gene amplifications, 
another nested PCR was conducted with forward 
primer A189-b and reverse primer cmo682 in the 
first round, and a specific primer pair of cmo182 and 
cmo568 in the second round. Phylogenetic 
relationships of anammox bacteria were analyzed 
through hzsB genes using a pair of primers, hzsB-
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396F and hzsB-742R, which are very specific to 
anammox bacteria. The detailed information on all 
the primes and reaction conditions were shown in 
Table 1s. 

The above PCR products were respectively 
ligated to pMD19-T vector (TaKaRa) according to 

E. coli DH5-
50 positive clones were selected for sequencing from 
each library (GENEWIZ, Beijing, China). The 
quality of the recovered sequences was checked 
using the Chromas Lite (version 2.01) program. 
Phylogenetic trees were constructed by using the 
neighbor joining method in MEGA 4.1 software, and 
the robustness of tree topology was tested by 
bootstrap analysis (1000 replicates). 

 
Statistical analysis. The operational 

taxonomic unit (OTU) cut-off values of 3 and 7 % 
were applied to determine the 16S rRNA gene and 
pmoA gene diversities of M. oxyfera-like bacteria, 
respectively. Meanwhile, the cut-off values of 10 % 
were used to determine the hzsB gene diversity of 
anammox. OUT, alpha diversity (Chao1 estimator 

clone library were generated by Mothur program.  
 
Nucleotide sequence accession numbers. The 

sequences reported in this study were deposited in 
the GenBank database under accession numbers 
KP708851-KP708984 (M. oxyfera-like 16S rRNA 
genes), KP743748-KP743872 (M. oxyfera-like 
pmoA genes), and KP743873-KP743791 (anammox 
hzsB genes). 

 

 
 

TABLE 1 
Physical and chemical characteristics of the samples recovered from soils of the WLFZ. TOC-total organic 

carbon, Wdm-dry matter content on a mass basis, bd-below detection limit. 
 

Sampling  
site 

Depth 
(cm) 

pH 
TOC 

(g / kg) 
Wdm 
(%) 

NO3
--N 

(g / kg) 
NO2

--N 
(g / kg) 

NH4
+-N 

(g / kg) 
Fe 

(g / kg) 

XXH 0~10 7.13 7.39 76.55 0.022 bd bd 0.37 

 10~20 7.02 3.87 74.88 0.016 bd bd 0.38 

 20~30 7.08 6.78 77.62 0.008 bd bd 0.18 

WS 0~10 7.24 8.6 70.48 0.061 bd bd 0.41 

 10~20 6.84 9.89 75.98 0.176 bd bd 0.15 

 20~30 6.86 8.47 78.01 0.050 0.0004 bd 0.23 

WJG 0~10 7.5 9.35 66.34 0.017 bd bd 0.39 

 10~20 7.5 13.95 71.43 0.040 bd bd 0.44 

 20~30 7.93 8.13 73.78 0.020 bd 0.0126 0.39 

XJ 0~10 7.5 5.02 75.59 0.023 bd bd 0.33 

 10~20 7.63 4.07 79.08 0.023 bd bd 0.36 

 20~30 7.76 6.71 80.91 0.027 bd bd 0.36 

ZXH 0~10 7.37 14.08 70.23 0.027 bd bd 0.09 

 10~20 7.5 13.13 72.64 0.006 bd bd 0.31 

PS 0~10 7.01 9.08 71.1 0.036 bd bd 0.34 

 10~20 7.05 8.47 73.32 0.014 bd bd 0.29 

 20~30 7.8 7.45 74.99 0.030 bd bd 0.31 

Table 1s. Annual average methane emission of sampling sites and some other environments recovered from 
publications. 
Table 2s. The primers and thermal profiles used in the current study. 

-diversity of 16S rRNA and pmoA gene in M. oxyfera-like bacteria 
and hzsB gene in anammox bacteria collected from the WLFZ. 
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FIGURE 1 

The study area and sampling sites in the water-level-fluctuation zone of the Three Gorges Reservoir in 
 city names). 

Fig. 1s. Relative proportions of the copy numbers of M. oxyfera-like and anammox bacteria to total bacteria in 

amples from Wangjiagou, 

In each sampling site, three samples were collected from soil core with depth of 0 - 10 cm, 10 - 20 cm and 20 - 
30cm, and were assigned the same sampling name. 
 
 
RESULTS AND DISCUSSION 

 
Distribution and abundance of M. oxyfera-

like and anammox bacteria in the WLFZ of the 
Three Gorges Reservoir. Quantitative PCR using 
primer pairs specific to 16S rRNA genes of total 
bacteria, M. oxyfera-like bacteria and anammox 
bacteria was conducted across all the samples from 
six sample sites in Fig. 1. The results reflected 
relative abundance of these bacteria in different 
sampling sites (Fig. 2). The copies of total bacteria 
ranged from 1.41 × 1012 to 3.73 × 1013 g 1 soil among 
samples with about one or two orders of magnitude 
decrease in some deeper samples (20 - 30 cm). The 
abundance of M. oxyfera-like and anammox bacteria 
clearly varied between different samples, especially 
in different sites. The copies of M. oxyfera-like 
bacteria in samples of WLFZ ranged from 1.15 (± 
0.2) × 105 to 1.48 (± 0.16) × 107 g 1, which were 
much higher than 1.20 (± 0.19) × 104 to 2.53 (± 0.39) 

× 104 g 1 in PS samples (p < 0.01). However, the 
copies of anammox bacteria in samples of WLFZ 
ranged from 1.07 (± 0.42) ×103 to 7.77 (± 0.87) × 104 
g-1, which were generally much lower than 9.78 (± 
0.78) × 103 to 3.65 (± 0.76) × 106 g 1 in the PS 
samples (p < 0.01). 

Fig. 1s shows the trends in the relative 
proportion of M. oxyfera-like or anammox bacteria 
to total bacteria in different sampling sites, which is 
consistent with the values of relative abundance. 

The abundance of M. oxyfera-like bacteria in 
WLFZ soil cores in this study was similar to the 
values reported for other freshwater systems, 
including lake or river sediments, wetland systems 
and a reported paddy soil (105 - 107 copies g-1 
sediment or soil) [3, 4, 7, 9, 10]. However, the 
abundance of anammox bacteria in WLFZ in this 
study was lower than values reported for the river 
sediments and paddy fields (105 - 107 copies g-1 
sediment or soil) [11, 15, 16]. 
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FIGURE 2 

Copy numbers of 16S rRNA genes of M. oxyfera-like, anammox and total bacteria in different soil samples 
recovered from WLFZ and the paddy field samples. XXH, samples from Xiangxihe; WS, samples from 

Wushan; WJG, samples from Wangjiagou; XJ, samples from Xiaojiang; ZXH, samples from Zhuxihe; PS, 
samples from Paddy soil. Special locations of each sampling site were described in material and methods. 
In each sampling site, three samples were collected from soil core with depth of 0 - 10 cm, 10 - 20 cm and 

20 - 30cm, and were assigned the same sampling name. ** p < 0.01. Bars represent means ± SD from three 
-test. 

 
 
Previous reports showed that M. oxyfera-like 

and anammox bacteria have a competitive 
relationship in a specific environment and fight for 
their common nitrogen source, nitrite. Besides the 
above limited factor, the distribution of these two 
groups of bacteria also depends on the available 
electron donors, CH4 for M. oxyfera-like bacteria 
and ammonia for anammox bacteria. In conditions of 
sufficient ammonia, anammox bacteria will out-
compete M.oxyfera-like bacteria for nitrite [13, 17]. 
In this study, both groups of bacteria were detected 
across all samples, suggesting that they co-occurred 
and were widely distributed in the WLFZ of the 
Three Gorges Reservoir. However, the contents of 
nitrite and ammonia were undetectable in most 
samples (Table 1). One reason might be that nitrite 
was exhausted by M. oxyfera-like and anammox 
bacteria. Nitrite in nature comes from nitrate 
reduction mediated by denitrifying bacteria under 
anaerobic condition, and from ammonia oxidation 
by ammonia oxidizing bacteria under aerobic 
conditions. In this case, WLFZ soil was submerged 
in water for almost six months and formed an 
absolute anaerobic environment. The emission of 
CH4 in this area has been largely reported (Table 2s). 
We detected the presence of nitrate across all 
samples although the values were very low. It is well 
known that nitrate can be reduced to nitrite in such 
anaerobic environments. Therefore, the required 
environmental and nutrimental conditions for the co-
presence of M. oxyfera-like and anammox bacteria 
were present in WLFZ soil. Because of the co-
occurrence of these two groups of bacteria, nitrite 
might be exhausted to undetectable levels. Similar 
results were obtained from Qiantang River sediment 
and an anaerobic bioreactor pulse-fed with nitrate, 

ammonium and CH4, in which nitrite was also 
undetectable [7, 13]. Therefore, nitrite was the limit 
factor for these two groups of bacteria in WLFZ of 
the Three Georges Reservoir.  

For the above reason, the contents of ammonia 
and CH4 should be the determinative factors for the 
relative abundance of M. oxyfera-like and anammox 
bacteria in this study. Ammonia was also 
undetectable in all samples except for WJG in 20-30 
cm (Table 1), possibly explaining the relatively low 
abundance of anammox bacteria. CH4 is considered 
a type of greenhouse gas and its effects were 20 
times higher than that of CO2 [7]. Some lakes, 
especially periodically submerged and exposed 

CH4. However, recent studies reported that the levels 
of CH4 in the WLFZ of the Three Gorges Reservoir 
in China were not as high as other similar 
environments such as tropical and some temperate 
reservoirs as summarized in Table 1s, which might 
have an intimate relationship with the presence of 
CH4 oxidizing organisms such as M. oxyfera-like 
bacteria or other aerobic CH4 oxidizing bacteria. In 
this study, although M. oxyfera-like bacteria usually 
grow slowly, continuous production of CH4 
promoted their growth and resulted in much higher 
abundance of M. oxyfera-like than anammox 
bacteria in WLFZ samples. The high prevalence of 
M. oxyfera-like bacteria greatly decreased the 
discharge of CH4 from sediments and soils in the 
WLFZ. 

Compared to the WLFZ, paddy fields are 
generally fertilized with nitrogenous fertilizers 
leading to high nitrate and ammonium input. This 
would be helpful for the growth of anammox 
bacteria under anaerobic conditions, although, due to 
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being largely consumed in the paddy field, the 
contents of nitrate, nitrite and ammonium in the 
present study were not raised significantly. Our 
results from the flooded PS indicated that the 
anammox bacteria out-competed M. oxyfera-like 
bacteria in such an environment, especially in the top 
layer of the field (0 - 20 cm). In addition, the 
prevalence of anammox bacteria in the flooded PS 
was generally significantly higher than for WLFZ 
(Fig. 2). The relative abundances of anammox and 
M. oxyfera-like bacteria differed from the values 
reported by Shen et al (2014c) in which these two 
groups of bacteria were at levels of the same order 
[105 - 106 copies g-1 (dry weight)] with slightly 
higher abundance of M. oxyfera-like bacteria in 

different layers of a flooded paddy soil. Our 
sampling rice field has been continuously cropped 
with rice for many years-no data on CH4 emission 
was reported here. However, CH4 emission from a 
similar site in Yunyang rice field (also along the 
Yangtze River near one of our sampling sites, XJ) 
was 4.86 mg m-2 h-1, which was more than 10 times 
of the mean CH4 emission in the WLFZ and the total 
mean values of the Three Georges Reservoir (Table 
2s). Corresponding to this data, the abundance of M. 
oxyfera-like bacteria in the PS was significantly 
lower than that from the samples in WLFZ, which 
again suggested that M. oxyfera-like bacteria play 
important roles in lowering CH4 discharge. 

 
 

FIGURE 3
 Neighbour-joining phylogenetic tree showing the phylogenetic affiliations of M. oxyfera-like bacteria 
based on the 16S rRNA gene sequences recovered from sample WJG, WS and ZXH. Bootstrap values 

were 1,000 replicates, and the scale bar represents 2 % sequence divergence. 
 

 FP565575 Candidatus Methylomirabilis oxyfera

 KC503565 Qiantang River sediment BQ

 OTU8 WS (36/44); WJG (10/40)

 OTU7 WS (6/34)

 KC539792 Enrichment culture clone EBa14

 JN704465 Paddy soil clone 

 OTU2 WS (2/34)

 OTU5 WJG (1/40)

 AB661494 Lake Biwa sediment clone R29

 OTU6 WJG (11/40)

 KC341160 Wetland ecosystems clone TLM-09

 OTU14 WJG (1/40)

 OTU13 WJG (7/40)

 KC341056 Wetland ecosystems clone HHT1-1

 JN704444 Paddy soil clone 5-10

 OTU16 WJG (1/40)

Group A

 OTU11 WJG (1/40)

 OTU4 WJG (1/40); ZXH (10/44)

 JN704428 Paddy soil clone 1-7

 AB661499 Lake Biwa sediment clone R8

 OTU9 WJG (1/40)

 KC341087 Wetland ecosystems clone JXCW-0

 KC341185 Wetland ecosystems clone YMY-7

 OTU10 WJG (1/40); ZXH (32/44)

 FJ621549 Enrichment culture clone Ino-F2

Group B

 DQ906843 Subsurface soilOman

 AB179508 Sedimentary rock
Group C

 OTU15 WJG (5/40)

 AY225657 Marine sediment

 AF317743 Nullarbor caves

 AM991185 Karst groundwater

 EU491462 Ocean crust

Group D

 KF754847 Flooded paddy field

 OTU3 ZXH (1/44)

 JX235766 Enrichment culture clone TH5-10

 OTU1 ZXH (1/44)

 OTU12 WJG (1/44)

 JN704427 Paddy soil clone 1-6

Group E

 NR 036779 Geothrix fermentans

 D26171 Acidobacterium capsulatum
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The difference in abundance of M. oxyfera-like 
or anammox bacteria in samples within sampling 
sites was not significant (p > 0.05), although there 
was a slight decrease with increasing depth in some 
sites. This reflected an insufficient sampling depth in 
this study. 

 
Compositions and diversity of M. oxyfera-

like bacteria in WLFZ soils. Based on the above 
abundance detection, three sampling sites (WS, 
WJG and ZXH, respectively) that reflected the 
highest, middle and lowest abundance of M. oxyfera-
like and anammox bacteria were selected to research 
the diversity and compositions of M. oxyfera-like 
and anammox bacteria. The number of sequences, 

-diversity were shown 
in Table 3s.  

16S rRNA and pmoA genes were used to 
analyze the diversity and compositions of M. 
oxyfera-like bacteria. A total of 134 positive 16S 
rRNA gene sequences were obtained from the three 
samples and 128 of them (i.e. 95.5 %) were 
identified as related to M. oxyfera-like bacteria (> 
84.38% similarity). These M. oxyfera-like bacteria 
are allocated to the candidate division NC10 (NC10 
bacteria). According to Ettwig et al., members of M. 
oxyfera-like bacteria are clustered into four groups, 
Groups A-D. In this study, the 128 M. oxyfera-like 
16S rRNA gene sequences were binned into 16 
OTUs based on 3 % differences, among which 13 
OTUs fell into Groups A, B and D (Fig. 3) [18]. No 
sequence was found to fall into Group C. In sample 
WS, all 44 sequences were binned into only three 
OTUs, among which 81.8 % of them were OTU8. 
OTU8 was clustered into Group A in the 
phylogenetic tree and had the highest similarity 
(98.82 %) with the 16S rRNA gene sequence of 
Candidatus Methylomirabilis oxyfera
(Fig. 3) [2]. Sample WJG had much more diversity 
of M. oxyfera-like bacteria, indicated by a total 12 
OTUs and distribution in Group A, B, D and E. The 
most prevalent OTUs (OTU6 and 8) in sample WJG 
were clustered in Group A together with a wetland 
ecosystem clone TLM-09 [19] and a Qiantang River 
sediment clone BQ [7], respectively. The latter was 
also shared by WS and closely related to the 16S 
rRNA gene sequence of Candidatus 
Methylomirabilis oxyfera

Most of sequences in sample ZXH were binned into 
OTU10 (72.7 %) and OTU4 (22.7 %) which had the 
most similarity with an enrichment culture clone 
Ino-F2 and a paddy soil clone, respectively, in Group 
B [6, 18]. Although Group A was a common group 
of M. oxyfera-like bacteria, no sequence fell into this 

group from sample ZXH. Totally, the diversities of 
M. oxyfera-like bacteria were generally higher than 
other reported environments [3, 5, 9]. 

Previous studies showed that the M. oxyfera 
bacterial genome contains the complete pathway for 
aerobic oxidation of CH4 [2]. So the pmoA gene, 

-subunits of particulate 
methane monoxygenase, can be used as a functional 
marker to monitor and identify M. oxyfera-like 
bacteria on a functional level [20]. In this study, a 
total of 141 positive pmoA sequences were obtained 
from the above three samples and 134 of them were 
identified as related to pmoA of M. oxyfera 
(similarity > 84.62 %). They were binned to 10 
OTUs based on 7 % differences using Mothur 
program and fell into the six clusters in the 
phylogenetic analysis using the phylogenetic tree of 
Shen et al. [7] as a reference (Fig. 4). In the samples 
of both WJG and WS, the most abundant pmoA 
genes were represented by OTU8 (in Cluster I) 
occupying 60 % and 56.2 % of the total pmoA 
sequences for the two samples respectively. 
Compared to other OTUs, sequences of OTU8 had 
the highest identities (90.51 - 95.38 %) with the 
pmoA of M. oxyfera. This result was consistent with 
the analysis results of 16S rRNA gene sequences in 
which the sequences of the most abundant OTUs in 
the samples of both WJG and WS had the highest 
identities with M. oxyfera. As for the 16S rRNA gene 
sequence analysis results, pmoA gene sequences 
from ZXH were far from the pmoA of the known 
isolate, Candidatus Methylomirabilis oxyfera
(FP565575), and no pmoA sequence from ZXH was 
assigned to Clusters I and Cluster II. The most 
abundant sequences from ZXH were represented by 
OTU5 occupying 86.8 % of the recovered pmoA 
sequences. They were grouped into Cluster III in the 
phylogenetic tree and had identities of 88.51 - 88.72 % 
with the gene from Candidatus Methylomirabilis 
oxyfera  

Although assigned to 10 OTUs and six clusters, 
the similarity among the recovered pmoA sequences 
was very high (84.62 - 100 %) in this study. The 
same phenomena were also found in other 
environments such as Lake Constance [5], paddy 
fields [6] and peatlands [4]. This result implied that 
the evolution of pmoA genes was slower than 16S 
rRNA genes in M. oxyfera-like bacteria; however, 
the pmoA were still good biomarkers for M. oxyfera-
like bacteria in the environment. The diversity of 
pmoA genes in this study was higher compared to 
previous reports in other paddy soils, a freshwater 
reservoir, activated sludge [21] and wetlands [9], in 
which at most seven OTUs were detected. 
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FIGURE 4 
Neighbour-joining phylogenetic tree showing the phylogenetic affiliations of M. oxyfera-like bacterial 

pmoA gene sequences recovered from sample WJG, WS and ZXH. Bootstrap values were 1,000 replicates, 
and the scale bar represents 5 % sequence divergence. 

 
 

Compositions and diversity of anammox 
hzsB genes in WLFZ soils. Several methods have 
been used to detect the presence and activity of 
anammox bacteria in the environment, including 16S 
rRNA gene-based approaches, among which a hzsC, 
hzsB and hzsA gene cluster, responsible for the 
hydrazine synthase protein was confirmed and 
considered to be very good biomarker due to their 
absence from other genomes sequenced so far [22]. 
In this study, we used hzsB as the biomarker to 
investigate the diversity of anammox bacteria in 
WLFZ soil. 

A total of 101 positive hzsB sequences were 
obtained from the three samples (WJG, WS and 
ZXH) and binned into 11 OTUs based on 10 % 
differences in the recovered hzsB sequences of 
anammox (Table 3s and Fig. 5). Further 
phylogenetic analysis showed that all hzsB 
sequences recovered in the three samples were 
clustered into four groups: Groups A - D (Fig. 5). 
The sequences in Group A, B and D had identities of 
88.02 - 89.06 %, 84.11 - 86.58 % and 89.58 - 
98.44 %, respectively, with the hzsB from the known 
anammox species, Candidatus Brocadia fulgida
Candidatus Brocadia anammoxdianas

Candidatus Kuenenia
from samples WS and ZXH formed an individual 
cluster, Group C, displaying 76.82 - 79.43 % 
identities with hzsB from the above described 
anammox species. Of the 101 hzsB sequences, 58.42 % 
were clustered with Candidatus Brocadia fulgida
in Group A. These sequences were present in all 
three samples and thus represented the dominant 
species of anammox bacteria in WLFZ, especially 
samples WS and ZXH. The sequences from WJG 
were mostly distributed in Groups B and D, 
suggesting that species of Candidatus Kuenenia
and Candidatus Brocadia anammoxdianas
dominant. The phylogenetic tree showed that Groups 
A and Group B represented different species of 
genus Candidatus Brocadia  

In this study, only two genera, Candidatus 
Brocadia Candidatus Kuenenia

detected in the samples of WLFZ; and Candidatus 
Brocadia

81.2 % of the total representative sequences (Groups 
A and B). This result was consistent with previous 
conclusions that representatives of Candidatus 
Brocadia

in soils [6, 23]. 

 FP565575 Candidatus Methylomirabilis oxyfera

 JF706196 Inoc b Lieshout clone

 OTU8  WJG (30/50); WS (26/46)

 KJ363873 Highland lakes sediment clone S

 KF546872 Paddy field soil clone JYPS4-97

 OTU10 WJG (2/50)

 OTU9 WJG (5/50); WS (2/46)

 JF706203 Enr c Lieshout clone

Cluster 

 KC512364 Jiaojiang Estuary sediment clone

 OTU3 WS (3/46)

 AB661619 Lake Biwa sediment clone

Cluster  

 JX531982 West Lake sediment clone PXH-10

 OTU5 ZXH (33/38); WS (1/46)

 KJ363741 Highland lakes sediment clone 

 OTU2 WJG (3/50)

Cluster 

 KC341327 Wetland ecosystems clone CH-03

 OTU6 WJG (5/50)
Cluster 

 KC512367 Jiaojiang Estuary sediment clone

 OTU1 WJG (5/50); WS (11/46)
Cluster 

 KC512311 Jiaojiang Estuary sediment clone

 OTU7 ZXH (5/38)

 KC512355 Jiaojiang Estuary sediment clone

 OTU4 WS (3/46)

Cluster 

 HQ698932 Ooijpolder-ditch-B24 clone

 JF706210 WWTP a Lieshout clone

 FJ462788 Methylacidiphilum kamchatkense
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FIGURE 5 

Neighbour-joining phylogenetic tree showing the phylogenetic affiliations of anammox hzsB gene 
sequences recovered from sample WJG, WS and ZXH. Bootstrap values were 1,000 replicates, and the 

scale bar represents 5 % sequence divergence. 
 
 

The n-damo process has received much 
attention in recent years due to its important roles in 
linking the two major global nutrient cycles of 
carbon and nitrogen, providing a sinking for the 
greenhouse gas CH4 and alleviating the greenhouse 
effects [9]. The presence of M. oxyfera-like bacteria 
that mediated the n-damo process has been 
confirmed in various environments such as wetlands 
[9], sediments of lakes [5] and minerotrophic 
peatland [4], etc. However, the co-occurrence of n-
damo and another important nitrogen conversion 
process, anammox process, has only been reported 
in paddy fields and saline lakes [6, 10, 24]. This is 
the first report on co-occurrence of M. oxyfera-like 
and anammox bacteria responsible for these two 
processes in a WLFZ soil. The special hydrological 
regime in WLFZs formed a unique soil environment 
with annual alternating organic matter deposition 
and anoxic CH4 emission. Pollution from various 
sources provides nitrogen nutrients for these two 
groups of functional bacteria. The results in this 
study indicated a higher diversity of M. oxyfera-like 
and anammox bacteria in WLFZ soil than other 
reported environments.  

CONCLUSION 

 
This study includes the first report of the co-

occurrence of M. oxyfera-like and anammox bacteria 
in WLFZ soils in the Three Georges Reservoirs in 
China. The abundance of M. oxyfera-like bacteria in 
all WLFZ soil samples was much higher than in the 
paddy field in this study. Within WFLZ soil samples, 
the relative abundance of M. oxyfera-like bacteria 
was significantly higher than that of anammox 
bacteria, which was contrasted with the case in the 
paddy field. These phenomena implied that the 
limited nitrogen source and annual alternating CH4 
emission and organic carbon source deposition in 
WLFZ environments were the main factors 
determining the relationship of these two important 
groups of bacteria in WLFZ, although further 
confirmation is required. Higher diversities of M. 
oxyfera-like and anammox bacteria were detected in 
WLFZ soils than in other reported natural 
environments.  
 
 

 JN704467 Dith sediment Ooipolder

 OTU8 WS (10/35); WJG (8/33); ZXH (13/33)

 OTU10 WS (4/35); WJG (1/33); ZXH (1/33)

 OTU9 WS (4/35); ZXH (8/33)

 JN704473 Ca. Brocadia fulgida

 JN704470 Wetland sediment Propionaat

 OTU4 WS (2/35); WJG (3/33); ZXH(3/33)

 JN704469 WWTP sludge Rotterdam

Group A

 OTU11 WS (1/35

 OTU7 ZXH (1/33)

 OTU5 WS (8/35); WJG (9/33); ZXH (3/33)

 OTU3 WS (1/35); ZXH (2/33)

 JN704472 Ca. Brocadia anammoxidan

Group B

 JN704474 Ca. Jettenia sp.

Group C OTU2 WS (3/35); ZXH (2/33)

 OTU1 WS (1/35)

 JN704475 Ca. Kuenenia sp.

 OTU6 WS (1/35); WJG (12/33)

Group D

 JN704476 Candidatus Scalindua sp.
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ABSTRACT 

Most of the Geranium species are cultivated as 
medical plants and its roots are used in classical 
medicine, tanning, and staining. In this study, we 
phylogenetically analysed the 18S-26S rDNA the 
internal transcribed spacer (ITS) gene of Geranium 
species collected from different regions of Turkey to 
reveal the genetic diversity of them. Six haplotypes 
were found within all Geranium samples collected 
from Turkey by creating phylogenetic trees with 
neighbour-joining (NJ), maximum-parsimony (MP) 
and maximum-likelihood (ML) algorithms. The 
relationship between our haplotypes and Geranium 
species was well supported based on nucleotide 
sequence similarity and the pairwise genetic 
divergence analyses. Six haplotypes obtained in this 
study were clearly appeared in the same lineage with 
Geranium gracile, Geranium ibericum, Geranium 
asphodeloides, Geranium microphyllum, Geranium 
sp., Geranium dissectum. In addition, Geranium 
microphyllum, Geranium sp. and Geranium 
dissectum are the first reported by molecular 
phylogenetic analyses based on rDNA-ITS gene 
within all investigated Geranium samples collected 
from Turkey. 

 
 

KEYWORDS: 
Geraniaceae, Geranium, Internal Transcribed Spacer, 
phylogeny 

 
 

INTRODUCTION 

The genus Geranium L. (Geraniaceae) covers 
400 species which distributed in most of the 
temperate areas and in tropical mountains of the 
world [1]. According to the classification reported by 
Yeo [2], Geranium is divided into three subgenera: 
subgen. Erodioidea (Picard) Yeo, subgen. 
Robertium (Picard) Rouy, and subgen Geranium. G. 
subgen. Geranium is the largest subgenus with more 
than 370 species classified in ten sections [3,4].   

Geranium dissectum is a major floras of the 
Eastern Mediterranean areas and their around. 
However, Geranium asphodeloides (subsp. 
asphodeloides and subsp. sintenisii) was accepted as 
the Turkish taxa by Davis [5]. Davis described subsp. 

sintenisii as Geranium asphodeloides s. str. in that 
time. Geranium davisianum was reported by Pesmen 
[6] and Geranium chelikii as previously described by 
Kit Tan and Yildiz [7] were new species in Turkey, 
but their species were included in Geranium 
sintenisii. 

Geranium ibericum subsp. jubatum which is 
endemic for the Black Sea Region and Geranium 
stepporum were recognized as a distinct species as 
previously described in the floras of Turkey by Davis 
[5] and Iranica by Schönbeck-Temesy [8], however 
more recently, Geranium stepporum brough to 
synonymy of Geranium tuberosum [9]. 

According to our knowledge, several the 
Geranium species in Turkey has been reported with 
molecular phylogenetic studies providing nucleotide 
sequence data. Geranium sintenisii (AY944417 road 
Torul to Trabzon and Gumushane, road Yeniyol to 
Yagmurdere of Turkey) and Geranium 
asphodeloides (AY944414- Evciler, Kaz Dagi and 
AY944415- Bandirma, Erdek of Turkey) within the 
genus Geranium L. were reported in Turkey by Aedo 
et al. [10]. Geranium gracile (AJ884925), Geranium 
ibericum (AJ884927), Geranium kurdicum 
(AJ884930),  Geranium libani (AJ884932),  
Geranium platypetalum (AJ884938), Geranium 
tuberosum (AJ884946) in Turkey were found by 
Aedo et al. [3]. 

The phylogenetic relationships of the other 
native Geranium species in Turkey have not been 
reported, so far. We were performed phylogenetic 
study to provide more information toward the rDNA-
ITS nucleotide sequences of Geranium species in 
Turkey. Thus, the aim of this study was to investigate 
between phylogenetic relationships of Geranium 
species the different regions of Turkey and the 
previously reported species from here, using 18S-
26S rDNA-ITS nucleotide sequences.  

 
 

MATERIALS AND METHODS 

Plant materials. Fourteen plant samples of the 
Geranium species collected freshly from different 
geographic locations in Turkey and seven samples 
from herbarium of Ordu University were used in this 
study. Table 1 presented the Geranium species used 
in the study with information on locations and origin. 
The young leaves of Geranium plants were taken  
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TABLE 1 
The Geranium species used in the study with information on locations and origin and  

EMBL accession numbers for the rDNA- ITS nucleotide sequence

 
from investigating sites and they were kept in a 
refrigerator until use for DNA extraction. 

 
DNA extraction and PCR amplification. 

DNA was extracted from the herbarium and young 
leaves of the Geranium species with CTAB method 
described by Haymes [11] and this protocol was used 
with some modifications as described before by Eker 
and Kolören [12]. Briefly, Starting plant materials 
(20 mg) were ground using a hand pestle under liquid 
nitrogen. The extraction buffer, 
chloroform/isoamylalcohol (24/1), ethanol/acetate 
(96/4), ethanol (70%) was applied according to 

 [11] protocol, respectively. Then, RNAse 
(Qiagen)100 mg/mL) was added to DNA to get rid 
of RNA contamination. DNA was kept at -20 °C 
until using for PCR. ITS1 and ITS4 [13] gene 
fragments were amplified using polymerase chain 
reaction (PCR). The PCR reaction (25 L) contained 
10 mmol/L dNTPs, 2.5 mmol/L of MgCl2, 10 
mmol/L of primers, 1 L of template DNA, 5 U Taq 
polymerase (Thermo Scientific, Maxima Hot Start). 
The PCR was performed with a thermal cycler 
(PeqLab),  starting at 95 °C for 5 min, followed by 
35 cycles of 95 °C for 1 min, 48.7 °C for 2 min and 
72 °C for 2 min, and a final extension at 72 °C for 7 
min. After staining with ethidium bromide (1 
mg/mL), PCR products were appeared under the 
QUANTUM ST5 (Vilber Lourmat) gel system.  

 
Phylogenetic analyses. The PCR products 

were sequenced commercially by Macrogen Inc. 
(Amsterdam, the Netherlands) for forward and  

 
reverse with primer set ITS1/ITS4. BioEdit [14] was 
used for combining the sequenced fragments. 
BLAST (Basic Local Alignment Search Tool in 
NCBI) scores for multiple nucleotide allignments 
between our Geranium samples and the other 
references of Geranium from GenBank were applied 
with ClustalX [15] and set aright with BioEdit [14]. 
Neighbor-Joining (NJ), Maximum-Parsimony (MP) 
and Maximum-Likelihood (ML) algorithms were 
conducted to evaluate the phylogenetic relationships 
between our samples and references from GenBank. 
Bootstrap analysis of the MP and ML were 
performed with 1.000 replications and 10.000 
replications for NJ analyses to show satisfied 
with  the trees. Genetic distances for our haplotypes 
were calculated using MEGA version 5.05. All 
haplotype sequences obtained in this study were 
deposited in the European Molecular Biology 
Laboratory (EMBL) data bank 
(https://www.ncbi.nlm.nih.gov/genbank/update/) 
under accession numbers KX360638- KX360658 
(Table 1). 

 
 

RESULTS AND DISCUSSION 

The phylogenetic approaches with ITS and ETS 
nucleotide sequences are used as an alternative to the 
systematics of Linnaean system for classification of 
plant taxa. Thus, more recently, phylogeneticaly 
analyses of the rDNA ITS nucleotide sequences 
were used to show the genetic diversity among  

Number of 
samples 

Locations Origin EMBL 
Accession No 

Haplotypes 

O1 Ordu-Central Herbarium KX360638  
 
 
Haplotype I 
 

O2 Ordu-Central Fresh young leaves KX360639 
O3 Ordu-Central Fresh young leaves KX360640 
O4 Ordu-Central Fresh young leaves KX360641 
O5 Ordu-Fatsa Fresh young leaves KX360642 
O6 Ordu-Persembe Fresh young leaves KX360643 
O7 Ordu-  Fresh young leaves KX360644 Haplotype II 
O8 Ordu-Ulubey Fresh young leaves KX360651 Haplotype III 
O9 Ordu-Efirli Fresh young leaves KX360652 Haplotype IV 
G1 Giresun-Bulancak Fresh young leaves KX360649  

 
Haplotype V 

G2 Giresun-Piraziz Fresh young leaves KX360650 
A1 Adana-  Fresh young leaves KX360645 
A2 Adana-  Fresh young leaves KX360646 
A3 Adana-Catalan  Fresh young leaves KX360647 
A4 Adana-Catalan Fresh young leaves KX360648 
M1 Manisa Herbarium KX360653 Haplotype IV 

 M2 Manisa Herbarium KX360654 
M3 Manisa Herbarium KX360655  
M4 Manisa Herbarium KX360656  
Mu1 Mugla Herbarium KX360657 Haplotype VI 
Mu2 Mugla Herbarium KX360658 



© by PSP  Volume 25  No. 12/2016, pages 5467-5472  Fresenius Environmental Bulletin  

5469 

TABLE 2 
List of reference sequences from EMBL 

GenBank used for phylogeny analyses with  
     their accession number, origin and references 

 
Species EMBL 

accession 
No. 

Origin Referenc
es 

Geranium 
asphodeloid

es 

AY94441
4 

Turkey [10] 

Geranium 
sintenisii 

AY94441
6 

Turkey [10] 

Geranium 
ibericum 

AJ88492
9 

Great 
Britain 

[3] 

Geranium 
pusillum 

AF16715
1 

Great 
Britain 

[19] 

Geranium 
tuberosum 

AJ88494
6 

Turkey [3] 

Geranium 
crenophilum 

AY94441
2 

Lebano
n 

[10] 

Geranium 
dissectum 

AY94441
3 

Spain [10] 

Geranium 
gracile 

AJ88492
4 

Georgi
a 

[3] 

Geranium 
kurdicum 

AJ88493
0 

Turkey [3] 

Geranium 
libani 

AJ88493
2 

Turkey [3] 

Geranium 
renardii 

AJ88494
0 

Georgi
a 

[3] 

Geranium 
sylvaticum 

DQ13191
4 

Sweden [20] 

Geranium 
platypetalu

m 

AJ88493
7 

Georgi
a 

[3] 

 
organisms. ITS and ETS markers have still common 
phylogenetic signal between datasets, though 
recombination may have presented among the 
haplotypes. The similar groups can be appeared in 
the ITS and ETS networks at the end of branches 
with multiple paths [16]. The phylogenetic affiliation 
of the closely related species could be fast evolved 
by rDNA-ITS regions [17].  

There are some researches about rDNA-ITS 
haplotypes of Geranium species were reported in 
GenBank. For instance, Adeo et al. [10] performed 
taxonomic revision of Geranium sect. Dissecta 
(Geraniaceae) and Adeo et al. [3] reported the 
taxonomic revision of Geranium Subsect. 
Mediterranean (Geraniaceae) by using  plastid trnL-
trnF spacer and ribosomal nuclear ITS regions with 
maximum parsimony and bayesian analyses to show 
phylogenetic relationship of them. Mitchell et al. 
[16] reported transcribed spacers of nrDNA (ITS1-
5.8S-ITS2 and ETS) markers to represent 
phylogenetic relation of the New Zealand species of 
Geranium and they found that low DNA sequence 
variation for the indigenous New Zealand species of 

Geranium. Nishida et al. [18] reported the 
molecular phylogenetic analyses of Geranium 
robertianum populations recently found in Japan by 
using the plastid regions of the trn L intron, trnL3'-
trnF and trnHpsbA intergenic spacer regions, and the 
nuclear internal transcribed spacer (ITS). 

According to information obtained references, 
there are limited studies about the Geranium species 
in Turkey, so far. Aedo et al. [3,10] reported the 
Geranium species in Turkey such as Geranium 
gracile (AJ884925), Geranium ibericum 
(AJ884927), Geranium kurdicum (AJ884930), 
Geranium libani (AJ884932), Geranium 
platypetalum (AJ884938), Geranium tuberosum 
(AJ884946), Geranium asphodeloides (AY944414), 
Geranium sintenisii (AY944416). 

In our study, we presented molecular 
phylogenetic analyses of the Geranium species 
collected from different regions of Turkey by using 
the 18S-26S (rDNA-ITS) (approximately 695 bp) 
gene. Thus, we found Geranium gracile, Geranium 
ibericum, Geranium asphodeloides in investigated 
area as previously described by Aedo et al. [3,10]. In 
addition, we found Geranium microphyllum, 
Geranium sp., Geranium dissectum, besides of 
previously reported Geranium species.  

According to BLAST results, we determined 
our haplotypes are related to Geranium species and 
we set up a data set as shown in Table 2. The list of 
reference sequences from GenBank used for 
phylogeny analyses with their accession numbers in 
this study as presented in Table 2.  
Phylogenetic analyses were performed over 648 
alligned nucleotides with  372 segregating sites. 
In our study, we found six haplotypes among 
analysed plant samples. Haploype-I was presented 
by six samples (O1, O2, O3, O4, O5, O6). 
Haplotype-II (O7), Haplotype-III (O8), Haplotype-
IV (O9, M1, M2, M3, M4), Haplotype-V (G1, G2, 
A1, A2, A3, A4) and Haplotype-VI (Mu1, Mu2) 
were represented in our samples. The phylogenetic 
trees drawn with NJ, MP and ML algorithms and our 
haplotypes were placed in the same lineage with 
Geranium gracile, Geranium ibericum, Geranium 
asphodeloides, Geranium microphyllum, Geranium 
sp. and Geranium dissectum as shown in Figure 1. 

The nucleotide sequence similarities between 
our haplotypes and references shared the same 
lineage as shown in Table 3. Haplotype-I represented 
as sister to Geranium gracile with 100% nucleotide 
sequence similarity and the pairwise genetic 
divergence was 0.000. This relation was supported 
with 97%, 92% bootstrap value in the NJ and ML 
trees. Haplotpe-II appeared as sister to the lineage 
Geranium ibericum and its nucleotide sequence 
similarity was 100% and the pairwise genetic 
divergence was 0.000. 
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FIGURE 1 

Phylogenetic tree with NJ algorithm between Geranium haplotypes from this study and references of 
Geranium species obtained from GenBank. Bootstrap values (higher than 70%) from NJ, ML and MP 

analyses are shown, respectively. 
 

This node was also approved with 94%, 98% and 
100% bootstrap value in the NJ, ML, MP trees. The 
nucleotide sequence similarity and genetic 
divergence between Haplotype-III and Geranium sp. 
were 99.8% and 0.001. This relation was supported 
with 96%, 100% and 99% bootstrap values in the NJ, 
ML and MP trees. Haplotype-IV represented as 
sister to Geranium microphyllum with 99.2% 
nucleotide sequence similarity and the pairwise 
genetic divergence was 0.003. This relation was 
supported with 91%, 85% and 89% bootstrap values 
in the NJ, ML and MP trees. The nucleotide 
sequence similarity and genetic divergence between 
Haplotype-V and Geranium dissectum were 100% 
and 0.000. This node was also approved with 99%, 
100% and 100% bootstrap value in the NJ, ML, MP 
trees. Haplotype-VI represented as sister to 

Geranium asphodeloides with 99.6% nucleotide 
sequence similarity and the pairwise genetic 
divergence was 0.002. This relation was supported 
with 97%, and 92% bootstrap values in the NJ, ML 
trees. 

As a result of this study represented that the 
clade consisting of our six haplotypes in different 
regions of Turkey are closely related with the clade 
of Geranium subgenus (Geranium gracile, 
Geranium ibericum, Geranium asphodeloides, 
Geranium microphyllum, Geranium sp., Geranium 
dissectum). Whereas, Geranium gracile, Geranium 
ibericum, Geranium asphodeloides were previously 
reported in Turkey, Geranium microphyllum, 
Geranium sp. and Geranium dissectum are the first 
reported by molecular phylogenetic analyses based 
on rDNA ITS gene in here. 
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TABLE 3 
The nucleotide sequence percentage similarities and pairwise estimate of evolutionary divergence between 

Geranium haplotypes  obtained in this study and related references Geranium species from GenBank 
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ABSTRACT 

 
This study optimized a microwave induced 

electrodeless ultraviolet (MW-EUV) disinfection 
reactor using computational fluid dynamics (CFD). 
A homemade MV-EUV disinfection reactor was 
utilized to disinfect artificially contaminated water 
samples. The reactor models were established using 
the FLUENT software. The analysis of the flow 
inside the original reactor showed some vortexes in 
the main flowing direction (z-axis), which was 
disadvantageous to the disinfection. Keeping the 
shape and size of the reactor unchanged, the layout 
and the number and length of the folded plates were 
improved. This improved the flow regime and the 
water flow could achieve the hydrotechnics 
conditions of an ideal disinfection reactor. The 
optimal cylindrical reactor was 160 mm high and 
140 mm in diameter. It had four layers of 118-mm-
long subtended-opening folded plates, with 32 mm 
distance between the two plates. The disinfection 
effects of the optimal and original reactors were 
compared. The results indicated that the optimized 
reactor could treat a larger volume of water samples 
in a shorter hydraulic retention time (HRT). It 
proved that the bacteria distributed more uniformly 
in the optimized reactor and received a higher UV 
dose, so that the disinfection effect improved. Hence, 
the optimization of the reactor was realized. 
 
 
KEYWORDS: 
CFD, disinfection, electrodeless ultraviolet, microwave, 

optimization; reactor. 

 
 

 
 

INTRODUCTION 

 
Ultraviolet (UV) disinfection is an effective 

and environmentally friendly technique which is 
suitable for disinfecting drinking water, wastewater, 
and reuse water [1-3]. However, UV disinfection 
may be followed by photoreactivation phenomenon 
[4]. Microwave induced electrodeless UV (MW
EUV) disinfection is a novel inactivation method. 
Microwave and UV could function together to kill 
the bacteria in the water [5]. Microwave disinfection 
depends on the damage of bacterial cell wall and 
membrane to cause leakage from the cell. Moreover, 
microwave can result in the cohesion and 
denaturation of protein, leading to bacterial death [6], 
which is an irreversible destruction. Therefore, 
microwave can offset the photoreactivation of UV. 
The electrodeless UV (EUV) lamp is used as a UV 
source that is lighted by microwave. Compared with 
the traditional UV lamp, the EUV lamp has high 
lighting efficiency, long service life and flexible 
design [7-10]. Generally, MW EUV disinfection is 
a combined inactivation method of microwave and 
UV, which can make the full use of energy and is an 
efficient and energy-saving technique. In a previous 
work, a MW EUV disinfection reactor was designed 
according to the structure and size of the microwave 
oven, which achieved a good inactivation effect in 
the municipal secondary effluent disinfection 
experiments. To improve the sterilization ability of 
the disinfection reactor, the original one needed to be 
optimized. 

In recent years, advancements in computational 
fluid dynamics (CFD) have provided a viable 
alternative approach to the study of gas or water in 
reactors or specified areas [11]. It has many 
advantages, such as extensive application range, 
strong adaptability, no restraint by experimental 
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models, low cost, and high flexibility. Also, CFD can 
simulate the conditions that cannot be simulated in 
the laboratory, such as very complicated multiphase 
flow, toxicity, high temperature, and flammability 
[12]. FLUENT is a commonly used commercial 
CFD software package [13]. It is flow simulation 
software applicable to each field, which can simulate 
fluid flow, heat and mass transfer, chemical 
reactions, and other complex physical phenomena 
[14]. CFD modeling is a powerful tool for the design 
of UV disinfection reactors. Flow fields, UV 
irradiation fields, and microbial inactivation in UV 
disinfection systems and reactor structures all can be 
predicted by CFD [15-21]. Based on the 
aforementioned simulations, the reactor can be 
designed and optimized. 

Aiming at a disinfection reactor with 
determined dimensions and EUV lamp parameters, 
CFD was adopted to predict the flow regime inside 
the disinfection reactor in this study. The layout and 
the number and length of the folded plates in the 
reactor were improved. The flow regime was 
improved, so that the reactor was optimized to 
achieve the purpose of enhancing sterilization ability. 
Plus, the simulation results were verified by further 
experiments. 

 
 
 
 
 
 

MATERIALS AND METHODS 

 
Preparation of indicator microorganisms 

and water samples. Escherichia coli ATCC8739 
and Bacillus subtilis ATCC9327 were supplied by 
Guangdong Microbiology Culture Center. The 
bacteria were picked up from the tube with the 
inoculating loop and grown in the broth medium at 
36ºC for 24 h. Then, the medium was centrifuged at 
4000 rpm for 10 min. The sediment was collected 
and washed with phosphate-buffered saline solution 
for two times. The fresh sediment comprised the 
living bacteria detached from the medium. Then, the 
bacteria were put into 100 mL of normal saline to 
make bacterial suspensions. The suspensions should 
be stored in the refrigerator at 4ºC and be used up 
within two days. 

The water samples were prepared with tap 
water and stored for 2 days to eliminate the effect of 
residual chlorine. B subtilis and E coli were added to 
the samples in a proportion of 1:1. The total bacterial 
counts of the water samples were 6.3 × 103 CFU·mL
1, 6.3 × 104 CFU·mL 1, and 6.3 × 105 CFU·mL 1. 

The plate count method was used to measure 
the total bacterial count, and the multiple-tube 
fermentation method was adopted to measure the 
total coliform count. Counting methods and culture 
medium were based on the contents of the book 
"Chinese Water and Wastewater Monitoring 
Analysis Method (Fourth Edition)" [22]. 

 

 
 

 
FIGURE 1 

The schematic diagram of MW UV disinfection device:  
1-microwave oven, 2-power button, 3-time button, 4-disinfection reactor, 5-EUV lamp,  

6-UV lamp holder, 7-folded plate, 8-water inlet and 9-water outlet. 
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FIGURE 2 

Original reactor configuration and computational mesh used in this work:  
(a) side view, (b) plan view and (c) computational mesh. 

 
 
The original disinfection equipment. The 

microwave installation used in this work was a 
reconstructive domestic microwave oven (EM-
202MSI, Sanyo, Nanjing, China). The impulse 
frequency was 2450 MHz, while the microwave 
power was continuously output at 0 600 W. As 
shown in Figure 1, a disinfection reactor was placed 
in the microwave oven. The reactor had four EUV 
lamps. The lamps were 16 mm long with an external 
diameter of 25 mm and had 10 mg Hg and 5 Torr Ar 
gas inside. After the microwave oven was initiated, 
the EUV lamps were lighted by microwave. 
Microwave and UV functioned together to sterilize 
the water. The light intensity of the EUV lamps 
improved due to the increase of microwave power. 
The intensity was 2.0 mW·cm 2 when the microwave 
power was 300 W. 

 
Modeling approaches. (1) Configuration 

description. As shown in Figure 2a, the total height 
of the reactor was 160 mm. Figure 2b displays the 
interior of the reactor. The MW EUV disinfection 
reactor was cylindrical in shape with a diameter of 
140 mm. It had three layers of folded plates with the 
same size and interval. The pores in every folded 

plate were of the same size with a radius of 12.5 mm. 
The UV lamp holder passed through the pores. The 
distance between the folded plate opening and the 
inside wall of the reactor was 22 mm. The water was 
pumped into the reactor from below by a peristaltic 
pump. It flowed upward through the EUV lamps. 
The main flow was plug flow along the z-axis. 
Eventually, the water flowed out from the top. 

Generation and partitioning of computational 
grids employed the mixed mesh generation method. 
The meshes mainly comprised tetrahedral cells, also 
including some properly positioned hexahedron-, 
wedge-, and cone-shaped cells. A grid system of 
487,976 cells was generated after successive 

 The boundary 
conditions of the MW EUV disinfection reactor 
were defined according to the mesh. 

 
(2) Flow modeling. The calculation model 

needed to be confirmed before CFD software 
calculation. The water was defaulted to a single-
phase flow in the FLUENT software, and the fluid 
was incompressible viscous fluid. The water had 

-
were used for calculation [23,24]. The governing 
equations were equation 1 to equation 8: 

 
 
The continuity equation (mass conservation equation): 

                        (1) 

 
The momentum conservation equations: 

       (2) 

(a) (b) (c) 
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      (3) 

         (4) 

 
-  

                                    (5) 

         (6) 

(7) 

                         (8) 

 
The empirical constants used in this model 

were as follows: 
C  = 0.09; k = 1.3; C  = 1.44; C  = 

1.92. 
 
(3) Boundary conditions. The boundary 

conditions at the entrance were as follows: velocity 
inlet was adopted for the water flow inlet, supposing 
that the water velocity was uniformly distributed at 
the entrance and perpendicular to the inlet section. 
The velocity was 0.39 m·s 1. The water flow at the 
exit was free outflow. The boundary condition on the 
wall was static with no slip. The inner area was 
defaulted to the inner area of the MW EUV 
disinfection reactor. The cross-section needed in the 
simulation result analysis was y = 0 section. 

 
(4) Numerical details. CFD simulations were 

performed using commercial GAMBIT 2.2.30 for 
pretreatment and FLUENT 6.2.16 for post-treatment. 
The SIMPLE algorithm was applied to address the 
pressure velocity coupling. The first-order upwind 
scheme was employed to discretize convection terms of 
the transport equations. The convergence of the 
numerical solution to the exact solution was achieved 
when the normalized residuals for the continuity, 
momentum, and turbulence equations were less than 
10 4. 

RESULTS AND DISCUSSION 

 
Flow field result of the original reactor. The 

flow field inside the disinfection reactor was 
reflected by the velocity vector profiles, which 
showed the magnitude and direction of velocity, 
short streams, vortex, and back-mixing phenomena. 
Figure 3 shows the velocity vector chart at y = 0 
section simulated by the FLUENT software. The 
areas marked with circles are existing vortex areas. 
As shown in Figure 3a, the water flowed into the 
reactor from the entrance and moved upward across 
the folded plates after bypassing the lamps. The 
velocity in the z-axis was around 0.02 m·s 1, while 
the one in the x-axis was about 2 × 10-6 m·s 1. 
Obviously, the velocity in the z-axis was larger than 
the velocity in the x-axis, so the flow was plug flow 
in the main orientation (z-axis). However, if the P 
point marked in Figure 3a is magnified, an evident 
vortex could be seen (Fig.3b). There were two to 
three vortexes around every layer of the folded plate. 
The vortexes caused the back-mixing of the fluid in 
the z-axis. The HRT was different at different places 
[19], so the UV dose the bacteria received was 
different, which might have a negative impact on the 
disinfection effect. 

The ideal disinfection reactor needs to ensure 
that the UV dose the bacteria receive is the same. The  
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FIGURE 3 
The velocity vector profiles of the original reactor: (a) cross-section y = 0 and (b) partial enlarged detail. 

 
flow inside the disinfection reactor should meet the 
hydrotechnics conditions as follows [25]: (1) the 
flow is plug flow in the main orientation without 
short flow and vortex; and (2) the flow is totally 
mixed in the direction perpendicular to the main 
orientation. The first condition makes sure that the 
HRT of the bacteria inside the disinfection reactor 
remains the same, while the second condition 
ensures that the UV dose the water receives in the 
same cross-section is unchanged. The bacteria can 
receive the same UV dose by simultaneously 
meeting the two conditions. Aiming at the first 
condition, this study optimized the disinfection 
reactor by changing the conditions of the folded 
plates to achieve the ideal flow regime [20]. 

 
Optimization of the disinfection reactor. (1) 

Optimization of the folded plates layout in the 
disinfection reactor. According to the simulating 
results of the flow field inside the original 
disinfection reactor, the layout of the folded plates 
was varied to change the flow regime. The 
disinfection reactor with the variations was drawn 
into a three-dimensional geometry by the GAMBIT 
pretreatment software. Figure 4a is the geometry of 
the original reactor. Based on Figure 4a, the baffles 
in the z-axis were added in the middle of every layer 
of the folded plates. Two same 140-mm-long and 10-

mm-high baffles were put between the two 
continuous folded plates. The distance of the baffle 
opening was 20 mm, while the position and size of 
the entrance and exit remained unchanged (Fig.4b). 
Also based on Figure 4a, the angle of the folded 
plates was varied from 180o to 120o (Fig.4c). 

Figure 4d and e exhibits the velocity vector 
chart at y = 0 section after changing the layout of the 
folded plates. Figure 4d shows that the lengthwise 
baffles were set in the middle, and the vortexes 
existed around every layer of the baffles. The 
formation of vortexes made the HRT in the z-axis 
different, which might have a negative impact on the 
disinfection effect. The addition of the folded plates 
increased the head loss and created a dead zone 
region, resulting in worse hydraulic conditions. 
Figure 4e shows that the angle was varied to 120o. 
The fluid flow inside the reactor was a flow-around. 
type, which was a good hydraulic movement form. 
Nevertheless, this form was more suitable for a 
higher reactor. However, the number of vortexes was 
the same as the original one, showing no 
improvement. The layout of the original reactor with 
subtended-opening folded plates and no baffles in 
the z-axis was more advantageous for optimizing the 
flow regime 

 

(a) 

P 

(b) 
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FIGURE 4 

Simulation diagram of the disinfection reactors. Three-dimensional geometric model of the disinfection 
reactors: (a) original, (b) adding lengthwise baffles and (c) changing the angle between the folded plates to 

120o. The velocity vector profiles of two reactors: (d) adding lengthways baffles and (e) changing angle 
between the folded plates to 120o. 

 
(2) Optimization of the number and the 

length of the folded plates in the disinfection 
reactor. The number of folded plates was changed 
from three layers to four, five, and six layers. Figure 
5a exhibits the velocity vector chart at y = 0 section 
for four layers of the folded plates. The distance 
between the plates was 32 mm. Compared with the 
original reactor (Fig.3a), the vortexes decreased 
obviously in the new reactor. Also, the flow regime 
became better. For five and six layers of the folded 
plates, the distances between the plates were 26 mm 
and 22 mm, respectively (Fig.5b and c). Compared 
with the original reactor, the vortexes in these two 
reactors decreased, but still were more than the 
vortexes in the reactor with four layers of the folded 
plates. The proper area of longitudinal cross-section 
and the flowing length of the stream could improve 

the flow regime inside the reactor. Adding folded 
plates to some extent could unify the flow regime, 
while excessive folded plates would increase the 
head loss, which was disadvantageous to the 
optimization of the flow regime. After simulation, 
the optimal proportion of flowing length and 
longitudinal cross-section height was 4.375 in this 
reactor, meaning that the proportion of reactor 
diameter and distance between the two plates was 
4.375. In other words, the optimal number of the 
folded plates was four layers. 

The length of the folded plates also affected the 
flow regime. In this disinfection reactor, changing 
the length of the folded plates was equivalent to 
changing the cross-sectional area which the stream 
passed through the opening of the folded plates. The 

 

(a) (b) (c) 

(e) (d) 
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FIGURE 5 

Optimization of the disinfection reactor. The velocity vector profiles of the simulated reactors: (a) four 
layers of the folded plates, (b) five layers of the folded plates, (c) six layers of the folded plates, (d) folded 

plates with the length 115 mm, (e) Folded plates with the length 122 mm and (f) folded plates with the 
length 127 mm. The optimal reactor: (g) the reactor configuration and (h) the velocity vector profiles at z 

= 0.2 section. 
 

function of the guiding fluid could not be 
fulfilled if the folded plates were too short, while 
overlong folded plates would decrease the cross-
sectional area and increase the local resistance, 
which was bad for the flow regime. In the previous 
simulated reactor with four layers of the folded 
plates, the length was 118 mm and the distance 
between the folded plate opening and the inside wall 
of the reactor was 22 mm. The length of the folded 
plates was set as 115, 122, and 127 mm in this study, 
and the flow field inside the reactors was simulated. 

Figure 5d shows that fewer zones having vortexes 
inside the reactor with 115-mm-long folded plates, 
indicating good flow regime. The reactors with 122- 
and 127-mm-long plates had more zones having 
vortexes, showing worse flow regime (Fig.5e and f). 
As a result, the length of the folded plates was 
suggested to be 115 118 mm, meaning that the 
distance between the plate opening and the inside 
wall of the reactor was 22 25 mm. The flow regime 
was better and beneficial to improve the disinfection 
effect. 

(a) (b) (c) 

(d) (e) (f) 

(g) (h) 
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FIGURE 6 
Experimental verification of the original and optimized reactors:  

(a) disinfection effect of different microbial concentrations and (b) disinfection effect of different 
HRTs. 

 
 
Based on the whole flow field predicted results, 

the four layers of subtended-opening folded plates 
were laid inside the optimal reactor. The length of 
the plates was 118 mm with 32 mm distance between 
the two plates, as shown in Figure 5g. Figure 5h 
shows the velocity vector chart at the z = 0.02 section 
(XY section) in the optimized reactor. Owing to the 
hindrance of the EUV lamps, the vortexes were 
generated around the lamps in the XY section, which 
well mixed the water flow. It is beneficial for the 
bacteria to receive the same UV irradiation dose. 
This phenomenon could meet the second 
hydrotechnics condition for the ideal reactor: the 
flow regime is totally mixed in the direction 
perpendicular to the main orientation. 

 
Disinfection results of the reactor after 

optimization. To validate the simulation results, the 
inactivation effects of the disinfection reactors 
before and after optimization were explored (Fig.6). 
The microwave power was 300 W and the inlet 
velocity was 0.39 m·s 1 (HRT = 3 min). The 
disinfection effect was studied with different 
microbial concentrations (Fig.6a). After disinfection, 
less viable bacteria were present in the optimized 
reactor than in the original one. With different 
microbial concentrations, the viable bacterial counts 
in the optimized reactor were all less than 100 
CFU·mL 1. When the microbial concentration 
remained 6.3 × 103 CFU·mL 1, the disinfection 
effects of the original and optimized reactors were 
compared (Fig.6b) with the variation of HRT. Less 
viable bacteria were present in the optimized reactor 
than in the original one. The experimental results 

indicated that the optimized reactor could treat a 
greater volume of artificially contaminated water 
samples in a shorter HRT. The two sets of 
experiments indicated that the optimized MW EUV 
disinfection reactor had a better inactivation effect 
than the original one, and the experimental results 
could highly testify the simulating results. 
 
 
CONCLUSION 

 
The CFD method was used to optimize MW

EUV disinfection reactor in this study. The flow 
field in the original reactor was predicted, and some 
vortexes were found in the main flowing direction 
(z-axis), which was disadvantageous to the 
disinfection. The flow regime was improved by the 
variation of layout, number, and length of the folded 
plates, so that the flow could achieve the hydraulic 
conditions of the ideal disinfection reactor. The 
optimal cylindrical reactor was 160 mm high and 
140 mm in diameter. It had four layers of subtended-
opening folded plates, which were 118 mm long and 
32 mm distance between the two plates. The 
experimental results indicated that the optimized 
disinfection reactor could treat a greater volume of 
the water in a shorter HRT. It was confirmed that the 
bacteria distributed more uniformly in the optimized 
reactor and received a higher UV dose, therefore the 
disinfection effect was enhanced. The experimental 
results highly testified the simulating results, and the 
optimization of the reactor was realized. 
 
 
 

(a) 
(b) 
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ABSTRACT 

We first analyze the mechanism of the 
influence of environmental regulation on firm size 
distribution based on literature review. We propose 
that environmental regulation is an important means 
of resolving resources and environmental problems. 
Three pathways of influence of environmental 
regulation are identified, namely, cost effect, 
innovative compensation effect and learning effect, 
and competition effect. Next, an empirical analysis 
is carried out on 9 major industries in Guangdong 
Province. It is found that the Pareto index of firm size 
distribution in Guangdong Province is far below 1. 
Therefore, the firm size distribution does not 
conform to Zipf distribution and the balance degree 
of firm size distribution varies greatly from one 
industry to another. But as the level of environmental 
regulation increases, the Pareto index increases as 
well. This means the environmental regulation has a 
significant promoting effect on firm size distribution 
and on the uniformity of firm size distribution.  

 
 

KEYWORDS: 
environmental regulation; firm size distribution; Zipf 
distribution  

 
 

INTRODUCTION 

As the crisis of resources depletion and 
environmental pollution has been aggravating in 
recent years, the level of environmental regulation 
imposed on the firms has also increased [1]. 
Environmental regulation brings about new 
constraints on firms  production and policy-making 
process and compels the firms to adjust their 
behaviors. But, since the large-sized firms and the 
mid and small-sized firms are equipped with 
different capacity to cope with environmental 
regulation, the same level of environmental 
regulation may have asymmetrical influence on 
firms of different sizes. This further affects the firm 
size distribution. So the question is how 
environmental regulation affects firm size 

distribution and what makes firm size distribution 
uniform or non-uniform as a result of environmental 
regulation.  

Foreign studies are more concerned about 
whether firm size distribution conforms to Zipf 
distribution or not [1-8]. Most studies are confined to 
the situations in western countries and few address 
the problems in developing countries. Among 
Chinese studies, the influence of environmental 
regulation on firm size distribution within a single 
industry is investigated, but not across different 
industries. For example, Sun and Wang only 
discussed the influence of environmental regulation 
on firm size distribution in the manufacturing 
industry [1]. Therefore, more empirical analyzes are 
needed to elucidate the influence of environmental 
regulation in other industries. This paper focuses on 
9 major industries in Guangdong Province, after a 
theoretical analysis of the influence of environmental 
regulation on firm size distribution, we make an 
assumption and then proceed to test the assumption 
based on the facts and features of firm size 
distribution in Guangdong Province. The highlights 
of the present study are as follows: first, we 
investigate the influence of environmental regulation 
on firm size distribution along with the influence 
mechanism; second, the influence of environmental 
regulation on firm size distribution is discussed 
across the industries and therefore the conclusions 
are more comprehensive; third, the empirical 
analysis that takes Guangdong Province as an 
example provides solid references for the making 
and implementation of environmental policies.  

 
 

LITERATURE REVIEW 

The existing literature reports in relation to the 
influence of environmental regulation on firms fall 
into two categories. The first category is concerned 
with the influence of environmental regulation on 
firm productivity, and the second category is related 
to the influence of environmental regulation on firm 
export. Both two categories are concerned with the 
influence of environmental regulation on firm 
competitiveness. As firm competitiveness changes, 
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the economic environment will change as well and 
firm size distribution is an important part of this 
change. However, the changes of firm size 
distribution in response to environmental regulation 
are rarely discussed [9].  

Generally Pareto index is used to estimate firm 
size distribution, whereas the influence of 
environmental regulation on firm size distribution is 
much less analyzed. Zipf found that among 
American firms, the Pareto index of firm size 
distribution approached 1 and this is known as the 
Zipf s law [10]. Axtel confirmed that the Zipf s law 
applied to size distribution of American firms by 
using large sample size data of American tax-paying 
firms [2]. Gaffeo et al., Fujiwara et al., Cirillo, 
Giovanni et al., Garicano et al. and Adamopoulos 
tested whether the Zipf s law applied to firms in G7 
countries and other European countries [3-8]. Delli 
et al., Luttmer, Cirillo and Hüsler, and Giovanni et 
al. were more concerned with the dynamic trend of 
firm size and the influence on firm development, but 
they did not test for the Zipf s law [11-14].  

Chinese scholars are not devoted to the issue of 
firm size distribution until recently. Fang and Nie 
were the first to conduct an empirical test on the 
overall size distribution of Chinese firms by using 
the data of nationwide state-owned industrial 
enterprises in 1999-2005. They found that the 
deviations from the Zipf s law were serious in 
Chinese context [15]. Yang et al. estimated Pareto 
index of size distribution of Chinese industrial firms 
and found that the Zipf s law was severely 
disobeyed. Large-sized firms enjoyed advantageous 
position in all provinces, while the mid and small-
sized firms were disadvantaged [16]. Li et al. found 
that Chinese listed enterprises in the manufacturing 
industry showed age and size dependent effect. The 
funding constraint has impeded the firm growth and 
hence the firm size distribution [17]. Sun and Wang 
took Chinese manufacturing enterprises as samples 
and found that the Pareto index was less than 1. This 
means firm size distribution in China disobeys the 
Zipf s law [1]. 

We are curious about what influence 
environmental regulation has generated on firm size 
distribution in Chinese context. Generally speaking, 
the firm s control on resources and production 
elements is decisive to firm size. That is, the larger 
the size, the stronger the control on resources and 
production elements. Large-sized firms enjoy more 
abundant capital and therefore richer resources. In 
contrast, the mid and small-sized firms may be 
handicapped by the scarcity of capital and resources. 
As a result, the mid and small-sized firms are less to 
expand in scale. Large-sized firms are usually the 
pillar enterprises and have more access to capital 
support and favorable tax policies granted by the 
local government, which may be otherwise denied to 
mid and small-sized firms. Consequently, large-
sized firms are much easier to flourish, while the mid 

and small-sized firms may have difficulty surviving. 
This is an important reason behind the unbalanced 
size distribution of Chinese firms. Environmental 
regulation is an important means for solving 
resources and environmental crisis. The influence on 
firm size distribution is manifested through cost 
effect, innovative compensation effect, learning 
effect and competition effect [1].  

(1) Cost effect. Government imposes strict 
environmental regulation and limits on the emissions 
of waste gas and wastewater. The enterprises are 
forced to cut down pollutant emissions either by 
conforming to the emission standards or by 
improving the pollution control technology. This 
will inevitably increase the cost of pollution 
management [18]. If the enterprises refuse to do this, 
they will be penalized by administrative measures 
and fined a large sum. For example, Chapple et al. 
carried out a comparative study on the market value 
of 58 Canadian sample enterprises belonging to 
carbon-intensive industry and low-carbon industry. 
They showed that the carbon-intensive enterprises 
used 6.57% of their total market value to pay for 
environmental fines [19]. Large sum of 
environmental fines will not only increase the cost of 
enterprises, but also consume the working capital. In 
some serious cases, the operation of the enterprises 
may be affected by the lack of capital and the 
enterprises finally quit the market. Therefore, those 
who conform to the environmental regulation will 
enjoy the opportunity to flourish and expand. But the 
enterprises that are able to bear the environmental 
cost are usually those with a large size. They 
proactively adjust the development strategy 
according to environmental regulation and to keep 
on expanding and to acquire as much resources as 
possible. In contrast, the mid and small-sized 
enterprises may be unable to undertake the 
environmental cost. Some will seize the chances of 
technological innovation and process optimization to 
grow while adapting to environmental regulation. 
Others may be forced to quit the market due to the 
burden of environmental cost. Therefore, 
environmental regulation may fuel the development 
of large-sized enterprises that can undertake the 
environmental cost through the cost effect. For mid 
and small-sized enterprises, those that can achieve 
technological innovation and process optimize will 
finally expand and flourish, but those that cannot will 
quit the market. Consequently, the firm size 
distribution will become more uniform.  

(2) Innovative compensation effect and 
learning effect. Although environmental regulation 
will add to the pollutant management cost of the 
enterprises, to seek the maximum profits, the 
enterprise will find ways to compensate for the 
environmental cost paid for emission control. One 
way of compensation is to optimize the production 
process and to increase the enterprise productivity. 
By technological innovation and process 
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optimization, the enterprises can improve on the 
pollution control capacity and finally counteract the 
increment of cost induced by environmental 
regulation. This is called the innovative 
compensation effect [18]. According to the Porter 
hypothesis, innovative compensation effect can 
promote enterprises  acquisition of advanced process 
and management and further enhance environmental 
quality and output. Such output increase brought 
about by technological advances and higher 
proficiency is the productivity increase. But how 
innovative compensation effect affects the firm size? 
To achieve technological innovation, the enterprises 
have to invest heavily. Given the total sum of capital, 
the capital left for production and research and 
development will be reduced. Enterprises in 
possession of advanced technology and autonomous 
innovative capacity usually have a large size and 
abundant capacity. They also enjoy the policy and 
innovative capital support from the government. 
Therefore, they can cope with the temporary lack of 
innovative capital, develop new products that 
conform to the environmental regulation, and keep 
growing [18]. But most mid and small-sized 
enterprises are faced with the problems of lack of 
innovative capital and capacity. As the intensity of 
environmental regulation increases, some enterprises 
cannot afford to improve the current process and 
equipments and are forced to shut down. A few mid 
and small-sized enterprises will learn the new 
technologies from large-sized enterprises or 
cooperate with large-sized enterprises to improve the 
technological level. As a result, they will narrow the 
gap with the large-sized enterprises, making the firm 
size distribution more conform to Zipf distribution.  

(3) Competition effect. Environmental 
regulation is the activity that the government 
formulates policy and measures to standardize the 
economic behaviors of the enterprises for the 
purpose of environmental protection and coordinated 
economic development. As stricter environmental 
protection standards are formulated, the enterprises 
have to optimize the production process or pollution 
control. With the introduction of new environmental 
standards, the enterprises will compete for market 
opportunities and gain advantages. Therefore, the 
stimulus-response pattern will be converted into the 
virtuous cycle of acquiring green demand 
information, seeking green business opportunities, 
innovating products and process, innovating the 
operation mode and win-win situation of the 
enterprises and the environment [1]. Amid the fierce 
competition, large-sized enterprises are more aware 
of its own reputation and social image and will take 
efforts to maintain the enterprise image and to seize 
market opportunities. For mid and small-sized 
enterprises, some favorable policies such as tax 
exemption for greenness and green subsidies are 
implemented, thus providing impetus for 
environmental protection for these enterprises. 

Moreover, Chinese government has launched the 
campaign focusing on the products and the enterprise 
image for mid and small-sized enterprises with good 
social reputation. Building a social image as 
greenness and environmentally friendly will also 
bring more funding from various sources. Motivated 
by these favorable policies, the mid and small-sized 
enterprises will choose to take actions of 
environmental protection. This will not only bring in 
more social capital investment, but also boost 
enterprise development and scale.  

As analyzed above, through cost effect, 
environmental regulation is not only conducive to 
the enterprise  pollution control behaviors, but also 
coerces the enterprises to adopt innovative 
technologies to optimize process and to increase 
output and productivity. Through innovative 
compensation effect and learning effect, the 
enterprises will seek to compensate for the 
environmental cost while enhancing enterprise 
competitiveness. Competition effect urges the 
enterprises to adopt green behaviors while satisfying 
the minimal environmental standards. By doing this, 
the enterprises will gradually flourish. On the whole, 
in the face of new and stricter environmental 
regulation, large-sized enterprises enjoy more 
advantages, stronger adaptability and higher 
development potentials. Some mid and small-sized 
enterprises will be eliminated due to lack of capital 
and necessary technologies. A few mid and small-
sized enterprises survive and expand by timely 
achieving technological innovation and process 
optimization. In a word, environmental regulation 
makes large-sized enterprises even larger and some 
high-potential mid and small-sized enterprises to 
expand. There are inevitably some enterprises that 
quit the market because of failure to adapt to 
environmental regulation. As a result of this, the 
overall size distribution of the enterprises becomes 
more uniform. Here we hypothesize that 
environmental regulation increases Pareto index of 
firm size distribution, making firm size distribution 
more balanced.  

 
 

EMPIRICAL ANALYSIS 

Features and Facts of Firm Size Distribution 
in China. Zipf s law originates from Pareto s 
studying distributions in income. Pareto found that 
the probability of individual income Y not below a 
critical value y is inversely proportional to the power 
of y. This is known as Pareto s law [15]. Zipf 
distribution reflects optimal allocation of economic 
resources between enterprises under complete 
market competition, i.e., an ideal situation of 
uniform size distribution of the firms [15]. We use 
Pareto index to depict firm size distribution and test 
whether firm size distribution in Guangdong 
province obeys Zipf distribution.  
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In terms of Pareto index, the function of firm 
size distribution is expressed as follow:  

 
AffFi )Pr(   (1) 

 
where Fi is the size of firm i (measured by the 

sales volume); Pr( > )iF f is the probability that the 

size of firm i  is above the critical value f ; A  is 

the estimate parameter;  is Pareto index. Log 
linearization of formula (1) is carried out:  

 
fAfFi lnln))ln(Pr(    (2) 

 
where the probability Pr( > )iF f  of firm i  being 

above the critical value f  is equivalent to the ratio 

of rank 
iS  to the number of firms N  in the 

descending order of firm size. Thus, the model for 
estimating the Pareto index is built as follows:  
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where ln A  is the constant term, and 

it
 

the error term. The economic meaning of estimate 
parameter  is as follows: the closer the value of  
to 1, the better the development of mid and small-
sized firms and the more uniform the firm size 
distribution is; moreover, Zipf distribution is obeyed. 
If <1, it means the large-sized firms have better 
development, whereas the mid and small-sized firms 
suffer from poor development, and the firm size 
distribution is less uniform; the smaller the , the 
greater the uniformity is and the more severe the 
deviations from Zipf distribution.  

 
Establishment of the Empirical Model. To 

estimate the influence of environmental regulation 
on firm size distribution, the measurement model is 
built as follows:  

jtjtControlsjtERIjtDistr 10      

(4) 
The set of control variables Control is: 

tgovernturbantpergdpjtherfindhlC 4321ontrols        

(5) 
where the subscript j and t indicate industry and 

year, respectively; Distr is the status of firm size 
distribution, as measured by Pareto index calculated 
by formula (3). For each industry the Pareto index is 
calculated separately. Distr is the variable related to 
the industry; ERI is environmental regulation; Vt and 
Vj indicate the effect of year and industry, 
respectively;  is random disturbance term.  

The following control variables are introduced: 
 Market concentration (herfindhl ), measured by 

Herfindahl-Hirschman Index: 
 

  

where sale it is the sales volume of firm i in year 
t, and sale it is the total sales volume of industry j in 
year t. The larger the herfindhl, the higher the market 
concentration is for the industry concerned. By 
introducing the variable of market concentration, the 
influence of market competition on firm size 
distribution is considered;  Local economic 
development level (pergdp), measured by per capita 
GDP. Local market scale is largely influenced by 
local economic development level. The bigger the 
local market scale, the more favorable it is to the 
growth of firms, though the opportunities available 
for firms of different sizes may vary;  Urbanization 
level (urban), measured by the percentage of non-
agricultural population to total population. As the 
urbanization level increases, the local market 
structure changes as well. That is why the variable of 
urbanization level should be taken into account when 
estimating the firm size distribution;  Intensity of 
local government intervention (govern), measured 

expenditure to local GDP. Local government 
policies can affect firm growth greatly and hence the 
firm size distribution.  

 
Measures of Indicators. (1) Measures of 

environmental regulation. Comprehensive index 
method is used to build the comprehensive 
measurement system of environmental regulation for 
each industry in Guangdong Province. For indicators 
are chosen, namely, waste water emission (hundred 
million ton), sulfur dioxide emission (ten thousand 
ton), dust and soot emission (ten thousand ton) and 
solid waste emission (ten thousand ton).   

First, each indicator is normalized to eliminate 
incommensurability:  
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where 

jgUE  is the original value of emission 

of pollutant g in industry j; max( )gUE  and 

min( )gUE  are the maximum and minimum 

emissions of pollutant g in all industries, 
respectively; s

jgUE  is the normalized value of 

emission of pollutant g in industry j.  
The adjustment coefficient 

gW  of each 

indicator is calculated, and different weights are 
assigned to different indicators in the industry.  
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where 

jgE  is the emission of pollutant g in 

industry j; 
jgE  is the total emission of pollutant 

g in all industries; 
jQ  is gross industrial output in 

industry j; 
jQ  is gross industrial output in all 

industries.  
According to the normalized values and 

weights of each indicator, the comprehensive 
intensity of environmental regulation in each 
industry is calculated:  

 
s
jg

g
gj UEWS

1

    (8) 

Through the summation of intensity of 
environmental regulation for each pollutant in each 
industry, the average intensity of environmental 
regulation is obtained.  

(2) Data explanations. The data of Pareto index 
of firm size distribution and the data of control 
variables related to the industry come from CSMAR 
Database in 2001-2014. Addressing the problems of 
missing and abnormal data of indicators, the sample 
data are processed as follows:  The observed values 
with the missing of gross industrial output of the 
firms and the missing of average annual net balance 
of firm fixed assets are deleted;  The samples not 
conforming to the accounting principles are deleted, 
that is, the observed values with the total firm assets 
being smaller than the current assets, the total firm 
assets being smaller than the average annual net 
balance of firm fixed assets, and the accumulated 
depreciation being smaller than the depreciation of 
the current period.  Samples of firms not of the 
specified scale are deleted, that is, the observed 
values of firms with staff members less than 30 and 
the revenues from main business less than 5 million 
RMB. The data on the indicators of environmental 
regulation and pollutant emission intensity come 
from Guangdong Statistical Yearbook in the 
corresponding years. Other missing data are 
complemented by mean imputation.  

 
 

RESULT OF EMPIRICAL ANALYSIS 

Estimate of Pareto Index of Firm Size 
Distribution. According to the empirical results, the 
Pareto index varies between 0.4 and 0.7 and is far 
below 1. Thus the Zipf distribution is disobeyed. 
Table 1 shows the estimates of Pareto index among 
Guangdong s industrial firms in 2000 to 2011. The 
Pareto index is calculated by WLS regression on the 

panel data. As shown in Table 1 and figure 1, the 
Pareto indices of the sample firms all pass the 1% 
level of significance test in 2000 to 2011. The 
average Pareto index is 0.5353, indicating severely 
unbalanced firm size distribution. There is a large 
development gap between large-sized firms and mid 
and small-sized firms. This means the mid and small-
sized firms are not fully developed. In contrast, 
Gaffeo et al. showed that economic growth will 
promote the balanced size distribution of the firms 
[3]. But our results accord with the findings by Sun 
and Wang on size distribution of Chinese firms [1]. 
Specifically, Pareto index is 0.5184 in 2000 and 
0.6079 in 2011. The firm size distribution becomes 
more uniform over time. The market environment is 
more favorable for the development of mid and 
small-sized firms along with economic growth.  

 
TABLE 1 

Estimates of Pareto index of firm size 
distribution. 

 

Year  
Constan
t term 

Pareto 
index (
)  

Observed 
value 

2000 6.3146 0.5184*** 531 
2001 6.3146 0.5184*** 527 
2002 6.1253 0.5020*** 531 
2003 5.4926 0.4444*** 522 
2004 6.1005 0.4845*** 545 
2005 6.6539 0.5129*** 553 
2006 5.9392 0.5547*** 540 
2007 6.0602 0.5623*** 571 
2008 6.0686 0.5576*** 567 
2009 6.2249 0.5660*** 570 
2010 6.5967 0.5826*** 555 
2011 6.4012 0.6079*** 565 

   Note: *, ** and *** indicate 10%, 5% and  
1% significance level, respectively. 

 
 

 
FIGURE 1 

 Dynamic changes of Pareto index of firm size 
distribution 

 
 



© by PSP  Volume 25  No. 12/2016, pages 5483-5491  Fresenius Environmental Bulletin  

5488 

 

 

 
TABLE 2 

Estimates of Pareto index of firm size distribution across the industries. 
 

Year 1 2 3 4 5 6 7 8 9 

2000 0.6400 0.5110 0.5700 0.6210 0.4160 0.4750 0.5380 0.5300 0.4990 
2001 0.6490 0.5670 0.5430 0.5500 0.4140 0.4830 0.5430 0.4800 0.4900 
2002 0.6080 0.5100 0.5150 0.5560 0.4020 0.4880 0.5440 0.4750 0.6030 
2003 0.7150 0.3430 0.5180 0.5520 0.3650 0.4630 0.4960 0.4470 0.5060 
2004 0.7780 0.3880 0.5500 0.5550 0.3820 0.4640 0.4920 0.4800 0.4980 
2005 0.8570 0.3790 0.5480 0.5090 0.3890 0.4530 0.4710 0.4580 0.4500 
2006 0.7570 0.3890 0.5860 0.5090 0.4290 0.4930 0.5200 0.5030 0.4950 
2007 0.8050 0.3360 0.4770 0.4510 0.3610 0.4610 0.4690 0.4980 0.4680 
2008 0.7050 0.3310 0.5070 0.4470 0.3690 0.5150 0.4880 0.5060 0.4910 
2009 0.7600 0.3320 0.4920 0.4440 0.3980 0.4670 0.4620 0.5400 0.5000 
2010 0.7150 0.3630 0.5540 0.4970 0.4060 0.5150 0.5610 0.5600 0.4790 
2011 0.7430 0.3210 0.5690 0.4860 0.3790 0.4630 0.5340 0.5350 0.4770 

  Note: Pareto index of 9 industries passes 1% level of significance test. Industry 1 represents electronics and 
   Information manufacturing industry, industry 2 represents electrical machinery and special equipment        

manufacturing industry, industry 3 represents petrochemical manufacturing industry, industry 4  
   represents textiles and apparel industry, industry 5 represents food manufacturing industry, industry 6 

represents building materials industry, industry 7 represents papermaking industry, industry 8 represents 
pharmaceutical manufacturing industry, industry 9 represents automobile industry. 

 
 
Large differences exist in firm size distribution 

across the industries. In other words, industry 
category has a significant impact on firm size 
distribution. By reference to Guangdong Statistical 
Yearbook, 9 major industries are included, namely, 
electronics and information manufacturing industry, 
electrical machinery and special equipment 
manufacturing industry, petrochemical 
manufacturing industry, textiles and apparel 
industry, food manufacturing industry, building 
materials industry, papermaking industry, 
pharmaceutical manufacturing industry and 
automobile industry. As seen from Table 2, firm size 
distribution varies greatly from one industry to 
another. Two industries with smallest average Pareto 
index are food manufacturing industry and electrical 
machinery and special equipment manufacturing 
industry, the values being 0.3925 and 0.3975, 
respectively. This indicates highly unbalanced size 
distribution of the firms in the two industries and the 
phenomenon of monopoly. Electronics and 
information manufacturing industry has the highest 
average Pareto index, which is 0.7277. This indicates 
more balanced size distribution of the firms within 
the industry and the firms of different sizes all enjoy 
the chances of development.  

Pareto index shows varying trend of changes 
across the industries. From 2000 to 2011, the 
electronics and information manufacturing industry, 
petrochemical manufacturing industry and 
pharmaceutical manufacturing industry show an 
increase of Pareto index. In contrast, electrical 
machinery and special equipment manufacturing 

industry, textiles and apparel industry and 
automobile industry show a decrease of Pareto index. 
Food manufacturing industry, building materials 
industry and papermaking industry show a 
fluctuation of Pareto index.  

 
TABLE 3 

Variable estimate 
 

Variable OLS TSLS 

ERI 
0.5712*** 
(4.2935) 

0.8125*** 
(5.0408) 

HERFINDHL 
1.8149*** 
(4.8933) 

2.3546*** 
(5.5413) 

URBAN 
-0.0044** 
(-1.7670) 

-0.0040** 
(-2.1777) 

LNGDP 
0.0424* 
(1.7670) 

0.0207 
(0.8082) 

GOVERN 
-0.0288* 
(-1.7375) 

-0.0296* 
(-1.7565) 

C 
0.1926 
(1.3753) 

0.1546 
(1.1553) 

Year effect Control Control 
Industry effect Control Control 
R2 0.3790 0.3100 
Observed value 108 108 

  Note: The value in the parentheses is t-statistics;  
  *,  ** and *** indicate 10%, 5% and 1%   

significance level, respectively. 
 
Influence of Environmental Regulation on 

Firm Size Distribution. OLS regression is 
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performed on firm size distribution and the estimate 
result is shown in Table 3. The coefficient of 
determination of environmental regulation is 
positive and passes the 1% level of significance test, 
indicating positive impact of environmental 
regulation on firm size distribution. That is, the 
stricter the environmental regulation, the more 
favorable it is to the development of mid and small-
sized firms and the more uniform the firm size 
distribution will be. This confirms the hypothesis 
proposed above. Environmental regulation has 
varying impact on large-sized firms and mid and 
small-sized firms. The mid and small-sized firms 
gain more benefits from environmental regulation 
and the firm size distribution is closer to Zipf 
distribution.  

Among other control variables, market 
concentration is positively correlated with Pareto 
index at 1% significance level. That is, the higher the 
market concentration, the more favorable it is to the 
development of mid and small-sized firms and the 
more uniform the firm size distribution will be. 
Urbanization level is negatively significantly 
correlated with Pareto index. The higher the 
urbanization level, the more severe the deviations 
from Zipf distribution are. The mid and small-sized 
firms do not reap due benefits from urbanization. 
The local economic development level is positively 
correlated with Pareto index at 10% significance 
level. As local economic development level 
increases, both large-sized and mid and small-sized 

firms are benefited. The coefficient of determination 
of local government intervention is negative and 
shows positive correlation with Pareto index at 10% 
significance level. That means the favorable tax 
policies are more targeted at large-sized firms, and 
the mid and small-sized firms are less supported by 
the local government.  

Endogeneity problem in time series may lead to 
bias and inconsistency of OLS regression. Therefore, 
regression is performed again using two-stage least 
squares method on instrumental variables. The 
selection of instrumental variables of environmental 
regulation is based on the method by Fu and Li [20]. 
The standard coal consumption of each industry in 
Guangdong Province in 2000-2011 is taken as 
instrumental variable. Standard coal consumption 
within an industry is closely associated with 
environmental regulation. The higher the standard 
coal consumption, the greater the emissions of 
pollutants and consequently stricter environmental 
regulation will be imposed. The results of regression 
using the instrumental variables are shown in Table 
3. Except the local economic development level, all 
other variables show consistent correlations with 
Pareto index as by OLS regression. The coefficient 
of determination of environmental regulation is 
positive and passes 1% level of significance test. 
Thus environmental regulation has a positive impact 
on firm size distribution and the hypothesis is 
confirmed. 

 
TABLE 4 

Robustness test 
Variable test1 test 2 test 3 test 4 

IWW 
0.0111* 
(1.7515) 

   

IWGE  
0.0020* 
(1.7839) 

  

ISE   
0.0034* 
(1.8939) 

 

ISWD    
0.0001* 
(1.8059) 

HERFINDHL 
0.8028*** 
(2.8545) 

0.8277*** 
(2.8807) 

0.7990*** 
(2.7675) 

0.7490*** 
(2.7115) 

URBAN 
-0.0054*** 
(-2.8112) 

-0.0048*** 
(-2.4382) 

-0.0038* 
(-1.7741) 

-0.0061*** 
(-3.0607) 

LNGDP 
0.0884*** 
(3.9295) 

0.0822*** 
(3.5386) 

0.0741*** 
(2.9013) 

0.1002*** 
(4.4020) 

GOVERN 
-0.0254 
(-1.4308) 

-0.0220 
(-1.2292) 

-0.0171 
(-0.9087) 

-0.0342* 
(-1.8555) 

C 
0.1326 
(1.2733) 

0.1041 
(1.0543) 

0.0823 
(1.5678) 

0.1488 
(1.3867) 

Effect of year Control Control Control Control 
Effect of industry Control Control Control Control 
R2 0.24 0.18 0.26 0.21 
Observed value 108 108 108 108 

Note: IWW represents industrial waste water, IWGE represents industrial waste gas emission,  
ISE represents industrial soot(dust) emission, ISWD represents industrial solid wastes discharged.  
The value in the parentheses is t-statistics; *, ** and *** indicate 10%, 5% and 1% significance level, 
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respectively. 
Robustness Test. To test for robustness, the 

variables of environmental regulation are divided 
into 4 indicators, namely, wastewater emission, 
sulfur dioxide emission, dust and soot emission  and 
solid waste emission. Normalized values of the 
indicators are used as the substitution variables. The 
regression results are shown in Table 4. The four 
indicators of pollutant emission show significantly 
positive correlation with Pareto index of firm size 
distribution and pass the 10% level of significance 
test. The significance level of a single indicator 
decreases somewhat compared with that of the 
comprehensive variable of environmental regulation. 
It is indicated that a single indicator can hardly 
reflect the overall level of environmental regulation. 
Nevertheless, it is still found that environmental 
regulation has significantly positive correlation with 
Pareto index. As the intensity of environmental 
regulation increases, the firm size distribution is 
closer to Zipf distribution. 

 
 

CONCLUSIONS 

We estimate Pareto index of firm size 
distribution across 9 industries in Guangdong 
Province from 2000 to 2011. The influence of 
environmental regulation on firm size distribution is 
discussed and the following conclusions are drawn. 

Pareto index of firm size distribution in 
Guangdong Province is far less than 1, with 
deviations from Zipf distribution. But along with 
economic development, Pareto index increases every 
year. Thus, not only large-sized firms, but also mid 
and small-sized firms enjoy the chances of 
development, leading to more balanced firm size 
distribution. Moreover, there are large differences in 
firm size distribution across the industries and 
industry category has a significant impact on firm 
size distribution. Electronics and information 
manufacturing industry has the most balanced firm 
size distribution, while food manufacturing industry 
and electrical machinery and special equipment 
manufacturing industry have the most unbalanced 
firm size distribution.  

In a word, environmental regulation has a 
positive impact on firm size distribution. As the 
intensity of environmental regulation increases, the 
Pareto index of firm size distribution increases 
gradually. Compared with large-sized firms, mid and 
small-sized firms gain more benefits from 
environmental regulation, and consequently firm 
size distribution becomes more uniform. The above 
findings provide inspirations for the formulation and 
implementation of environmental policies.  

(1) The intensity of environmental regulation 
should be raised depending on the pollution status of 
a specific industry. One major reason for the 
aggravating environmental crisis in China is 

insufficiency of government s environmental 
regulation and enterprise  efforts in pollution 
control. The intensity of environmental regulation 
not only affects the motive of firms  technological 
innovation, but also determines the comprehensive 
competitiveness of the firms. To maintain good 
reputation and stable growth, large-sized firms will 
proactively adapt to the new environmental 
regulation by technological innovation and process 
optimization. However, the mid and small-sized 
firms lack the motives to adapt to low-intensity 
environmental regulation by using innovative 
technologies and optimized process. When 
environmental regulation becomes stricter, these 
firms lack the capitals to make adaptations and 
finally quit the market. There are some mid and 
small-sized firms that struggle to prosper through 
technological innovation in the face of new 
environmental regulation. This is a process of 
changing and adjustment of firm size distribution 
within the industry, which results in more balanced 
firm size distribution. Therefore, properly raising the 
intensity of environmental regulation is conducive to 
the balanced size distribution of the firms. The 
intensity of environmental regulation should vary for 
different industries considering the variable features 
of firm size distribution.  

(2) The transition from mandatory regulation to 
incentive-based regulation should be facilitated by 
using flexible tools of environmental regulation. At 
present, mandatory environmental regulation still 
dominates. For example, mandatory limits on the 
emissions of wastewater, dust and soot and waste 
solids are laid down by the governments for different 
industries. The firms must abide by these 
regulations, otherwise they will be penalized. Such 
emission control is realized by government s 
administrative power and by imposing high fines. 
The firms are compelled to make innovations to 
adapt to the regulations, and the power of the market 
is not utilized. Therefore, Chinese government 
should pay more attention to the use of market-based 
regulation tools, such as pollution charge system and 
pollution right trading system. Carbon emission 
trading market is a sustaining mechanism that 
enhances the motives of enterprises in adapting to the 
environmental regulation and reduces the 
government s cost in environmental regulation. 
Environmental information publication system 
should be popularized and the carbon dioxide 
emission reporting system be encouraged to promote 
information transparentization between the 
stakeholders and further development of carbon 
emissions trading market. Flexible environmental 
regulation tools can motivate enterprises  adoption 
of innovative technologies and optimized process. 
The enterprises can save cost through emissions 
trading, which is particularly beneficial for mid and 
small-sized firms lacking in innovation capitals. 
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Thus the mid and small-sized firms can gain more 
benefits from environmental regulation and the firm 

size distribution will be more balanced.
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ABSTRACT 

This study was carried out to examine heavy 
metals concentration in water and sediment samples 

Giresun, Turkey. 
Concentrations of Cr, Mn, Fe, Co, Ni, Cu, Cd and 
Pb were determined by using ICP-MS. The surface 
water and sediment samples were collected 
monthly, from at 5 stations between June 2013 and 
May 2014. Descriptive statistical analysis including 
One-way ANOVA, significance (0.05) was done. 
Important differences in the mean values were 
tested with  multiple range test. Moreover, 
with the purpose for determining the level of 
pollution, the methods of the factor of sediment 
enrichment factor and the index of geoaccumulation 
were applied. 

Cu, Pb, Ni and Cd concentrations in water 
samples were very higher than RSWQM standards, 
Cu, Mn, Fe and Pb concentrations were higher than 
the EPA standards and also Cu, Mn, Fe, Pb, Cu and 
Ni concentrations were higher than the WHO 
guidelines. The result of sediment enrichment factor 
and geoaccumulation index reveals that surface 

  
Consequently, it can be concluded that the 

concentrations of heavy metals in water from 
higher than the 

RSWQM, WHO and EPA standards. It can be 
concluded that the heavy metal pollution level is 
high and it will be good to 
adopt protective measures before it  too late. 

 
 

KEYWORDS:  
Heavy Metal, Water, Sediment, Geoaccumulation, 

 Stream 
 

 
INTRODUCTION  

Heavy metals are common pollutants which 
are distributed in aquatic environment. Pollution of 
this area with heavy metals has become a serious 
health concern during recent years. The most 

common heavy metal pollutants are arsenic, 
cadmium, chromium, copper, nickel, lead and 
mercury. There are different types of sources of 
pollutants: point sources (localized pollution), and 
nonpoint sources, where pollutants come from 
dispersed sources. Although some of these metals 
are essential for organisms, as micronutrients and 
their high concentration in the food chain can cause 
toxicity and environmental impacts and endanger 
aquatic ecosystems and their users [1, 2]. The 
natural water bodies and sediments may extensively 
be contaminated with various heavy metals released 
from domestic, industrial effluents, draining of 
sewage, dumping of agricultural activity, hospital 
sewage and other anthropogenic activities etc. [3-6]. 
Heavy metals in sediments occur in different 
geochemical forms, which have distinct mobility, 
biological toxicity and chemical behaviour. Heavy 
metal pollution of freshwater ecosystems has been 
shown to be extensive. High levels of heavy metals 
have been found in sediment and biota of ponds and 
lakes, rivers and wetlands. These metals are 
bioaccumulated by organisms either passively from 
water or by facilitated uptake. Also sediments play 
a major role in the determining pollution pattern of 
aquatic systems. Many studies reported that surface 
water resources of Turkey have been seriously 
polluted by heavy metals [1, 2, 7-12]. Moreover, 
some papers have been published concerning heavy 
metal levels in sediment [13], biota [14,15] and 
aquatic organisms [16-19] of the Turkey. 

stream that flows to northern Black Sea in the west 
end of the Espiye district in Giresun Province. 

a very narrow valley it flows 
 the district center 

with the same name of the stream, and therefore, it 
is exposed to domestic waste, petroleum filling 
facility's waste and agricultural runoff. It has a 
length of 70 km and originates from the Kurtbeli 
highlands. 

Pollution of the freshwater sources with heavy 
metals has become a serious health concern during 
recent years. This area is more susceptible to the 
harmful effects of pollutant because aquatic 
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organisms are in close and extended contact with 
the soluble metals. For this reason, the principal 
aim of this study, 
Stream (Turkey) was to determine some heavy 
metals (Cr, Mn, Co, Ni, Cu, Cd, Pb, Fe) in water 
and sediment. 

 
 

MATERIAL AND METHODS 

Sample location and sampling. Surface water 
and sediment samples were collected between June 
2013 and May 2014, from 5 stations (Figure 1). 
Water samples were collected in 1-liter pre cleaned 
(with 50% HNO3 and then thrice with deionized 
water) polyethylene bottles and acidified with 10 ml 
concentrated HNO3 per liter of wastewater for the 
analysis of heavy metals. The sediment samples 

were collected with an Ekman sampler at the 
selected stations. After collection the samples were 
placed in coolers with ice bags while being 
transported to the laboratory and kept at about 4°C 
until being analyzed.  

 

 
FIGURE 1 

The Study area and sampling stations 

 
 

TABLE 1 
Heavy Metal Concentrations of surface water samples (ppm) 

 

Heavy  
Metal 

Season 
n=15 

Station Average 
Value 

US EPA 
 

WHO 
1 2 3 4 5 

Cr 

Summer 1.141 1.079 1.530 1.186 0.410 1.069a 

  
Fall 3.500 3.197 3.244 3.020 2.997 3.192c 

Winter 2.392 2.485 2.178 2.074 2.323 2.149b 

Spring 2.092 1.905 2.401 1.933 1.366 2.081b 

Mn 

Summer 2.660 2.401 8.946 2.462 0.829 3.460 

0.16 0.05 
Fall 2.682 2.821 2.709 4.462 4.327 3.400 
Winter 0.395 0.214 0.255 0.231 0.429 0.305 
Spring 0.230 0.104 0.459 0.395 0.451 0.328 

Co 

Summer 0.296 0.295 0.478 0.249 0.391 0.342b 

  
Fall 0.071 0.043 0.168 0.268 0.079 0.126a 

Winter 0.122 0.126 0.137 0.091 0.113 0.118a 

Spring 0.176 0.225 0.198 0.309 0.242 0.230ab 

Ni 

Summer 6.286 6.187 7.252 6.239 5.117 6.216a 

 0.3 
Fall 19.633 20.242 20.145 19.516 19.132 19.734b 

Winter 9.182 9.435 10.909 9.296 1.789 8.122a 

Spring 5.859 5.716 6.439 6.518 8.144 6.535a 

Cu 

Summer 2.560 2.312 2.803 2.084 1.426 2.237 

 0.4 
Fall 1.837 2.191 1.981 4.192 3.941 2.828 
Winter 0.727 0.861 2.559 1.043 1.935 1.425 
Spring 38.818 5.599 2.442 3.976 1.388 10.444 

Cd 

Summer 1.120 1.120 1.376 1.111 1.107 1.167b 

0.145 0.2 
Fall 0.686 0.696 0.708 0.707 0.700 0.700a 

Winter 0.641 0.677 0.752 0.683 0.678 0.686a 

Spring 0.862 0.952 0.932 1.032 0.993 0.954ab 

Pb 

Summer 1.691 1.686 2.127 1.668 1.642 1.763 

0.004 2 
Fall 2.390 2.412 2.426 2.362 2.412 2.400 
Winter 1.346 2.242 2.702 1.787 2.135 2.042 
Spring 1.693 2.449 2.452 3.896 1.647 2.428 

Fe 

Summer 6.647 4.621 4.058 12.110 9.861 7.460ab 

3.6 3 
Fall 10.882 10.417 22.013 6.320 6.313 11.189b 

Winter 1.228 0.485 1.156 1.282 1.641 1.159a 

Spring 0.725 0.683 0.701 0.663 0.642 0.683a 

       Horizontally, letters a and b show statistically significant differences in same group of metals (p < 0.05) 
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TABLE 2 
Seasonal changes in Levels of Heavy Metals (ppm) 

 Cr Mn Co Ni Cu Cd Pb Fe 

Su
m

m
er

 

Water 
1.069±0.273 3.460±1.277 0.342±0.047 6.216±1.635 2.237±0.332 1.167±0.095 1.763±0.254 7.460±1.520 

0.128-3.600 0.014-18.719 0.028-0.600 0.045-14.734 0.316-4.156 0.944-2.224 0.743-4.041 0.026-24.182 

Sediment 
2.952±0.085 145.220±8.916 

nd 
1.888±0.046 15.836±1.978 0.135±0.014 16.726±1.239 1.329±0.677 

2.272-3.447 88.284-215.211 1.658-2.321 9.740-32.991 0.054-0.291 9.817-26.374 0.036-8.000 

F
al

l 

Water 
3.192±0.181 3.400±1.134 0.126±0.046 19.734±2.752 2.828±0.835 0.700±0.147 2.400±0.090 11.189±4.499 

2.212-4.618 0.127-12.481 0.014-0.680 4.055-27.752 0.246-10.351 0.291-1.492 2.088-2.968 0.875-62.849 

Sediment 
3.933±0.157 206.735±5.804 

nd 
2.525±0.066 31.387±4.337 0.195±0.026 18.638±1.695 1.790±0.524 

2.910-5.136 162.130-250.565 2.067-3.054 15.829-84.006 0.037-0.384 11.945-35.214 0.000-7.000 

W
in

te
r Water 

2.149±0.185 0.305±0.079 0.118±0.018 8.122±3.046 1.425±0.317 0.686±0.072 2.042±0.268 1.159±0.229 

0.530-2.972 0.050-1.038 0.020-0.219 0.139-27.034 0.127-4.891 0.302-1.077 0.061-4.918 0.033-3.166 

Sediment 
4.469±0.113 191.936±8.319 

nd 
2.840±0.088 24.168±1.856 0.162±0.019 17.185±0.771 0.103±0.012 

3.887-5.545 122.709-243.236 2.432-3.567 13.684-33.506 0.067-0.357 13.558-22.792 0.059-0.222 

Sp
ri

ng
 Water 

2.081±0.231 0.328±0.082 0.230±0.018 6.535±0.863 10.444±7.258 0.954±0.024 2.428 ±0.369 0.683±0.025 

0.842-3.898 0.031-1.072 0.140-0.421 0.292-9.543 0.728-111.461 0.794-1.095 0.434-5.481 0.512-0.817 

Sediment 
4.266±0.210 200.718±7.901 

nd 
2.948±0.176 21.212±1.859 0.130±0.033 14.365±1.266 8.159±0.838 

2.083-5.974 113.492-234.609 1.165-4.178 8.721-39.072 0.010-0.536 6.193-25.521 4.000-15.000 

 
Heavy metal analysis. The samples were 

immediately transported to the laboratory and 
filtered through acid treated Millipore HA filters 

in darkness at 4 °C up to the analytical treatment 
[20]. Sediment samples were prepared with a 
preliminary digesting process via a CEM MARS-5 
model microwave instrument. Heavy metal 
determinations of all samples were carried out with 
an ICP-MS-Bruker 820-MS [21]. The certified 
reference materials were used to check the accuracy 
and reliability of the method. Metal contents were 
expressed as ppm or . 

 
Enrichment factor and index of 

geoaccumulation. Enrichment factor (EF) and 
Geoaccumulation index (Igeo) are a useful indicator 
reflecting the status of environmental contamination 
[22-27]. In calculating the normalized enrichment 
factors (EF), the original Salomons and Förstner 
[28] equation was substituted in the present study 
by Fe because Al data was not available. In order to 
evaluate a possible anthropogenic origin of the 
metals, the enrichment factor (EF) and Igeo were 
calculated for the metal concentration obtained in 
surface sediments [29]. 

 
Statistically Analysis. Statistical analysis of 

data was carried out using SPSS statistical package 
programs. Descriptive statistical analysis, including 
One-way ANOVA, significance (0.01 and 0.05) 
was done. Important differences in the mean values 

 
 
 

 
RESULTS AND DISCUSSION 

Heavy metal analyses of water samples taken 
periodically from five stations over a period of 4 
seasons showed that the levels of Chromium, 
Manganese, Cobalt, Nickel, Copper, Cadmium, 
Lead and Iron varied between 0.128-4.618 
(2.123±0.145), 0.014-18.719 (1.873±0.464), 0.014-
0.680 (0.204±0.021), 0.045-27.752 (10.152±1.315), 
0.127-111,461 (4.234±1.844), 0.291-2.224 
(0.877±0.053), 0.061-5.481 (2.158±0.134) and 
0.026-62.849 (5.122±1.292) ppm, respectively. 
Moreover, seasonal changes of heavy metal 
concentrations in surface water are shown in Table 
1, 2.  

The order of heavy metal concentrations in 
water samples measured; 
Fe>Ni>Mn>Cu>Pb>Cd>Cr>Co in summer, 
Ni>Fe>Mn>Cr>Cu>Pb>Cd>Co in autumn, 
Ni>Cr>Pb>Cu>Fe>Cd>Mn>Co in winter and 
Cu>Ni>Pb>Cr>Cd>Fe>Mn>Co in spring.  

The sequence of the means of heavy metals in 
water samples from all seasons were Ni> 
Fe>Cu>Pb>Cr>Mn>Cd>Co. Fe and Ni were found 
in higher amounts than other trace microelements. 
All the 120 surface water and sediment samples of 

Cr, Cd, Fe, Mn and Co. The concentrations of these 
metals exceed the water quality criteria for 
protection of aquatic life [30].  

The mean concentrations of metals detected in 
the samples were Ni>Cu>Fe>Cr>Mn>Cd>Pb>Co 
at different locations in present study. 
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TABLE 3 
Comparative values (ppb) for heavy metals in water from different studies 

Metals RSWQM, 2015 [30] References 

  
I II III IV 

Kizilirmak 
Stream 

[7] 

Saricay 
Stream 

[8] 

Kelkit 
River 

[9] 

Sakarya 
River 
[10] 

Gediz 
River, ppm 

[11] 

This Study 
Mean, ppm 

(n=60) 
Cu  20-50 50-200 > 200 25-69 310-840 0-120.4 0.24-1.6 5.82-8.43 4.234 
Zn  200-500 500-2000 > 2000 32-1079 nd 0-377.9 0.19-2.9 0.36-0.72  

Mn     35-285 36-168 
 

30-170 
14.89-
34.46 

1.873 

Pb  10-20 20-50 > 50 76-119 20-320 2.28-151.3 0.59-1.5 3.94-5.84 0.204 
Ni  20-50 50-200 > 200 14-114 15.9-21.8 0.39-9 10.152 
Cd  2-5 5-7 > 7 6-14 5-8 1.38-2.85 0.877 
Fe     nd-259 1.3-687 37.6-99.16 5.122 
Co     13.6-17.6 0-1.789 0.204 
Cr     15-511 20.3-241 0.042-20.44 2.123 
Hg < 0.1 0.1-0.5 0.5-2 > 2 0.037-0.81 

 
The comparison between the present concentrations 
and those in the literature concluded that generally 

were lower than those recorded (Table 3). Pb 
concentrations had been detected about 100-200 
times lower than many studies in Turkey (Table 3). 
In addition, the concentrations of Cu are lower than 
found in earlier studies in Turkey (Table 3). 
However, Ni values were higher than in Sakarya 
River [10] and in Gediz River [11]. Ayas et al. [31] 
could not detect the Cd in Göksu Delta in Turkey. 

ranged from 0.700-to 1.167 ppm in water.  
The seasonal concentrations ( ) sequence 

of heavy metals in sediment samples were; 
Mn>Pb>Cu>Cr>Ni>Fe>Cd>Co in summer, 
Mn>Cu>Pb>Cr>Ni>Fe>Cd>Co in autumn, 
Mn>Pb>Cu>Cr>Ni>Cd>Fe>Co in winter and 
Mn>Cu>Pb> Fe>Cr>Ni> Cd>Co in spring. In 
sediment; Cr, Mn, Ni, Cu, Cd, Pb and Fe were 
present in all seasons while Mn was highest. Co 
was below detection limit in all seasons.  

The average metal concentrations (μg/g) in the 
sediment samples from 5 stations varied from 2.952 
to 4.469 for Cr, 145.220 to 206.735 for Mn, 1.888 
to 2.948 for Ni, 15.836 to 31.387 for Cu, 0.130 to 
0.195 for Cd, 14.365 to 18.638 for Pb, 0.103 to 
8.159 for Fe (Table 4). The average concentrations 
of all metals in the sediment were lower than the 
average shale values [32]. According to 

 [33], heavy metal concentration levels in the 
sediment samples Cu: 34.88-336 μg/g, Pb: 12.97-
21.12 μg/g, Zn: 55-109.50 μg/g, Ni: 71-139.90 
μg/g, Co: 14.30-19 μg/g, Mn: 492-1055 μg/g, As: 
6.10-32.10 μg/g and Fe: 2.02-3.11 % were 
determined and heavy metals were in the sequence 
as follows: Mn>Ni>Zn>Cu>Pb>As>Co>Fe. 
Mendil et al. [34] reported that heavy metal 
accumulations in sediment samples; Cd: 0.55 mg/g, 
Cu: 38.7 mg/g, Pb: 29.6 mg/g, Ni: 79.2 mg/g and 
Zn: 126.2 mg/g were determined collected from 

 (Turkey). The average 

concentrations of Cu, Pb, Ni and Co obtained in this 
study was much lower than sediments of 
Degirmendere River, Yanbolu River 
River [35] and similar to Klang River except for Co 
[36].  

The influences of anthropogenic metals 

were determined using enrichment factor (SEF-PLI) 
and geoaccumulation index (Igeo) for all metals 
(Table 5). The Igeo suggested that individual metal 
contamination in the sediments could be classified 

 The result from 
the present investigation showed that Igeo of Cu: -
1.54, Cd: -1.53, Ni: -5.32, Pb: -0.84, Fe: -1.31, Cr: -
5.11 and Mn: -2.78, respectively. Also, Enrichment 
Factor (EF) is a useful indicator reflecting the status 
of environmental contamination. The results from 
this study show that enrichment factors of all metals 
are varied from 0.04 to 0.83 (Table 5) and classified 

 In addition, metal ratios with 
respect to average shale fo
sediments and SEF values except for Pb, all the 
ratios are less than 1. Ozseker et al. [35, 37] found 
evidence of heavy metal pollution on the Trabzon 
Coast, with SEF and PLI values that were over the 
pollution limits. Naji and Ismail [36] investigated 
the accumulation of heavy metals in the surface 
sediment of the Klang River in Malaysia. Their data 
were assessed using the EF and Igeo, indicating that 
the surface sediment samples were partially 
contaminated with anthropogenic metals.  

According to statistical analysis (one-way 
ANOVA) Cr, Co, Ni, Cd and Fe in water, Cr, Mn, 
Ni, Cu, Pb and Fe in sediment concentrations were 
significantly different between the seasonal 
changes, with the p-value below 0.05. Furthermore, 
Table 6 showed the statistical analysis of metal-to-
metal correlation matrix in terms of linear 
correlation coefficient (r) values (significant at 0.05 
and 0.01) in water and sediment samples during all 
seasons, respectively.  
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TABLE 4 
Heavy Metal Concentrations of sediment samples (μg/g) 

Heavy 
Metal 

Season 
n=15 

Station Average 
Value 

Average 
Shale 1 2 3 4 5 

Cr 

Summer 2.94 2.673 3.142 2.906 3.099 2.952a 

90 
Fall 4.245 3.926 4.027 3.581 3.886 3.933b 

Winter 4.573 4.328 4.094 4.298 5.05 4.469c 

Spring 4.414 4.065 3.523 4.225 5.102 4.266bc 

Mn 

Summer 151.319 130.46 159.423 133.465 151.434 145.220a 

850 
Fall 219.756 205.973 185.928 194.810 227.207 206.735b 

Winter 213.047 171.157 203.75 164.568 207.158 191.936 b 
Spring 218.773 207.218 176.071 193.453 208.073 200.718 b 

Co 

Summer nd nd nd nd nd  

19 
Fall nd nd nd nd nd  

Winter nd nd nd nd nd  
Spring nd nd nd nd nd  

Ni 

Summer 1.891 1.806 1.801 1.958 1.983 1.888a 

68 
Fall 2.697 2.636 2.334 2.378 2.580 2.525b 

Winter 2.813 2.602 2.725 2.932 3.128 2.840c 

Spring 3.078 2.92 2.343 3.316 3.083 2.948c 

Cu 

Summer 17.408 11.45 14.091 17.916 18.315 15.836a 

45 
Fall 32.118 26.607 17.693 50.711 29.807 31.387c 

Winter 27.273 21.695 18.722 27.366 25.785 24.168bc 

Spring 19.826 18.628 15.2 20.33 32.074 21.212ab 

Cd 

Summer 0.14 0.129 0.145 0.137 0.121 0.135 

0.30 
Fall 0.232 0.210 0.116 0.193 0.225 0.195 

Winter 0.218 0.152 0.12 0.15 0.171 0.162 
Spring 0.123 0.225 0.075 0.091 0.134 0.130 

Pb 

Summer 19.183 13.529 16.553 16.953 17.41 16.73ab 

20 
Fall 18.935 15.056 14.077 24.725 20.395 18.638b 

Winter 21.495 15.564 14.752 17.052 17.062 17.185ab 

Spring 14.695 15.006 9.639 12.139 20.345 14.365a 

Fe 

Summer 0.078 0.11 2.798 2.423 1.236 1.329a 

4.7 
Fall 0.743 2.999 2.554 1.539 1.113 1.790 a 

Winter 0.084 0.133 0.092 0.08 0.124 0.103 a 
Spring 5.758 7.589 7.538 9.699 10.211 8.159 b 

Horizontally, letters a and b show statistically significant differences in same group of metals (p < 0.05) 
 

TABLE 5 
 

Metals Igeo SEF PLI 
Cu -1.54 0.85 0.50 
Cd -1.53 0.86 0.51 
Ni -5.32 0.06 0.04 
Pb -0.84 1.38 0.83 
Fe -1.31  0.25 
Cr -5.11 0.07 0.04 
Mn -2.78 0.36 0.22 

TABLE 6 
Pearson correlation coeff  

  Water 

n=60 Cr Mn Ni Cu Cd Pb Fe 

Se
di

m
en

t 

Cr 1 -0.171 0.445** -0.122 -0.279* 0.256* -0.075 
Mn 0.587** 1 -0.210 0.001 0.399** -0.020 0.431** 
Ni 0.794** 0.674** 1 -0.032 -0.675** 0.085 -0.183 
Cu 0.260* 0.366** 0.195 1 0.045 -0.018 -0.020 
Cd 0.177 0.269* 0.240 0.408** 1 0.286* 0.465** 
Pb 0.100 0.284* 0.080 0.761** 0.598** 1 0.123 
Fe 0.088 0.155 0.175 0.002 -0.238 -0.169 1 

 **p< 0.01          *p< 0.05          n= number of samples 
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CONCLUSIONS 

The results indicate that heavy metal 
contamination in the water samples 
Stream are higher than reference values. According 
to the criteria of RSWQM identified for Turkey, the 
monitoring station of the Stream has 
class IV water quality in terms of metal 
concentrations of Cu, Pb, Ni and Cd. Also Cu, Mn, 
Fe and Pb concentrations in the water samples are 
higher than the EPA and WHO standards. 
Otherwise, the metal concentration levels of surface 

than reference values. Seasonal variation of metals 
from sediment are significant statistically. 
Moreover, a positive relationship was found. The 
study revealed that based on computed indexes 
(SEF, PLI and Igeo

as unpolluted. 
Based upon result of the present study, heavy 

metal pollution level is generally high 
Stream and it will be good to adopt protective 
measures before it  too late. 
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ABSTRACT  

 
The ecological system of urban green land is a 

special ecological system which is mainly to the 
living environment. The denaturalization of urban 
environment and its environmental stress are 
becoming more and more serious. The reasons of 
urban green land producing biological risk are 
complex, which cause serious threat to the safety of 
urban landscape and living environment. At the 
same time, as the mainly collecting and distributing 
centre of people and logistics, cities are extremely 
probable to be invaded by harmful biology. This 
article analyzed the potential biological risks in 
different types of green land and put forward some 
measures about reasonable monitoring, preventive 
treatment, and scientific management to promote 
the healthy development of ecological green land 
system in China from the causes of the green land 
biological risk. 
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INTRODUCTION 
 
With the speeding of urbanization and the 

advancement of science and technology, the human 
capacities to transform the nature are improving. 
But the process of urbanization also caused a series 
of ecological environment problems, such as air and 
water pollution, solid waste, urban heat island effect, 
noise pollution and so on [1]. As the major body of 
the urban ecological system, green land bears 
ecological risk brought by the urbanization, and 
plays a significant role in improving the 
environment and reducing ecological risk [2]. 
According to the definition of green land in 

construction standards (GB50137-
land must stress the public properties of land, 
ensure good sanitary conditions, improve the 
appearance of cities, and build resting places for 
residents. The range of green land is very wide, 
including the park green space (park, visiting 

garden, street center garden, special garden, and  
etc), the attached green land (offices, factories and 
mines, schools, traffic road, residential district 
green space, and etc), the productive green land 
(nursery, garden, herb garden, orchard, and etc), the 
protective green land (windbreaks, isolation belt, 
high-pressure city greenbelt corridors, and etc), and 
the other forest area (scenic forest, forest park, wild 
animals and plants park, wetland, landfill field 
recovery green land). 

Around the construction goal of "ecological 
civilization" and "beautiful China", Chinese 
greening construction made exceedingly great 
achievements. In 2015, China Greening Committee 

ich shown that the 
green coverage area of Chinese urban built-up 
district is approximately 1.9075 million hectares in 
2014, increasing about 95.5 thousand hectares 
compared to 2013. That accelerated the 
improvement of the quality of living environment 
and provided more recreational and active space for 
people. But the changes of climate and habitat as 
well as the introduction of new species and varieties 
of plant material directly provide material 
conditions for various harmful organisms to 
parasitism and reproduce, which make pest 
disasters break out frequently in many areas. 
According to reports, the total number of trees 

termites, Black Winged termites, Yellow Winged 
termites, and etc) is about 828 in Guangzhou 
Uprising martyrs cemetery garden, accounting for 
23% of the total number of the trees in the garden. 

approximately 60 trees die [3]. Meanwhile, some of 
organisms living in green land become the medium 
and carriers of pathogens and the interactions 
between these organisms and the parasitifer will 
cause the risk of people and animal infecting 
diseases. The death events in Henan province in 
2010 caused by tick biting disease highlighted that 
the prevention and control of tick have important 
public health significances [4]. With the frequent 
invasion of alien pests, the varieties of invaded 
alien organisms in China have arrived at 544 types 
by the end of 2013, quite a part invading into green 
land. More than 100 kinds of these pests have 
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already caused large area and serious disasters in 
China. The International Union for conservation of 
nature announced 100 kinds of the global most 
dangerous alien species and more than 50 types 
have already invaded into China, which cause 
serious threats to the balance of ecological system 
[5]. 

 
 

THE CAUSING REASONS OF GREEN LAND 
BIOLOGICAL RISK 

 
Unreasonable allocation of green plants. 

Urban green land system is an artificial open 
system mainly by artificial regulation and its 
self-adjustment ability is relatively weak. So the 
anti-reversion and stability of system are relatively 
poor and natural enemy resources are relatively 
scarce, which make it difficult to form a stable 
natural control mechanism to prevent pests. In 
addition, the construction of urban green land has 
some issues. Firstly, garden plants configuration is 
not reasonable. Secondly, single color plants are 
secretly planted in large area. Thirdly, the design 
density of green land is over high or pest 
heteroecious plants are mixed planting. For 
example, juniper or Platycladus and Rosaceae 
plants are planted together, which creates 
conditions for the occurrence and prevalence of 
heteroecious rust of pear, juniper and so on. The 
planting of a large number of single species directly 
cause the biological diversity insufficient. For 
instance, the 35 kinds of landscape tree species 
surveyed in Guangzhou already account for 70% of 
the all greening species in the surveyed region [6]. 
These reasons become an important factor of the 
instability of Chinese green vegetation community 
and provide sufficient fodder and spreading 
environment for certain pests. With the rapid 
increasing of urban green coverage rate and the 
continuous introduction of new technologies and 
varieties of green seedlings, cities are becoming 
increasingly green. However, urban landscape 
greening works also exist very large shortages, 
which mainly reflect that concentrating on 
construction but ignoring maintenance, fragile 
artificial environment chain, and difficultly 
achieving an excellent and balanced ecological 
environment. 

 
The impacts of human activities. The 

relationship between humans and green land is 
increasingly close, especially in the urban 
environment. The limited number of available green 
land leads to people entering the urban green land 
systems frequently. Undoubtedly, green land is 
wildlife habitats as well as recreation ground of 
people and their pets. Although these urban natural 

environment is not suitable for large-scale artificial 
habitats host, the spreading rate of diseases 
resulting from pests is exacerbating through smaller 
mammals (wild host), humans and their pets, 
especially dogs forced proximity [7]. Take ticks as 
an example, in the past 10 to 20 years, the 
increasing of ticks and tick-borne disease cases has 
been widely reported in Europe. It has been found 
192 kinds of infectious organisms (including 
viruses, spirochetes, rickettsia, bacteria, and etc.), 
parasites and toxins paralysis ticks that are related 
to the spreading of ticks bites, particularly a series 
of tick-borne diseases have been emerged in recent 
years, which pose threats to human survival and 
health [8]. The study about ticks and dogs launched 
in a large suburban park in southwest England 
showed that the risk of ticks touching dogs is 
positively correlated to the frequency of its 
appearing [9]. 

 
The changes in habitat, climate and other 

conditions. With the acceleration of Chinese 
urbanization, a lot of city green lands especially the 
suburb green land are related to the fields of rural 
economic crops and grain or connected with them 
in geography. There are many pests deriving from 
vegetables and edible crops that become major 
pests of city landscape plants, except insect diseases 
of plant itself, and they may cross infect. For 
example, the meadow moth, Spodoptera litura, 
grasshoppers and underground pests (beetle, 
cutworm) poured into the city green land and 
caused great harm. What are the reasons that the 
main pest species evolving from large to small and 
from exposing to covering is the impacts of the 
nutritional factors of city green land (food 
conditions), cultivation and conservation, as well as 
the greenhouse effect resulting from abnormal 
climate [10]. For instance, sucking insects (aphid, 
coccoidea, acarid, thrip, Aleyrodidae, Psyllidae, 
plant hopper) are epidemic in the urban green plants, 
resulting in expanding of the scope of host. Borer 
pests (Cerambycidae Cossidae, Scolytidae and etc) 
are continuously spreading, which leads to that the 
damage rate of some susceptible species is as high 
as 90%. At the same time the damages of these 
pests can easily cause a disease called "sooty sick" 
that does harm to urban green land landscape. 

 
The unordered transportation of new 

varieties of green plants. With the continuous 
improvement of traffic and the continuous 
development of the tourism industry, some 
organisms can be transported to other place and 
zone that are more suitable for their growth, which 
results in the spread of pests and cause panic among 
residents. Although the quarantining of new crop 
varieties is very strict, the transported management 
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of new garden plants varieties is not strict and the 
quarantining department hardly quarantine these 
transported garden plants, resulting in the 
phenomena of green plants unordered transporting 
are very common. A large number of exotic species 
and seedlings with dangerous pests were introduced 
through the process of unordered transportation, 
causing a greater threat to the production of local 
plants and the greening. Meanwhile, some exotic 
species can easily be brought through greening 
projects or other activities, which makes the 
possibility of the invasion of alien harmful species 
increase. 

 
The weak quarantining of import. There are 

serious diseases and  disasters, as well as the 
issue of biological invasion in the import 
quarantining of flowers and seedlings [11]. The 
weak quarantining of some new garden plants 
varieties caused some invasive pest disaster, such as 
liriomyza sativae, opogona sacchari, Hyphantria 
cunea, Bursaphelenchus xylophilus, Bemisia tabaci, 
Rasbora bankanensis, Frankliniella occidentalis, 
Radopholus similis. Opogona sacchari derived from 
Africa was first found in Beijing in 1997, whose 
host plants amount to 23 families and 56 species, 
and it does serious harm to Dracaena Fragrans, 
Pachira aquatica, cycad revoluta, Euphorbia 
pulcherrima and so on [12]. Opogona sacchari has 
extended all over 22 provinces in China just two 
years time since it was introduced [13]. After exotic 
harmful plants invaded into the urban green land 
system, they can easily occupy the leading position 
in the food chain, invade ecological niche of native 
plants, and result in disasters. Eupatorium 
adenophorum, Eupatorium odoratum, Eichhornia 
crassipes, Alternanthera philoxeroides, 
Solidago decurrens is the first batch of foreign 
species released by the National Environmental 
Protection Bureau and their growth regions pose 
threats to local species survival. More than 30 kinds 
of native ornamental plants species have 
disappeared in recent 20 years in Shanghai due to 
planting Solidago Canadensis. Because Lythrum 
salicaria originating in Europe was introduced into 
North America in more than 100 years ago, the 
original native plants were died. Many animals 
migrated due to the change of habitat, and 
ecological environment and biodiversity were 
damaged [14]. 

In addition, low social cognition level, weak 
foundation of prevention and treatment, insufficient 
capital investment, single means of prevention and 
control, and backward technologies are also the 
significant factors of serious occurrence of 

urban green land system. 
 
 

POTENTIAL BIOLOGICAL RISKS OF 
VARIOUS GREEN LAND IN DIFFERENT 
REGIONS IN CHINA 

 
Potential biological risks of various green 

land in different regions in China. China is a 
country with a vast territory and diverse natural 
landscape. So the biological risks of corresponding 
diseases and pest  are widely distributed 
and various. Urban green land is the green space 
that is closely related to human survival and 
development. However, based on the current status 
of research, the survey of potential biological risks 
in Chinese urban green land systems are not further 
and systemic, and there are many areas not 
investigated and studied. The recorded varieties are 
very limited and the information are scattered. 
Therefore, it is necessary to summarize and 
conclude the existing data and find the distributed 
characteristics of the zones that maybe erupt 
biological risks in China to provide relevant 
information for the treatments of harmful organisms 
and the managements of risks in green land. 

According to the characteristics of Chinese 
geography, climate and administrative region, 
China is divided into East China, North China, 
Central China, Southwest China, Southern China, 
Southwest China, and Northeast China. So the 
green land in China is also divided into 7 regions, 
including the North China zone (Beijing, Tianjin, 
Hebei, Inner Mongolia, Shanxi, Shandong), the 
East China zone (Shanghai, Zhejiang, Jiangsu, 
Anhui), the Southern China zone (Fujian, 
Guangdong, Guangxi, Hainan), the Central China 
zone (Henan, Hubei, Hunan, Jiangxi), the 
Southwest China zone (Sichuan, Chongqing, 
Kunming, Guizhou), the Northeast China zone 
(Liaoning, Jilin, Heilongjiang), and the Northwest 
China zone (Shanxi, Ningxia, Qinghai, Gansu, 
Xinjiang). Combined with the relevant literatures 
involving biological risks in Chinese green land, the 
statistics of 
systems in the different regions in China was done 
(Table 1). 

 
Potential risks of pests

green land in Central China. Take the park green 
land that can represent typical garden green land in 
Central China as studied object, including suburban 
park, visiting garden, street center garden, special 
garden and so on, we apply two surveyed methods 
(census and sampling) to experimentize. Because 
most of insects are in the overwintering state from 
November to next April, the investigation on the 
species was performed in April to October and two 
surveys were separated by 10 days to 15 days every 
month. Specific processes are that collecting the 
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TABLE 1 
Potential biological risks of various green land in different regions in China [15-23] 

 
Regions Major host plant varieties Potenti  

Northern 

China zone 

Populus L., Salix babylonica, Sophora japonica Linn., 

Robinia pseudoacacia L., Picea asperata Mast., Ailanthus 

altissima, Pinus armandii Franch., Pinus 

tabuliformis Carrière, Sabina chinensis (L.) Ant., Platycladus 

orientalis (L.) Franco, Juglans regia, Ulmus pumila L., Acer 

mono Maxim., Acer truncatum Bunge, Crataegus pinnatifida 

Bunge, Acer truncatum Bunge, Paulownia Sieb. et Zucc., 

Sophora japonica Linn., Robinia pseudoacacia L, Diospyros 

kaki Thunb., Salix matsudana Koidz, Lonicera 

maackii (Rupr.) Maxim., Cercis chinensis , Fraxinus 

chinensis Roxb., Cerasus ssp., Nerium indicum Mill., 

Ailanthus altissima, Euonymus alatus (Thunb.) Sieb, 

Amygdalus triloba, Osmanthus sp., Diospyros kaki Thunb., 

Syringa Linn., Ginkgo biloba L., Pyrus spp, Armeniaca 

vulgaris Lam., Prunus mume, Cerasus ssp., Malus 

spectabilis, Morus alba L., Amygdalus persica var. persica f. 
duplex, Amygdalus persica L., Malus pumila Mill., Prunus 

salicina Lindl., Prunus ceraifera cv. Pissardii, Medicago 

sativa, Rosa chinensis Jacq.  

Cinara pinitabulaeformis Zhang et Zhang, Cicadella viridis, 

Jacobiasca formosana, Hyalopterus arundimis Fabricius, Aphis 

gossypii Glover, Parathrene tabaniformis Rottenberg, Apriona 

swainsoni (Hope), Anoplophora glabripennis, Pseudaulacaspis 

pentagona (Targioni Tozzetti), Phenacoccus fraxinus Tang, 

Tetranychus cinnbarinus, Macrosiphum rosirvorum Zhang, 

Semiothisa cmerearia (Bremer et Grey), Stilprotia salicis 

(Linnaeus), Parocneria furva (Leech), Cnidocampa 

flavescens(Walker), Porthesia similis (Fueszly) ,  Cimbex 

taukushi Marlatt , Serica orientalis Motschulsky, Anomala 

corpulenta Motschulsky, Prinoxystus robiniae, Dendroctonus 

valens LeConte, Ips acuminatus, Hyphantria cunea(Drury), 
Phalera flavescens, Prodenia litura (Fabricius), Celerio 

hippophaes(Esper), Eucryptorrhynchus brandti(Harold), 
Chrysobothris succedana,  Telphusa chloroderces Meyrich, 

Lycorma delicatula White, Malacosoma neustria testacea 
Motschulsky, Boophilus microplus  

 
Eastern 

China zone 

Populus L., Cinnamomum camphora (L.) presl, Pinus 

massoniana Lamb., Pinus taeda L., pinus elliottii, Cedrus 

deodara (Roxb.) G. Don, Sabina chinensis (L.) Ant., 
Platycladus orientalis (L.), Acer palmatum Thunb., Acer 

truncatum Bunge, Koelreuteria paniculata, Nerium 

indicum Mill., Ligustrum sinense Lour, Sapium sebiferum (L.) 

Roxb., Bischofia polycarpa , Michelia chapensis Dandy, 

Distylium racemosum Sieb.et Zucc., 

Aphananthe aspera (Thunb.) Planch., Salix babylonica, 

Ulmus pumila L., Hibiscus syriacus Linn., Viburnum 

odoratissinum, Elaeocarpus decipiens Hemsl., Cunninghamia 

lanceolata (Lamb.) Hook., Sophora japonica Linn., Robinia 

pseudoacacia L, Myrica rubra (Lour.) S. et Zucc., 
Cerasus ssp., Lagerstroemia indica L. Amygdalus persica L., 

Amygdalus persica var. persica f. duplex, Prunus mume, 

Malus spectabilis, Rosa chinensis Jacq., Podocarpus 

macrophyllus, Cycas revoluta Thunb., Pyracantha fortuneana 

(Maxim.) Li, Gardenia jasminoides, Loropetalum chinense 

var.rubrum, Spiraea Salicifolia L., Rhododendron 

simsii Planch., Buxus sinica (Rehder & E. H. Wilson) M. 

Cheng, Buxus megistophylla Levl., Dichondra repens Forst., 
Festuca elata Keng ex E. Alexeev, Cynodon 

dactylon(Linn.)Pers.  

Aromia bungii Faldermann, Anoplophora chinensis, 

Anoplophora glabripennis, Apriona germari(Hope), 

Hyphantria cunea(Drury), Tinocallis kahawaluokalani 

Kirkaldy, Periphyllus koelreuteria Takahaxhi, Aphis nerii, 

Gryllotalpa orientalis Burmeister , Clostera anachoreta, 

Cnidocampa flavescens, Clania variegata Snellen, Calospilos 

suspecta Warren, Diaphania perspectalia, Micromelalopha 

sieversi, Aphis gossypii Glover, Ceroplastes rubens (Maskell), 

Ceroplastes japonicas Guaind, Trioza camphorae Sasaki, 
Stephanitis pyriodes, Monochamus alternatus Hope, Hyalomma 

detritum , Boophilus microplus  

Southern 

China zone 

Cinnamomum burmanni (Nees et T.Nees) Blume, Nerium 

indicum Mill., Murraya exotica, Dendranthema 

morifolium  (Ramat.) Tzvel., Rosa chinensis Jacq., Chorisia 

speciosa, Bischofia javanica, Mangifera indica L., Hibiscus 

rosa-sinensis Linn. , Osmanthus  sp., Carmona microphylla 

(Lam.) Don., Ficus microcarpa Linn. f., Pittosporum tobira, 

Murraya exotica L., Aglaia odorata Lour., Michelia 

alba DC., Michelia champaca Linn., Michelia figo (Lour.) 
Spreng, Cycas revoluta Thunb., Ficus altissima, Ficus 

microcarpa, Ficus benjamina, Lagetstroemia speciosa, Cercis 
chinensis , Clausena lansium (Lour.)Skeels, Ficus 

carica Linn., Ligustrum sinense, Syzygium cumini (L.) 
Skeels., Zoysia tenuifolia Willd. ex Trin. 

Brontispa longissima (Gestro), Formosaphis micheliae, Aphis 

gossypii Glover, Myzus persicae (Sulzer), Jacobiasca 

formosana, Tetranychus cinnbarinus, Psylla mali, 

Aleurocanthus spiniferus(Quaintanca), Stephanitis pyriodes, 

Gynaikothrips uzeli Zimm, Ocinara Varians Walker, Sylepta 

derogata Fabricius, Spodopera pecten, Pericyma cruegri 

(Butler), Dendrolimus punctatus Walker, Trabala vishnou 

gigantina (Yang), Psilogramma menephron (Gramer.), 

Chelidenium ar gentatum , Chlumetia transversa, Porthesia 

scintillans,  Pseudaulacaspis pentagona (Targioni Tozzetti), 

Aglossa caprealis, Holotrichia sauteri Moser, Boophilus 

microplus, Chilades pandava (Horsfield)  

 

Middle 
China zone 

Cedrus deodara (Roxb.) G. Don, Cinnamomum camphora 

(L.) Presl., Ligustrum lucidum, Bischofia polycarpa , 

Metasequoia glyptostroboides Hu & W. C. Cheng, Salix 

babylonica, Koelreuteria paniculata, Acer palmatum Thunb., 

Ginkgo biloba L., Punica granatum L., Prunus ceraifera cv. 
Pissardii, Ailanthus altissima, Fraxinus chinensis Roxb., 

Lycorma delicatula, Aromia bungii, Dictyoploca japonica 

Butler, Aphis gossypii Glover, Myzus persicae (Sulzer), 

Tuberocephalus momonis, Ceroplastes japonicas Guaind,  

Pseudaulacaspis pentagona (Targioni Tozzetti), Drosicha 

contrahens, Eriococcus legerstroemiae Kuwana, Anoplophora 

glabripennis, Anoplophora chinensis, Apriona germari(Hope), 



© by PSP  Volume 25  No. 12/2016, pages 5499-5510   Fresenius Environmental Bulletin  

5503 

Photinia serrulata Lindl., Camptotheca acuminata, 

Pterocarya stenoptera C. DC, Ulmus pumila L., Sassafras 

tsumu, Castanopsis sclerophylla (Lindl.) Schott., Ligustrum 

obtusifolium sieb. Et Zucc., Hibiscus mutabilis Linn., 
Hibiscus syriacus  Linn., Nerium indicum Mill., Cercis 

chinensis, Amygdalus triloba, Punica granatum L., Magnolia 

denudata Desr., Amygdalus persica var. persica f. duplex, 

Malus spectabilis, Amygdalus persica L., Pyrus spp, 

Cerasus ssp., Lagerstroemia indica L., Osmanthus fragrans 

(Thunb.) Lour., Nandina domestica., Wisteria sinensis, 

Ligustrum quihoui Carr., Buxus megistophylla Levl., Michelia 

figo (Lour.)Spreng, Rosa chinensis Jacq., Rhododendron 

simsii Planch., Gardenia jasminoides Ellis, Cleome 

spinosa Jacq., Camellia japonica L., Beta vulgaris L. var. 
cicla L., Oxalis corymbosa DC.  

Stilpnotia salicis (Linnaeus), Holcocerus insularis Stgr., 

Dendroctonus valens LeConte, Psilogramma menephron, 

Clania vartegata Snellen, Panonchus citri Mc Gregor, 

Choristoneura  metasequoiacola , Dendrolimus 

punctatus Walker, Odontotermes formosanus, Macrotermes 

barneyi Light, Syynpiezoyrelias lewisi(Roelofs), Dichocrocis 

punctiferalis Guenée, Cicadella viridis, Jacobiasca formosana, 

Cryptotympana atrata, Calospilos suspecta  Warren, 

Dictyoploca japonica Butler, Anomala corpulenta Motschulsky, 

Rhipicephalus haemaphysaloides haemaphysaloides, Boophilus 

microplus, Trialeurodes vaporariorum (Westwood)  

 Southwest 
China zone 

Bischofia polycarpa, Syringa tomentella , Ulmus pumila L., 
Fraxinus chinensis Roxb., Ficus concinna (Miq.Miq.), Salix 

babylonica Phoenix canariensis, Michelia chapensis Dandy, 

Osmanthus  sp., Malus spectabilis, Cerasus ssp., Amygdalus 

persica L., Prunus mume, Prunus ceraifera cv. Pissardii, 
Amygdalus persica var. persica f. duplex, Ligustrum vicaryi, 

Cycas revoluta Thunb., Lagerstroemia indica L., Cedrus 

deodara (Roxb.) G. Don, Cinnamomum camphora (L.) Presl., 

Camellia japonica L., Schefflera octophylla (Lour.) Harms, 

Cinnamomum japonicum Sieb., Ligustrum × vicaryi Hort, 

Rosa chinensis Jacq., Pittosporum tobira, Rosa L., 

Rhododendron simsii Planch., Fatsia japonica 

(Thunb.)Decne. et Planch  

 Stephanotis nashi (Esaki et Takeya),  Tinocallis 

Kahawaluokalani(Kirkaldy),  Ocinara brunnea Wil.,  Myzus 

persicae (Sulzer), Argopistesekooni Chen, Gynaikothrips 

uzeli(Zimmermann),  Aleurocanthus spiniferus(Quaintanca),  

Chilades pandava,  Ericerus pela Chavannes,  Ceroplastes 

rubens (Maskell), Pseudaulacaspis pentagona (Targioni 

Tozzetti), Eriococcus legerstroemiae Kuwana,  

Macrohomotama gladiatum kuwayama , Liriomyza sativae 

Blanchard, Rhyncophorus ferrugineuss, plagiodera versicolora 

(Laicharting), Cnidocampa flavescens(Walker), Ceroplastes 

pseudoceriferus Green, Tetranychus cinnbarinus  

 Northwest 

China zone 

 Pinus sylvestris var. mongolica Litv. , Pinus 

tabuliformis Carrière, Larix gmelinii (Rupr.) Kuzen. , 
Fraxinus mandshurica Rupr, Betula platyphylla Suk., Betula 

davurica Pall., Ailanthus altissima, Ligustrum obtusifolium 

Sieb. et Zucc., Fraxinus chinensis Roxb., Ulmus pumila L., 

Prunus persica f. rubro-plena, Populus L., Prunus padus L., 
Crataegus pinnatifida Bunge, Salix babylonica, Amygdalus 

persica L., Armeniaca vulgaris Lam., Pyrus spp, Gleditsia 

sinensis Lam., Euonymus maackii Rupr., Lonicera japonica 

Thunb., Cydonia oblonga Mill, Juglans mandshurica Maxim, 

Magnolia coco (Lour.) DC., Malus asiatica Nakai, Elaeagnus 

angustifolia Linn. , Sophora japonica Linn., Juglans regia, 

Acer ginnala Maxim., Platycladus orientalis (L.) Franco, 

Ailanthus altissima, Malus pumila Mill., Pinus 

koraiensis Sieb. et Zucc., Picea asperata Mast., Acer mono 

Maxim., Celtis bungeana Bl, Abies fabri (Mast.)Craib, 

Xylosma racemosum(Sieb. et Zucc.)Miq., Lespedeza 

bicolor Turcz, Syringa Linn., Ligustrum lucidum, 

Rhododendron simsii Planch., Rosa chinensis Jacq., Spiraea 

thunbergii  

Hyphantria cunea(Drury), Chrysomela populi Linnaeus, 

Ambrostoma quadriimpressum Motschlsky, Malacosoma 

neustria testacea Motschulsky, Tuberocephalusmomonis, 

Tetranychus cinnbarinus, Anoplophora glabripennis, 

Cryptorrhynchus lapathi L., Agrotis ypsilon Rottemberg, 

Semiothisa cmerearia (Bremer et Grey), Agrilus planipennis 

Fairmaire, Agrilius sp., Chrysobothris succedana, Apriona 

germari(Hope), Gryllotalpa unispina Saussure, Ericerus 

pela Chavannes, Holotrichia diomphalia Bates, Trialeurodes 

vaporariorum (Westwood), Liriomyza sativae Blanchard, 
Clostera anastomosis, Apocheima cinerarius Erschoff, 

Stilprotia salicis (Linnaeus), Aporia crataegi, Papilio xuthus, 

Yponomeuta evonymallus (Linnaeus), Ips acuminatus , 

Parathrene tabaniformis (Rottenberg), Cossus cossus Linnaeus, 

Loxostege sticticalis Linne  

Northeast 

China zone 

Juglans regia, Quercus aliena Bl., Pinus armandii Franch., 

Pinus tabuliformis Carrière, Cotinus coggygria Scop., Ulmus 

pumila L., Salix babylonica, Populus L., Sophora 

japonica Linn., Robinia pseudoacacia L, Castanea 

mollissima, Prunus ceraifera cv. Pissardii, Ligustrum 

lucidum, Buxus sinica (Rehder & E. H. Wilson) M. Cheng, 

Malus pumila Mill., Pyrus spp, Amygdalus triloba, 

Armeniaca vulgaris Lam., Amygdalus persica L., Malus 

prunifolia (Willd.) Borkh., Euonymus alatus (Thunb.) Sieb, 

Buxus sinica (Rehder & E. H. Wilson) M. Cheng, Amygdalus 

persica var. persica f. duplex, Elaeagnus angustifolia Linn., 

Spiraea blumei G. Don, Rosa davurica, Rosa 

multiflora Thunb., Rhododendron simsii Planch., Calystegia 

hederacea Wall, Trifolium repens L., Poa annua L., Lolium 

perenne L, Festuca elata Keng ex E. Alexeev  

Ericerus pela Chavannes, Pseudaulacaspis pentagona (Targioni 

Tozzetti), Tetranychus cinnbarinus, Hyalopterus arundimis 

Fabricius, Tetraneura ulmi(Linnaeus), Aphis ciricola van der 

Goot, Spilonota lechriaspis Meyrick, Lyonetia clerkella L., 
Lithocolletis ringoniella Mats., Cnidocampa 

flavescens(Walker), Pontania bridgmannii Cameron, Diaphania 

perspectalis (Walker), Atractomorpha sinensis Bolvar, 

Harmonia axyridis (Pallas), Cicadella viridis, Anoplophora 

chinensis, Chrysobothris succedana, Anomala corpulenta, 

Lymantria dispar, Halyomorpha Picus (Fabricius), Sinitinea 

pyrigalla, Dendroctonus armandi, Plagiodera versicolora 

(Laicharting), Liriomyza sativae Blanchard, Ixodes persulcatus, 

Ornithodoros papillipes , Hyphantria cunea(Drury) 
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TABLE 2 
 Potential risks of  

 

No. Major host plant varieties Latin name 
Classification 
position 

Harmful to 
people or 
animals 

1.  Pinus massoniana Lamb. Dendrolimus 

punctatus Walker 

Lepidoptera Yes 

2.  Cerasus ssp., Prunus mume, Osmanthus fragrans (Thunb.) Lour., 

Amygdalus persica L., Magnolia Grandiflora Linn, Prunus ceraifera cv. 
Pissardii, Rosa chinensis Jacq., Gardenia jasminoides, Malus 

spectabilis(Ait.) Borkh., Rosa multiflora, Chimonanthus praecox (Linn.) 
Link, Spiraea cantoniensis Lour., Pinus massoniana Lamb., Cinnamomum 

camphora (L.) presl, Pterocarya stenoptera C. DC 

Odontotermes formosanus Isoptera Yes 

3.  Cinnamomum camphora (L.) Presl., Platanus acerifolia Willd., 

Liquidambar formosana Hance, Ilex cornuta Lindl. et Paxt., Magnolia 

Grandiflora Linn, Michelia alba DC., Pterocarya stenoptera C. DC, Salix 

babylonica Linn., Robinia pseudoacacia L., Osmanthus fragrans (Thunb.) 
Lour. 

Macrotermes barneyi 

Light 

Isoptera Yes 

4.  Camellia japonica L., Sophora japonica Linn., Robinia pseudoacacia L, 
Punica granatum L., Citrus reticulata Blanco, Populus L. 

Syynpiezoyrelias lewisi 

(Roelofs) 
Coleoptera  / 

5.  Hibiscus syriacus  Linn., Punica granatum L., Prunus ceraifera cv. 
Pissardii, Nerium indicum Mill., Prunus mume, Cercis chinensis 

Aphis gossypii Glover Hemiptera / 

6.  Malus spectabilis(Ait.) Borkh., Cerasus ssp., Nerium indicum Mill., 
Prunus mume, Amygdalus persica L. 

Myzus persicae (Sulzer) Hemiptera / 

7.  Amygdalus persica var. persica f. duplex, Amygdalus triloba, Cerasus ssp. Tuberocephalus momonis Homoptera / 
8.  Robinia pseudoacacia L, Amygdalus persica L., Ligustrum lucidum, 

Camellia japonica L., Platanus orientalis Linn., Paulownia Sieb. et Zucc., 

Bambusoideae, Salix babylonica Linn., Populus L., Morus alba L. 

Cicadella viridis Homoptera  Yes  

9.  Amygdalus persica L., Ligustrum lucidum, Ilex cornuta Lindl. et Paxt., 
Buxus megistophylla Levl., Buxus sinica var. parvifolia M. Cheng, Prunus 

ceraifera cv. Pissardii  

Jacobiasca formosana Homoptera  Yes  

10.  Salix babylonica Linn., Amygdalus persica L., Cerasus ssp., Sophora 

japonica Linn., Robinia pseudoacacia L, Fraxinus chinensis Roxb., 
Populus L.  

Cryptotympana atrata Homoptera 

 

/ 

11.  Lagerstroemia indica L., Punica granatum L., Ligustrum lucidum, 

Ligustrum quihoui Carr., Michelia figo (Lour.)Spreng 

Eriococcus legerstroemiae 

Kuwana 
Homoptera / 

12.  Cerasus ssp., Rosa chinensis Jacq., Malus spectabilis(Ait.) Borkh., Prunus 
ceraifera cv. Pissardii, Ligustrum lucidum, Buxus megistophylla Levl. 

Drosicha contrahens Homoptera / 

13.  Armeniaca mume , Amygdalus persica var. persica f. duplex, Cerasus ssp., 

Hibiscus syriacus  Linn., Cycas revoluta Thunb., Ginkgo biloba L. 
Pseudaulacaspis 

pentagona (Targioni 

Toz-zetti) 

Homoptera / 

14.  Camellia japonica L., Prunus ceraifera cv. Pissardii, Malus spectabilis(Ait.) 

Borkh., Pinus massoniana Lamb., Cedrus deodara (Roxb.) G. Don, Pinus 

thunbergii Parl., Albizia julibrissin Durazz., Liquidambar formosana Hance, 

Robinia pseudoacacia L, Platanus orientalis Linn. 

Ceroplastes 

japonicas Guaind 

Homoptera / 

15.  Platanus orientalis Linn., Populus L., Salix babylonica Linn., Ulmus 

pumila L., Robinia pseudoacacia L, Acer palmatum Thunb. 

Anoplophora glabripennis Coleoptera Yes  

16.  Camellia japonica L., Viburnum odoratissimum Ker-Gawl, Platanus 

orientalis Linn., Lagerstroemia indica L., Populus L., Salix babylonica 

Linn., Ulmus pumila L., Robinia pseudoacacia L, Morus alba L., Cerasus 

ssp., Sophora japonica Linn., Fraxinus chinensis Roxb., Sabina chinensis 

(L.) Ant. cv. Pyramidalis 

Anoplophora chinensis Coleoptera Yes  

17.  Salix babylonica Linn., Populus L., Robinia pseudoacacia L, Broussonetia 

papyrifera, Pterocarya stenoptera C. DC, Citrus reticulata Blanco 

Apriona germari(Hope) Coleoptera / 

18.  Populus L., Salix babylonica Linn., Amygdalus persica var. persica f. 
duplex, Pterocarya stenoptera C. DC 

Anomala corpulenta 

Motschulsky 
Coleoptera Yes  

19.  Camellia oleifera Abel., pinus elliottii, Amygdalus persica L. Dichocrocis punctiferalis   
Guenée 

Lepidoptera / 

20.  Populus L., Salix babylonica Linn., Buxus megistophylla Levl., Buxus 
sinica var. parvifolia M. Cheng, Buxus bodinieri Levl., Euonymus 
maackii 

Calospilos suspecta 
Warren 

Lepidoptera / 

21.  Cinnamomum camphora (L.) presl, Ginkgo biloba L., Liquidambar 
formosana Hance, Camptotheca acuminata., Pterocarya stenoptera C. 
DC, Diospyros kaki Thunb. 

Dictyoploca japonica 
Butler 

Lepidoptera / 

22.  Cinnamomum camphora (L.) presl, Salix babylonica Linn., Populus L. Holcocerus insularis Lepidoptera / 
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Stgr. 
23.  Ligustrum lucidum, Paulownia Sieb. et Zucc., Fraxinus chinensis 

Roxb., Gardenia jasminoides, Osmanthus fragrans cv.Tbubergii, 
Michelia figo (Lour.)Spreng, Cinnamomum camphora (L.) 
presl,  Catalpa ovata G. Don. 

Psilogramma menephron Lepidoptera / 

24.  Pterocarya stenoptera C. DC, Robinia pseudoacacia L, Ginkgo biloba 
L., Salix babylonica Linn., Platycladus orientalis(L.) 
Francoptmxjjkmsc 

Clania vartegata 
 Snellen 

Lepidoptera / 

25.  Citrus reticulata Blanco, Ailanthus altissima, Osmanthus  fragrans    
(Thunb.) Lour. 

Panonchus citri Mc 
Gregor 

Arachnoidea Yes 

26.  Woodland, lawn Rhipicephalus 
haemaphysaloides  

Arachnoidea  Yes  

27.  Woodland, lawn Boophilus microplus Arachnoidea  Yes 

 
 
different vegetation zones in park, luring and killing 
insects by hanging insecticidal lamps in the 
appropriate location and identifying species, 
identifying the collected specimens, analyzing the 
collected data, and summarizing a directory about 
green pests (Table 2). 

 
The monitoring and early warning of green 

land biological risk. After many harmful 
organisms entering the urban green land system, 
they will undergo an adjustment period, called time 
delayed period. During this period, taking effective 
measures basically can achieve the purpose to 
eradicate or control them. Taking measures to 
eradicate or control until they widely spreading 
makes the difficulty and cost very high. Prevention 
is more important and economic than control. 
Therefore, in order to forbid the harmful green land 
organisms from causing serious harm, the 
establishment of the early warning and monitoring 
system of harmful urban green land organisms is 
necessary and imperative [24]. 
Green biological early warning refers to monitor 
and predict uncertain events resulting from harmful 
green land organisms to meet the requirements of 
treatment and management. Lucas [25] and Zhang 
[26] put forward the constructing methods of 
biological early warning and monitoring system 
about urban garden plants. The early warning 
system of harmful urban green land organisms is 
divided into four parts through systematic summary 
and research, including decision-making and 
command, technical supporting, risk evaluation, 
and organization implementing system. 
 

1. Decision-making and command. 
Decision layer, fully leading the early warning 
system, is the highest decision-making institution of 
the early warning system. It is leaded by the urban 
branching charge department and aims to establish 
internet monitoring system, clear responsibilities of 
each department, examine the early-warning and 
predicting information, prevent and control 
decision-making and coordinate other organization. 

At the same time, it can also examine the 
emergency control plan of large emergencies and 
decide the start and end of the emergency plan. 

 
2. Technical supporting. What is the 

strong technical backing of the construction of early 
warning system are that making full use of 
domestic technology, setting up expert database, 
breeding the professional people in the research 
field of early warning about harmful organisms, and 
maintaining relative stability of the team personnel 
structure and technological superiority. The 
managing and technical personnel of garden 
greening should learn the knowledges concerning 
the identification, monitoring, early-warning and 
comprehensive treatment of harmful organisms in 
garden plants through on-site training, special 
training and interactive communication training to 
guide the prevention and control of harmful 
organisms in green land towards the developing 
direction that people and environment are all safe. 

The establishment of the monitoring center, 
the monitoring station, the risk analysis center and 
the early-warning information analysis center about 
harmful organisms in green land is also an 
important way. Meanwhile, the equipments of 
specialized instruments as well as researchers and 
the cooperation of daily monitoring work are 
indispensible. Researchers should carry out work 
around the major scientific and technological 
problems happened in the implementation process 
of early-warning system and monitoring, and 
perform extension analysis to monitoring and 
early-warning information. 

 
3. Risk evaluation. Risk assessment of 

green land organisms, based on the biological data 
of harmful organisms such as name, classification, 
host, biological characteristics and harm degree, 
refers to perform the risk assessment from the 
aspects of the possibility of introduction, the 
possibility of diffusion and the impacts to economy, 
society and environment after they are introduced, 
and ultimately determine the level of quarantining 
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and the level of risk. On the other hand, the gradual 
establishment of the evaluation mechanism of risk 
analysis of harmful green 
and the classification management of harmful green 
land organisms on the basis of disaster risk are 
exceedingly important. Aimed at first class pests 
who have large disaster risk, the formulation of 
detailed contingency plans is the efficient measure 
that can make the disasters immediately eliminate 
once occurred. Aimed at second and third class 
pests who have potential disaster risk, establishing 
strict and systemic monitoring mechanism and 
reserving the corresponding technologies of 
prevention and control are effective strategies [27]. 

 
4. Organization implementing system. 

Establishing some monitoring points in the range of 
monitoring is convenient for the fixed-site 
monitoring of urban harmful green land organisms. 
The monitoring and early-warning reports of urban 
harmful green land organisms can regularly update 
by arranging technical personnel to collect the 
situation of each monitoring point and relying on 
the existing database of harmful organisms. The 
early-warning and monitoring center should further 
survey the , 
and timely make the implementing situation of 
relative measures feed back to the landscape and 
Scenic Area Management Office. The monitored 
objects mainly consist of harmful organisms in 
urban green land and invaded alien harmful species, 
including quarantining harmful organisms and 
harmful garden organisms that may have negative 
impact on the human body. Meanwhile, it is an 
advisable measure that monitoring those harmful 
garden organisms that do not invade, as far as 
possible to early detect and eliminate, to reduce the 
possibility of invasion [28]. 

 
 

COMPREHENSIVE PREVENTION AND 
CONTROL OF HARMFUL ORGANISMS IN 
GREEN LAND 

 
Urban green land system is a complex ecosystem of 
society, economy and nature. The treatment to 
harmful organisms in urban green land system is 
the embodiment of the interaction between human 
and urban green land environment. The prevention 
and control of harmful organisms are an important 
part of the urban green land maintaining and 
directly affect the sustainable development of the 
urban ecological environment and ecosystem. 
However, the phenomenon that emphasizing 
treatment but ignoring prevention, as well as blind 
use of chemical pesticides has been widespread up 
to now in process of the prevention and control of 
harmful organisms. The abuse of chemical 

pesticides, except continuously increase the cost, 
can also cause the "3R" (Resistance of disease, 
Resurgence of pests and Residue of pesticides) 
problem, make the ecological environment worse, 
and does great harm to the health of human beings. 

Human beings continuously explore the new 
ways of the prevention and control of harmful 
organisms to forbid biological disasters and 
maintain ecological balance [29]. Tshernyshev [30] 
put forward the Ecological Pest Management 
(referred to as EPM), emphasizing to maintain 
long-term stability of the system and improve the 
self-adjustment ability of system. Zhang Zongbing 
[31] discussed the concept and key points of 
comprehensive treatment of pests and put forward 
the tolerant philosophy and treating strategy of 
comprehensive treatment. According to the specific 
situation of Chinese green land types, taking the 
following ecological treatment measures can 
furthest ensure the stable and healthy development 
of the green land ecological system of urban 
landscape. 

 
Biological prevention and treatment. The 

technology of biological prevention and treatment 
refers to use biological means to intervene harmful 
urban organisms to achieve the purpose of the 
prevention and treatment of pest. It is widely used 
in the prevention and treatment of forest harmful 
organisms [32]. Its advantages are that it generally 
does not harm to people, livestock and plants, has 
great selectivity, does not pollute the air, water and 
soil, and will not produce resistance. There are 
some key points about biological prevention and 
treatment. Firstly, the protection and utilization of 
natural enemies are important. At the same time, do 
not use pesticides that have strong lethality on 
natural enemies to make natural enemy population 
successfully survive and thrive. Secondly, making 
full use of biological pesticides is necessary. 
Biological pesticides include microbial pesticides 
(such as Bacillus thuringiensis, Jinggangmycin and 
etc), botanical pesticides (such as pyrethrum 
pyrethrins) and animal pesticides (such as insect 
attractants). Compared with chemical pesticides, 
these biological pesticides have the advantages of 
no residue, no pollution and no environmental 
pollution. Meanwhile, they have single-minded 
effects on relative pest species (called target). 

The technology of biological prevention and 
treatment also has some defects. Biological 
prevention and treatment in China is mostly 
confined to prevent and treat harmful organisms 
through releasing their natural enemies and the 
release of lots of natural enemies is harmful to 
system stability. In addition, due to the slow effect, 
the high technical requirements, and the great 
restrict from the environmental conditions, this 
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method cannot achieve the goal to quickly lower 
the number of harmful organisms in high density 
environment. Therefore, in order to obtain the best 
effects, it should cooperate with other methods in 
most cases in the process of the prevention and 
treatment of harmful organisms. 

 
Physical mechanical prevention and 

treatment. This technology prevents and treats 
pests by applying simple instruments or physical 
factors (light, heat, electricity, wind or radiation, 
and etc) according to special habits and tropism of 
pests. For example, ticks can be prevented by the 
smell of garlic, many moths, mayflies and 
leafhopper that have phototaxis can be trapped and 
killed by using black light lamp, lots of adult 
Coleoptera with the characteristic of feign death 
can be perished by manual work, and the cutworm 
with chemotaxis can be trapped and eliminated by 
sweet and sour liquid [33]. The plants diseases can 
be prevented and treated through making use of 
various physical factors, including thermal 
treatment, mechanical treatment, radiation 
treatment and surgery. For instance, the use of 
thermal treatment to seeds, seedlings, scion and soil 
can eliminate some pathogens, and the use of 
surgery can scrape the stem disease spot to prevent 
and treat plant trunk diseases. Physical mechanical 
prevention and treatment is most simple, economic, 
efficient and pollution-free compared with other 
various methods in the prevention and treatment of 
garden pests. 

 
Chemical prevention and treatment. 

Although chemical prevention and treatment brings 
a series of negative effects, it is still an 
irreplaceable preventing and treating method of 
harmful organisms under special circumstances [34]. 
In particular, when the sudden or eruptive 
diseases occur, chemical prevention and treatment 
is still an emergency measure. Scientific and 
reasonable application of chemical pesticides can 
timely and effectively control the pests and diseases. 
Such as the reasonable mixed or rotational 
application of pesticides not only can improve the 
effect of prevention and treatment but also can 
avoid or delay the pest  resistance to pesticides. 
The application of specific and highly selective 
pesticides can reduce the damage to natural 
enemies. It can reduce the environmental pollution 
that strictly controlling the use of pesticides types, 
applying low toxicity, high efficiency and low 
residue pesticides, and using scientific and proper 
methods of pesticides application [35]. 

 
Cultivated prevention and treatment. It is 

the precondition of guaranteeing the healthy growth 
of urban greening plants and improving resistance 

that basing on the respect to self-adjustment of 
ecological system in each link of design, planting, 
construction and maintenance, following the 
principles of biological symbiosis, biological 
circulation and biological competition, 
implementing the reasonable collocation of arbor, 
bush, vines, flowers and grass, and forming the 
multi-level plants communities with various species, 
multilayer, mutual promotion and coexistence. In 
addition, the choice of the tree species should be 
based on the distribution regulation of the 
vegetation and put emphases on native tree species 
to make trees plant in suitable place [36]. It is an 
extremely effective strategy that controlling 
technology after harvest, cooperating with other 
methods and improving plants vigor through the 
selection of species and the adjustment of planting 
period, planting density, reasonable fertilization, as 
well as irrigation and drainage. At the same time, 
the mixed planting of the plants that pests are 

disease should be avoided. 
 
Legal prevention and treatment. Legal 

prevention and treatment refers to adopt measures 
to forbid and restrain the transport of those greening 
plants and plants products that are infected with 
particular harmful organisms to prevent the 
man-made spread of these harmful organisms and 
ensure the ecological security of urban green land 
through the establishment of specialized agencies 
and the legal, administrative and technical means 
according to laws and rules. Its characteristic is to 
prevent the introduction, settling and expansion of 
harmful organisms from the macro overall, 
especially in the area where harmful organisms are 
not distributed. With the expansion of the urban 
construction and the interregional trade, the 
transport and exchange of seedlings is more 
frequent, which provides more favorable conditions 
for the spreading of diseases and pests in green land 
[37]. The establishment and improvement of the 
quarantining access rule of garden plants that all 
seedlings must be examined and only these 
seedlings that have quarantining certificate can be 
transported is the effective way to truncate alien 
invasive pest  propagation. 

 
 

THE MANAGEMENT MEASURES OF 
BIOLOGICAL RISK IN GREEN LAND 

 
Emphasizing the early detection of harmful 

organisms. Strengthening the monitoring forecast 
can provide accurate decision-making basis for 
prevention and treatment of harmful organisms in 
urban green land. The monitoring forecast is the 
precondition of performing control work of harmful 
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organisms. Carrying out the national survey of pest 
epidemic in green land and performing the aerial 
surveillance in those provinces with relative 
conditions can provide experience for large area 
and regular application. Regularly monitoring 
harmful organisms in urban green land and 
publishing predicting information are also 
necessary [38]. 

 
Strengthening the work of quarantining 

and anti-disaster. The quarantining work of 
preventing the input and export of harmful 
organisms is an important link to controlling the 
invasion of harmful organisms into urban green 
land [39]. Plant quarantining has positive effect on 
preventing the invasion of harmful species. Some 
data show that there were 46 ships where darnel, 
fake sorghum seed, as well as other grass seeds that 
have about 30 families, 100 genera and 200 species 
were seized in 349 ships imported from Shanghai 
port from 1986 to 1990 [40]. The introduction of 
alien species for landscaping must undergo strict 
quarantining to prevent the spreading of dangerous 
diseases, insects and weeds. In addition, these sites, 
including the seedling and flower production base, 
the sales and processing establishments of timber, 
public green land, green land of residential area, 
station, wharf, port and other places, must carrying 
out quarantining enforcement. At the same time, 
quarantining and treating dangerous harmful 
organisms and controlling the introduction and 
expansion of dangerous harmful organisms in green 
land are also significant. 

 
Emphasizing the kinds of diseases and pests 

which have caused serious harm in foreign. 
Chinese government must pay high attention to the 
kinds of diseases and pests which have already 
caused serious harm in foreign at present and 
should take measures to prevent the spread to China. 
Such as the disease of Quercus sudden death that 
currently cause Oak Plants suddenly die in the 
United States. In China, the relevant departments 
should strengthen cooperation and formulate 
corresponding measures. At the same time, further 
strengthening exchange of the epidemic data of 
information with other countries can make 
government as soon as possible to understand what 
the kinds of pests and diseases these countries have. 
In addition, it is necessary to take measures in 
advance to prevent those harmful organisms that are 
likely to endanger the security of urban green land 
in China. 

 
Strengthening the management of biological 

products. Biological prevention and treatment with 
the advantages of not polluting environment and 
not damaging natural enemies and human is an 

important measure to control pests and diseases in 
urban green land in China. The major contents of 
biological control are that promoting the application 
of comprehensive prevention and control measures 
that are mainly based on no-polluted treatment, 
using biological and microbiological pesticides, 
fully protecting and utilizing natural resources, and 
vigorously promoting the technology of insect 
pheromone to improve the effect of biological 
prevention and treatment. Nowadays, many 
countries, such as Russia, Canada, the United States, 
Japan, Finland and Australia, are actively carrying 
out the research of biological control and the 
production and application of biological insecticide. 
At present, insect virus, bassiana, Bt and natural 
enemies are large used in the prevention and 
treatment of pests and diseases in the urban green 
land in China. Besides Bt, the majority do not have 
registration certificate. Therefore, producing these 
biological products with mature technology that are 
widely used and formulating the technical standards 
of these products are urgent. Meanwhile, the 
registration of products and formulating the strict 
input management procedure of natural enemies are 
necessary. 

 
Strengthening the selection and 

maintenance of plant varieties. The construction 
of urban green land should be based on the 
principle of protecting biological diversity and 
strengthen the breeding of resistant plant varieties 
to adapt to the urban ecological environment. The 
drought resistance, barren resistance, less water 
consumption, pollution resistance, frost resistance, 
disease and insect resistance, and extensive 
management resistance should be the primary 
standards of the selection of the tree species. The 
optional introduction of species is inadvisable and 
planting native garden trees is most suitable. Chen 
Bo [41] concluded that the blind introduction of 
species can not only achieve the desired effect of 
greening, but also cause huge economic losses. 
Take Kudzu (Argyreia seguinii (Levl.) Van. Ex Levl) 
as an example [42], the United States introduced it 
from Japan (Japan introduced it from China) in 
1930. After 1950s, due to the crazy growth of 
Kudzu, local animals and plants were perished, 
resulting in a public nuisance. Therefore, the exotic 
species introduced for urban greening must undergo 
strict ecological risk assessment to basically ensure 
no ecological and economic loss [43]. Meanwhile, 
strengthening the maintaining management of 
garden plants and creating the environmental 
conditions that are conducive to the normal growth 
of plants and the breeding of natural enemies and 
are harmful to the production of pest and disaster 
can effectively control the plant diseases and pests. 
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CONCLUSION 

 
With the acceleration of global economic 

integration, urban construction has entered the 
sustainable development period in China. What 
reveal the coming of profound reform of Chinese 
overall development is that  
plan put forward five developing ideas, called 
"innovation, harmony, greening, opening and 

The ecological environmental protection 
already ascended to an unprecedented height in 
China especially government added the green 
development concept into plan for the first time. 
The biological risk analysis and management to 
green land in China make significantly practical 
sense of the sustainable development of Chinese 
urban ecological health. Meanwhile, the biological 
risk analysis and management to green land in 
China are the urgent needs to curb the situation that 
urban green land pest seriously occur, the inevitable 
choices to maintain public safety and construct 
ecological civilization, and the strategic measures 
to safeguard national interests and promote 
economic development. 
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ABSTRACT 
 

This study was conducted between 2013 and 
2014 to determine the effect of sulphur fertilization 
on boron toxicity in cotton. Two sulphur doses (0-1 
tha-1) as main plots and four boron doses (0, 2.5 
ppm, 5 ppm and15 ppm) as subplots were arranged 
in randomized complete split block design. 
According to the results, despite lack of phytotoxic 
symptoms of B, 5 mg B kg-1, B treatment showed 
significant effects on seed cotton yield, gin turnout, 
fiber maturity, and fiber elongation. However, the 
influence of B was uneven and inconsistent 
between years and among B dosages. Therefore, it 
could be concluded that higher doses of B 
applications should be avoided for higher lint yield 
and fiber qualities. In terms of S application, the 
amount of S dose employed in this study 
significantly decreased seed cotton yield and gin 
turnout; however, it had no effect on other lint 
quality parameters. This result may be of particular 
importance to the cotton growing soils with higher 
pH, which is required in applying higher doses of 
sulphur for optimum yields.  
 
 
KEYWORDS: 
Cotton; sulphur; boron toxicity; fiber quality properties 
 
 
INTRODUCTION 

 
Boron is an essential micro nutrient during 

cultivation of cotton [1].  Boron (B) toxicity may be 
observable in plants cultivated in semi-arid and arid 
regions. The other sources of excessive B are flying 
ash, mining wastes, irrigation water, and industrial 
chemicals [2].  Additionally, plants cultivated in 
saline soils which lack drainage bring about 
phytotoxicity of B [3]. Excessive B may lead to 
disruption of cell walls or to plant metabolism 
binding to ribose moieties of molecules such as 
nicotinamide adenine dinucleotide (NAD) and 
nicotinamide adenine dinucleotide phosphate 
(NADP), which take part in the electron transport 
system in photosynthesis. Moreover, the fact that B 
binds to free ribose sugar or ribose sugar in RNA 

may cause harm to cell development and division 
[4].  

The B toxicity symptoms in cotton first appear 
on older leaves as yellowing and chlorosis patches, 
and in the progressive stage of the toxicity the 
chlorosis turns into necrotic areas among veins, 
margins, and tips of leaves [5, 6]. The phytotoxic 
effects of excessive B in cotton appears at the 
concentration of 5 mg B kg-1 in soil [5]. Cotton 
responds better to B fertilizers applied to the soil 
compared with those applied to the foliage, since 
mobility of B in phloem is low [7]. The soil 
properties also may affect the phytotoxicity of B in 
soils with high pH and high calcareous content [8].  

The sulphur (S) requirement of plants is 
similar to phosphorous [9]. S is an important 
element of molecules such as RNA, DNA, amino 
acids, proteins, sulfolipids, flavonoids, lipids, 
glucosinolates, polysaccharides, and nucleotides. In 
addition, it is an essential nutrient used in 
sustaining hormonal activities [10].  Furthermore, 
the fact is that S has an important role on the 
mobility of photosynthesis products from source to 
sink organs, and on carbohydrate metabolism it 
increases boll weight by increasing the amino acid 
content of bolls and by decreasing boll shedding 
[11]. Sulphur application in cotton, either as 
pesticide or fertilizer, improves cotton lint yield and 
fiber qualities [11-15]. S can be applied prior to 
planting; however, applications from pre-plant to 
the onset of first square did not make any difference 
on lint yields [16]. The best seed cotton yields were 
obtained at 30 kg S and gypsum ha-1 applied before 
planting [11]. There are few studies about 
interaction of S and B in several plants. However, 
to the best of our knowledge, interaction of boron 
with Sulphur in cotton was not reported by any 
authors. Therefore, the objective of this study is to 
investigate cotton yield and fiber quality properties 
when these nutrients are applied together. 
 

 
MATERIALS AND METHODS 

 
Soil Sampling and Analyses. The experiment 

was carried out at the experimental field of the 
Faculty of Agriculture, Dicle University,  
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TABLE 1 
Physio-chemical properties of experimental field. 

 

Characteristic  Value Remarks 

Textural class -- Clay 
pH  7.68 Moderately alkaline 
EC (mScm-1) 0.66 Non saline 
CaCO3 (%) 11.70 Moderately calcareous 
Organic Matter (%) 0.97 Low 
P (mg kg-1)-(olsen) 5.18 Low 
K (mg kg-1) - (NH4-OAcekst.) 723.67 Medium 
Ca (mg kg-1) - (NH4-OAcekst.) 18517.67 High 
Mg (mg kg-1) - (NH4-OAcekst.) 1173.67 High 
Na (mg kg-1) - (NH4-OAcekst.) 423 Medium 
Fe (mg kg-1) - (DTPAekst.) 1.21 Low 
Mn (mg kg-1) - (DTPAekst.) 2.74 Medium 
Zn (mg kg-1) - (DTPAekst.) 0.78 Medium 
Cu (mg kg-1) - (DTPAekst.) 1.30 High 

SO4-S (mg kg-1) 4.89 Medium 

Bor (mg kg-1) 0.58 Low 
 
 
Diyarbakir, Turkey between 2013 and 2014. 

Composite soil samples were taken at 0-30 cm from 
the field at different locations in October, 2013. The 
soil samples were analyzed as described by Ryan et 
al. [17]. The SO4-S analysis was made as described 
Fox et al. [18], while soil boron content was 
established by hot water method of Dible et al. [19], 
which is a modified method of Berger and Troug 
[20]. The soil characteristics of the experiment field 
were presented in Table 1. 

 
Experimental Design and Growth 

Conditions. Sulphur and boron doses were applied 
as treatments arranged in split block design with 
four replications. Main plots were treated with two 
doses of elemental S (0-1 t S ha-1) whereas subplots 
were applied with four boron levels (0, 2.5, 5 and 
15 B ppm) as disodium octaborate tetrahydrate 
(Na2B8O13·4H2O, 20.9 % B). S applications were 
broadcast and incorporated prior to planting with 
basal fertilizer as 20-20-0 compound fertilizer (0.35 
t ha-1). B doses were solved in sufficient water and 
sprayed on the soil before sowing. After the 
application of B, the B doses were mechanically 
incorporated into the soil. The incomplete nitrogen 
was completed using ammonium nitrate (33%) as 
0.30 t ha-1prior to the first irrigation.  Furrow 
irrigation was adopted as an irrigation method, and 
this irrigation was applied when needed.  Plots were 
formed 10 m long and 5.6 m wide consisting of 8 
rows with 70 cm spacing. Over-seeded plots were 
thinned to one plant with 20 cm of spacing. 
Stonevielle 468 (ST 468) was used as the variety of 
seed cotton. The standard plant protection 
management practices were used together with 

agronomic practices employed for the crop 
cultivation.  

 
Cotton Lint Analyses. At maturity, two 

middle rows falling into area which is the outer 
rows of each plot with one meter away from each 

cotton yields were calculated. The seed cotton 
yields were ginned in a rollergin and the gin turnout 
was calculated. Lint quality properties; fiber 
fineness(mic), fiber length (mm), uniformity index 
(%), fiber strength (g/tex), maturity (%), elongation 
(%) and short fiber (%) were measured by HVI 
(High Volume Instrument).  

 
Statistical Analysis. Analysis of variance 

(ANOVA) was used to analyze the experimental 
data in Jump software. The means were compared 
by test of significance, LSD [21]. 
 
 
RESULTS AND DISCUSSION  

 
The seed cotton yield showed inconsistences 

in 2013 and 2014 in terms of B applications (Table 
2). The yield significantly differed in 2013 
(P<0.01). The highest yield was obtained at 2.5 
ppm. Similarly, significant differences were 
observed in gin turnout (GT) during both years 
depending on B treatments. The highest GT values 
were observed from no B application in 2013 and 
2014. Our results showed no phytotoxic effect of B 
observed in cotton at 5 and 15 ppm. Contrary to our 
findings, Ahmed et al. [22] reported that the highest 
dry matter yield obtained by application of 3 kg B. 
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TABLE 2 
The effect of B and S applications on seed cotton yield, gin turnout, fiber fineness, fiber length and 

uniformity index by mean values 
 

 Seed cotton yield 
(kg ha-1 ) 

Gin turnout  
(%) 

Fiber 
fineness 
(mic.) 

Fiber length  
(mm) 

Uniformity 
Index 
 (%) 

Applications/Years 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 
B1 (0 ppm) 3855ab 3918.9 43.72a 43.94a 4.80 4.93 27.95 28.43 80.85 81.34 
B2 (2.5 ppm) 4007.5a 3902 43.13a 43.75a 4.68 4.74 27.69 28.12 80.09 80.55 
B3 (5 ppm) 3790b 3799.5 39.00b 38.63b 4.53 4.74 27.94 28.36 80.63 81.50 
B4 (15 ppm) 3556.3c 3988.9 36.97c 38.56b 4.80 4.88 27.72 28.24 81.33 81.21 
LSD 19.45** - 1.04** 1.54** - - - - - - 
S1 (1000 kg ha-1) 3676.9b 3750.6b 38.13b 38.92b 4.73 4.85 27.62 28.02b 80.94 81.11 

S2 (0 kg ha-1) 3927.5a 4054.1a 43.28a 43.52a 4.67 4.79 28.03 28.56a 80.50 81.19 
LSD 13.75** 28.96* 0.74** 1.09** - - - - - - 
General Means 3802.2 3902.3 40.71 41.22 4.70 4.82 27.83 28.29 80.72 81.15 

Mean values with different letters in each column represent significant difference at the ** P < 0.01 and *P < 
0.05 level based on LSD test. 
 

TABLE 3 
The effect of B and S applications on fiber strength, fiber maturity, fiber elongation and short fiber 

content by mean values 
 

Mean values with different letters in each column represent significant difference at the ** P < 0.01 and *P < 
0.05 level based on LSD test. 

 
ha-1 (as Borax 10.8 % B) and application of 5 mg B 
kg-1or higher B doses in soil causes B toxicity 
symptoms in cotton.  

The effect of B treatments on fiber maturity 
and on fiber elongation significantly differed in 
2013 (Table 3). According to the results, increasing 
doses of B decreased fiber maturity and fiber 
elongation. The highest values were obtained at 0 
ppm level as 0.888 % and 6.24 % for fiber maturity 
and for fiber elongation, respectively. The effect of 
B levels on the other parameters such as fiber 
fineness, fiber length, etc., was found insignificant 
S application significantly decreased seed cotton 
yield in 2013 and 2014. The highest seed cotton 
yields were obtained from the plots without S (0 kg 
ha-1) in both years. Our results cannot be compared 
to results of previous studies, since applied S doses 
in this study were different. However, Mullins [16] 
suggested that higher seed cotton yield was 

obtained in the result of 224 kg S ha-1 in coastal 

that 30 kg S ha-1 application increased number of 
sympodial branches and boll weight and, therefore, 
seed cotton yield increased. Correspondingly, 
Makhdum et al. [23] and Mamatha [26] also 
suggested that the highest seed cotton yield in 
sandy soils was obtained with application of 50 kg 
S ha-1. Yin et al. [15] reported that from 8 to 9 % of 
lint yield increase could be obtained by the 
application of 22 or 34 kg S ha-1.  

With regard to gin turnout, S application 
significantly decreased gin turnout in both years 
(P<0.01). Our result did not support that of Gobi 
and Vaiyapuri (2012), who showed that the 
application of 45 kg S + 10 kg Zn + 1.0 kg B ha-1 
increased gin turnout. Contrary to this, Yin et al. 

that sulphur applications (as elemental or gypsum) 

 
Fiber Strength 

 (g/tex) 
Fiber maturity  

 (%) 
Fiber elongation 

(%) 
Short fiber content 

 (%) 
Applications/Years 2013 2014 2013 2014 2013 2014 2013 2014 
B1 (0 ppm) 33.49 32.90 0.888a 0.879 6.24a 6.41 8.01 8.45 
B2 (2.5 ppm) 33.01 33.35 0.869b 0.876 6.03b 6.01 8.69 8.98 
B3 (5 ppm) 33.74 34.15 0.874b 0.876 5.94b 5.91 8.11 8.46 
B4 (15 ppm) 33.29 32.75 0.873b 0.878 5.89b 6.08 8.13 8.36 
LSD - - 0.010** - 0.18** - - - 

S1 (1000 kg ha-1) 33.36 33.22 0.875 0.878 5.99 6.13 8.36 8.76 

S2 (0 kg ha-1) 33.41 33.36 0.876 0.876 6.06 6.08 8.11 8.36 
LSD - - - - - - - - 

General Means 33.38 33.29 0.877 0.877 6.03 6.10 8.24 8.56 
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did not change lint quality parameters. Davis [13] 
also reported that sulphur dioxide fumigation of 
cotton did not affect GT. The differences among the 
results can be explained by differences among S 
doses, along with soil properties. 

 
 
CONCLUSIONS 
 

In this study, phytotoxic effects of B 
treatments were not observed in plots with or 
without S. This result may be explained by soil 
properties of the experimental area. Despite lack of 
phytotoxic symptoms of B, 5 mg B kg-1, B 
treatments showed significant effects on seed cotton 
yield, gin turnout, fiber maturity, and fiber 
elongation. However, the influence of B was 
uneven and inconsistent between years and among 
B dosages. Based on these results, it could be 
concluded that higher doses of B applications 
should be avoided for higher lint yield and fiber 
qualities. In terms of S application, the amount of S 
dose employed in this study significantly decreased 
seed cotton yield and gin turnout; however, it had 
no effect on other lint quality parameters. This 
result may be of particular importance to cotton 
growing soils with higher pH, which is required in 
applying higher doses of sulphur for optimum 
yields. 
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ABSTRACT 

Within an orchard, in Taihu Lake Basin, China, 
which contained 12-year-old late-maturing peach 

2012 2014, 
different fertilizer application rates and management 
practices were applied. The effects of these 
treatments on soil phosphorus loss due to surface 
runoff, and peach fruit yield and quality, in the 
typical peach orchard, were investigated. In T1 
(conventional fertilization practice), total 
phosphorus (TP) losses due to surface runoff were 
1.88 and 1.80 kg·hm 2, for 2012 2013 and 2013
2014, respectively; these mainly occurred from the 
peach fruit setting stage to the peach fruit ripening 
stage. Compared with T1, T2 (reducing fertilization 
practice to 70% of conventional) significantly 
reduced the quantity of TP losses, but TP loss 
coefficients significantly increased by 8.01% and 
9.64%. Inter-planting white clover (Trifolium repens 
L.) (T3), not only significantly reduced the TP losses, 
but also TP loss coefficients by surface runoff (by 
23.95% and 29.87%, respectively). And, the peach 
fruit yield, individual fruit weight, the contents of 
soluble solids and vitamin C, appeared higher in T3 
than T1, but the differences were not significant. 
Furthermore, T3 fruit had significantly higher 
reduced sugar content and ratios of soluble solids to 
titratable acid (9.14% and 7.31%, respectively). 

 
 

KEYWORDS:  
peach orchard; phosphorus; Trifolium repens L.; Surface 
runoff; peach fruit yield; peach fruit quality 

 
 

INTRODUCTION 

Phosphorus (P) is an essential macro-element 
for crop production; it plays an important role in 
plant physiological and metabolic processes, such as 
energy metabolism, the synthesis and decomposition 

of organic compounds, and signal transduction, 
among others [1]. However, the amount of 
phosphorus input into agricultural fields is generally 
higher than the carrying capacity of the crops 
produced, which results in a surplus of phosphorus 
in the farmland ecosystems, leading to a phosphorus-
rich soil tillage layer [2-3]. There is an increased risk 
of soil phosphorus loss from this tillage layer, 
resulting in agricultural phosphorus emissions; these 
can become one of the most important non-point 
pollution sources of phosphorus, and cause water 
eutrophication, for which phosphorus is often the 
main limiting factor [4-6]. The contribution of 
agricultural non-point pollution sources to 
phosphorus present in the waters of Taihu Lake 
Basin, China, was estimated to be approximately 
15.1% and the rate of phosphorus loss from 
farmlands in the region was approximately 19.2% 
[7]. 

In recent years, a lot of research has focused on 
reducing the loss of soil nutrients and potential 
technology to control agricultural non-point source 
pollution. Retain Reuse  
technology system (4R theroy) was applied to 
control the agricultural non-point pollution in 
countryside at Longyan village, in the watersheds of 
Zhihugang river, a tributary of Taihu Lake, China [8-
9]. Optimum water and soil conservation measures 
have been defined to control agricultural non-point 
source pollution in European and American 
countries [10]. Currently, the most widely used 
control technologies include the reduction of 
chemical fertilizer applications [11], balanced 
fertilization [12], a return to the application of crop 
straw [13], and the application of new types of 
fertilizers [14], among others. Previous studies 
suggest that balanced fertilization and the 
application of wheat straw can significantly reduce 
the total phosphorus losses due to surface runoff by 
52% 61% and 65% 83%, respectively, from the 
slopes of maize crops with purple soil, in center of 
Sichuan Basin, China [12-13]. In addition, the 
soluble phosphorus concentrations in surface runoff 
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decreased by 7.1% 94.1% under the controlled 
application of fertilizers in peanut farmland on 
sloping fields [14].  

Water-saving irrigation [15] and the application 
of soil amendments [16-17] were also found 
effective at controlling agricultural non-point source 
pollution. Qiao et al. [15] found that water-saving 
irrigation measures and controlled drainage 
significantly reduced soil nitrogen and phosphorus 
losses and increase the nutrients utilization 
efficiency in a paddy field. The application of soil 
amendments (aluminum hydroxide, limestone, 
gypsum, fly ash and calcium chloride, among others) 
significantly reduced available phosphorus and 
water soluble phosphorus concentrations in the soil, 
and the concentrations of total phosphorus and 
dissolved phosphorus in surface runoff, by 13.68%
45.02% and 16.05% 55.38%, respectively, in a 
phosphorus rich vegetable field [17]. 

With the development of the economy and 
society, cropping systems in China have changed and 
the planting area of fruit trees has gradually 
expanded. China is one of the largest peach 
production countries in the world. In 2012, it was 
estimated that the annual peach and nectarine 
cultivation area was 7.72 × 105 hm2 and accounted 
for 51.48% of the worldwide cultivation area [18]. 
The annual peach and nectarine yield was estimated 
at 1.2 × 107 t in China, accounting for 57.05% of 
worldwide production [18]. Currently, excessive 
nutrient (nitrogen and phosphorus) inputs are 
universal in peach production, which might result in 
peach gummosis and the symptoms of weakening 
and aging of tree vitality [19-20]. Kong et al. [21] 
reported that, during 2006, phosphorus (P2O5) inputs 
reached 420.6 kg·hm 2 in a peach orchard in Pinggu 
district, Beijing, China. The highest phosphorus 
inputs reported, of up to 1240.32 kg·hm 2, were in 
mountainous areas in mid-Shandong province (the 
main peach production regions in China) [22]. In 
fact, phosphorus inputs in these regions were much 
higher than the optimal phosphorus inputs for peach 
orchards (20 100 kg P2O5·hm 2) [23-24].  

The high phosphorus inputs have ultimately 
resulted in widespread phosphorus surpluses, 
causing an increased risk of soil phosphorus losses 
directly into surrounding waters, by surface runoff 
[25]. According to some studies, the contribution 
rates of phosphorus emissions, caused by the large 
increase in production of economic crops (fruit trees 
and vegetables) in southern Jiangsu, within the Taihu 
Lake Basin, was about 60% [26-27]. Therefore, it is 
important to systematically study the characteristics 
of soil phosphorus losses by surface runoff and 
potential technologies to control runoff in the region. 

Ground cover vegetation is an orchard 

management pattern in which annual or perennial 
herbaceous plants are used as covering vegetation on 
the ground surface of orchards; it has been 
implemented in orchards across Europe, America, 
and Japan, and has ecological and economic benefits 
[28]. Recent studies have demonstrated that ground 
cover vegetation enhances soil fertility and improves 
soil structure [29-30], increases the number of soil 
microbes [31], improves the diversity and stability of 
the biological communities [29, 32], increases fruit 
yield, and improves fruit quality [33]. However, due 
to the potential long-term need for weeding, orchard 
management using ground cover vegetation has not 
been adopted widely, and, to date, it has been applied 
in <20% of the total fruit tree planting area in China 
[34].  

Nevertheless, ground cover vegetation has been 
gradually applied as a possible approach to control 
agricultural non-point source pollution in China. 
Zhang et al. [35] reported that annual phosphorus 
losses due to surface runoff reached 2 
under conventional orchard management from a pear 
orchard in a dense river network plain of Zhejiang 
province, China. Planting ryegrass in the pear 
orchard significantly reduced the phosphorus losses, 
by 38.66% [35]. Yu et al. [36] also found that 
covering the ground with ryegrass, Chinese milk 
vetch, and spring vetch in a mountainous peach 
orchard significantly reduced phosphorus losses due 
to surface runoff, by 58.5%, 55.6%, and 30.1%, 
respectively. Further, ground cover with a grass 
treatment effectively reduced phosphorus 
concentrations in the surface runoff from a peach 
orchard in Zhushan bay, in the Taihu Lake watershed 
[37]. However, to date, limited information is 
available regarding the effects of inter-planting white 
clover (Trifolium repens L.) on peach fruit yield, fruit 
quality, and phosphorus losses due to surface runoff, 
in peach orchards around the Taihu Lake Basin, 
China. 

In the present study, we conducted a two-year 
field plot experiment (2012 2014) on a typical peach 
orchard in Taihu Lake Basin, under natural rainfall 
conditions. The specific objectives of this study were 
to: (1) systematically investigate the annual inputs of 
phosphorus, nitrogen, and potassium in the peach 
orchard, under conventional fertilization practices 
and peach orchard management; and (2) determine 
the effects of using different fertilizer application 
rates and peach orchard management treatments 
(conventional fertilization practice versus: reducing 
fertilization application rates and inter-planting with 
white clover) on soil phosphorus losses due to 
surface runoff, and peach fruit yield and quality. The 
results of this study provide a scientific basis and  
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TABLE 1 
The physical and chemical properties of the yellow soil in the peach orchard 

Soil layers 

(cm) 

pH 

(H2O, 

1:5) 

Organic 

matter 

(g·kg 1) 

Total 

nitrogen 

(g·kg 1) 

Total 

phosphorus 

(g·kg 1) 

Available 

nitrogen 

(mg·kg 1) 

Available 

phosphorus 

(mg·kg 1) 

Available 

potassium 

(mg·kg 1) 

0~10 4.44 36.78 2.96 0.35 151.95 121.78 739.27 

10~20 4.74 24.39 1.89 0.31 125.13 61.38 639.46 

 
 

TABLE 2 
Nutrient (nitrogen, phosphorus, and potassium) inputs applied to the peach orchard during the 

experiment (2012 2014) 

Experimental 

periods 

Experimental 

treatments^ 

Nitrogen (N, 

kg·hm 2) 

Phosphorus (P2O5, 

kg·hm 2) 

Potassium (K2O, 

kg·hm 2) 

2012 2013 

T1 838.65 290.70 357.90 

T2 589.05 203.85 264.30 

T3 838.65 290.70 357.90 

2013 2014 

T1 853.95 213.00 299.40 

T2 610.80 153.45 234.30 

T3 853.95 213.00 299.40 

 ^T1, conventional fertilization practice; T2, reduced fertilizer practice; and T3, inter-planting of white clover    
(Trifolium repens L.) 

 
 

technological support for the source control of 
agricultural non-point source pollution in Taihu Lake 
Basin, China. 

 
 

MATERIAL AND METHODS 

Site description. The experiment was 
conducted in Runyang village, Luoshe Town, 
Huishan District, Wuxi City, Jiangsu Province, 
China ( ) from October 2012 to 
October 2014. Peach trees are a major crop locally, 
grown using high fertilizer application rates. 
Runyang village has a subtropical marine climate 
with a strong seasonal cycle, in terms of temperature 
and precipitation. The majority of precipitation 
occurs from June to October. The average annual air 
temperature, sunshine hours, and frost-free days at 
the experimental site were 16°C, 2,000 h, and 230 d, 
respectively. And, annual precipitation levels were 
1,100 1,200 mm during the experimental period. 
The soils were classified as yellow soil, with a partial 
sandy texture. The physical and chemical properties 
of the yellow soil are shown in Table 1. The peach 
varieties grown in the orchard were late-season 

-year-old 
trees, arranged in 4 × 4 m grid spacing. 

Experimental design. The experimental 

design was a complete randomized block, with three 
replicates of three treatments that had different 
fertilizer application rates and peach orchard 
management measures: (T1) conventional 
fertilization practice, in which the standard amounts 
of organic and inorganic fertilizer used for local 
peach production were applied (Table 2); (T2) 
reducing fertilization practice, in which about 70% 
of the organic and inorganic fertilizers applied in T1 
were applied (micro-nutrient fertilizer application 
rates and peach orchard management measures were 
the same as T1); and (T3) inter-planting white clover 
(Trifolium repens L.), in which white clover 
(Trifolium repens L.), which was suitable for the 
local climate conditions, was inter-planted (the 
fertilization practices and other peach orchard 
management practices were the same as T1). In T3, 
the white clover seeds were broadcast sown, at a rate 
of 120 kg·hm 2 on 9 November 2012 and 5 
November 2013. 

From the start of the experiment (October 
2012), the annual nutrient (nitrogen, phosphorus, and 
potassium) inputs to the peach orchard (Table 2) 
were monitored, including the fertilizer variety, the 
amount of fertilizer applied, and the fertilization 
periods. The concentrations of nitrogen, phosphorus 
and potassium in the fertilizers (mainly organic 
fertilizers) applied in the peach orchard were 
measured before fertilization [38]. During the 
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experimental period, the fertilizers applied in the 
peach orchard were mainly urea (N, 46%), 
compound fertilizer (N, 15%; P2O5, 15%; K2O, 
15%), compound potassium fertilizer (N, 15%; P2O5, 
7%; K2O, 30%), calcium magnesium potassium 
fertilizer (K2O, 2.18%), organic and inorganic 
compound fertilizer (N, 14%; P2O5, 3%; K2O, 3%), 
rapeseed cake fertilizer (N, 5.6%; P2O5, 1.35%; K2O, 
1.1%), humic acid organic compound fertilizer (N, 

1; P2O5
1; K2

1), humic acid 
fertilizer (N, 10%; P2O5, 4%; K2O, 16%), and a 
mixture of human excrement and pigeon dung (N, 

1; P2O5
1; K2

1), 
among others. 

According to the layout of the peach orchard, 
each experimental plot consisted of a row of three 
trees (3 trees, about 48 m2) (Figure 1A). To prevent 
soil moisture and nutrient exchange between the 
experimental plots, they were separated by 20-cm 
wide soil ridges, covered by double layers of plastic 
film, buried into the soil to about 60 cm depth 
(Figure 1A). A diversion channel (about 30 cm 
width) on one side of the experimental plot collected 
surface runoff (via diversion ditches), which flowed 
into a surface runoff collector and storage tank (30 × 
30 × 20 cm; width × length × depth; stainless steel 
barrel; Figure 1B), installed at the end of each 
diversion channel. A diversion trough and diversion 
pipe (PVC pipe) was installed on either side of the 
surface runoff collector and storage tank. The surface 
runoff was discharged into a drainage ditch (which 
collected runoff from other experimental plots) and 
finally through a flow metering device system 
(Utility Model Patent, Patent No. 
ZL201520421554.9; consisted of foundation 
supports, a cofferdam, an intelligent water flow 
meter, stainless filter screen, and a cover plate; 
Figure 1C). The quantities of surface runoff were 
measured by the differences in the water flow meter 
dial readings before and after the intensive rainfall 
and surface runoff events. 

 
Sampling and analysis. Soil sampling. Before 

the experiment, soil samples at different soil layers 
(0 10 and 10 20 cm) were collected from the peach 
orchard; the sampling points were randomly selected 
at a distance of 100 120 cm from the peach tree 
trunks. The soil pH was measured with an in situ pH 
meter (PHS-3C, Dapu Scientific Instrument Co., 
Ltd., Shanghai, China) [39]. The organic matter 
content, total nitrogen, total phosphorus, available 
phosphorus, and available potassium were measured 
using the procedures described by Bao [38]. 

 
 

 
FIGURE 1 

The layout of experimental plots in the peach 
orchard (Panel A); the structure of the surface 
runoff collector (Panel B); and the structure of 
the flow metering device system (Panel C). Key: 
1, experimental plot; 2, ridges surrounding the 

experimental plot; 3, diversion channel; 4, 
diversion ditch; 5, surface runoff collector; 6, 
surface runoff collector and storage tank; 7, 
diversion trough; 8, diversion pipe; 9, cover 

plate of the surface runoff collector and storage 
tank; 10, drainage ditch; and 11, the flow 

metering device (including: 12, its foundation 
supports; 13, a cofferdam; 14, cofferdam side 
wall; 15, cofferdam front wall; 16, intelligent 

water flow meter; 17, stainless filter screen; and 
18, cover plate) 

 
 
Surface runoff. The amount of rainfall from 

each natural rainfall event was recorded. Surface 
runoff samples were collected in 100 mL 
polyethylene sampling bottles for chemical analysis. 
The samples were frozen on collection and then 
analyzed for total phosphorus (TP), according to 
standard methods (National Environmental Bureau, 
1996); unfiltered samples were digested and 
analyzed with an automatic continuous flow 
injection analyzer (SKALAR San++, Breda, the 
Netherland). 

 
Peach fruit yield and the main peach fruit 

quality parameters. The peaches produced were 
individually harvested; all the fruit produced in each 
experimental unit were weighed and their number 
recorded. The average weight of the peaches was 
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determined for each experimental unit. A subsample 
of 15 representative fruit per experimental unit was 
processed in the laboratory for the following quality 
parameters: total soluble solids content, reduced 
sugar content, titratable acid content, vitamin C 
content, and the ratio of soluble solids to titratable 
acid. Total soluble solids content of the peach fruit 
juices in (°Brix) was assessed using a digital hand 
refractometer (PAL-1, ATAGO Co. Ltd., Tokyo, 

1 FW) and 
reduced sugar content (%) were measured according 
to Li [40], using a 2,6-dichloroindophenol titration 
and 3,5- dinitrosalicylic acid, respectively. The 
titratable acid content (%) was determined according 
to Gao [41], using the sodium hydroxide titration 
method. The ratio of soluble solids to titratable acid 
was calculated from their respective measurements, 
as a measure of the peach fruit maturity index. The 
TP content of the peach fruit was also analyzed; the 
fruit were cut into slices, dried to a constant weight 
and then digested with H2SO4-H2O2. The 
concentration of TP in the digestate was determined 
using an automatic continuous flow injection 
analyzer (SKALAR San++, Breda, the Netherland). 

 
Statistical analyzes. The quantity of TP loss by 

surface runoff during the peach fruit growth period 
was calculated as follows: 

3

1

10i

n

i
i

C VQ  

, where Q is the quantity of TP loss by surface 
runoff subjected to different fertilizer application 
rates and peach orchard management measures 
during the peach fruit growth period (T1 T3, kg·hm-

2); Ci is the average TP concentration of surface 
runoff water in each runoff event (mg·L-1); Vi is the 
volume of surface runoff water in each runoff event 
(m3·hm-2). 

The surface runoff coefficient of phosphorus 
(%) was calculated as follows: 

100%i
P

Q
P

Q
 

, where Pi is the surface runoff coefficient of 
phosphorus (%); Q is the quantity of TP loss by 
surface runoff subjected to different fertilizer 
application rates and peach orchard management 
measures during the peach fruit growth period (T1
T3, kg·hm-2); Qp is the quantity of phosphorus 
fertiliser application under different fertilizer 
application rates and peach orchard management 
measures during the peach fruit growth period (T1
T3, kg·hm-2). 

Results are presented as mean ± standard error 
(S.E.), of at least three replicates. Statistical analyses 

were performed using SPSS 13.0 and Excel 2010 for 
Windows. Means were tested by least significant 
difference, where P < 0.05 was considered 
significant (LSD 0.05). 
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FIGURE 2 
Surface runoff from the peach orchard (Panel 

A); and correlation between surface runoff and 
rainfall levels (Panel B) 

 
 

RESULTS 

Surface runoff and rainfall levels. Rainfall is 
the main driver of surface runoff and high levels of 
surface runoff are one of the most important causes 
of high soil nutrient losses in farmlands. During the 
first year of monitoring (2012 2013), there were 11 
surface runoff events during the peach fruit growth 
period, which corresponded to the 11 rainfall events, 
with rainfall levels of 45.3, 42.9, 36.5, 36.0, 97.2, 
38.2, 70.4, 69.3, 56.7, 68.0, and 163.3 mm, 
respectively. The volumes of surface runoff from 
these events were 65.55, 61.05, 45.00, 50.10, 662.40, 
52.20, 434.40, 363.30, 297.30, 381.45, and 1120.35 
m3 hm 2 (Figure 2A). The total volume of surface 
runoff was 3533.10 m3 hm 2 during the first year of 
monitoring (2012 2013). 

During the second year of monitoring (2013
2014), there were 14 surface runoff events during the 
peach fruit growth period, which corresponded to the 
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14 rainfall events, with rainfall levels of 69.2, 46.6, 
40.2, 29.5, 65.2, 49.2, 87.4, 45.3, 71.9, 72.5, 41.5, 
108.5, 74.6, and 97.1 mm, respectively. The 
corresponding volumes of surface runoff were 
304.65, 102.45, 88.35, 64.80, 361.95, 216.90, 
644.10, 147.75, 413.85, 495.00, 139.80, 855.15, 
433.50, and 579.30 m3 hm 2 (Figure 2A). The total 
volume of surface runoff was 4847.55 m3 hm 2 
during the second year of monitoring (2013 2014).  

The correlation analysis shows that there was a 
significant positive linear correlation between the 
surface runoff and rainfall levels during the peach 
fruit growth periods (R2 = 0.9546; Figure 2B). 

 
Soil phosphorus losses. During the first year of 

experimental monitoring (2012 2013), total 
phosphorus (TP) concentrations in surface runoff 
decreased during the peach growth period (Figure 
3A); the peak value occurred during the surface 
runoff event on 26 December 2012, which was 
significantly higher than the other surface runoff 
events. Under conventional fertilization practices 
(T1), the TP concentrations in the surface runoff 
peaked at 1.65 mg·L 1. The average TP 
concentrations in the surface runoff, across all events 
during the first year of experimental monitoring 
(2012 2013) were significantly higher (by 33.52% 
and 35.34%, respectively) in T1 than in T2 and T3. 
Another smaller peak in TP concentrations in the 

surface runoff was recorded during the 7 July 2013 
event (Figure 3A); this mainly occurred because the 
rainfall event immediately followed the application 
of topdressing fertilizer on 5 July 2013. 

During the second year of experimental 
monitoring (2013 2014), TP concentrations in the 
surface runoff generally also decreased during the 
peach growth period; peak values were measured 
during the overwintering and fruit expanding and 
core-hardening peach stages (Figure 3B). The TP 
concentration measured in the first peak value (T1; 
0.58 mg·L 1), during the surface runoff event on 8 
February 2014, was significantly higher than the 
concentrations measured during other surface runoff 
events across the second year of experimental 
monitoring (2013 2014). The second peak value 
mainly occurred as a result of intensive topdressing 
fertilizer application during the peach fruit 
expanding and core-hardening stage. TP 
concentrations (T1; 0.62 mg·L 1) in the surface 
runoff event during 27 June 2014 were significantly 
higher than those measured in the other surface 
runoff events during the second year of experimental 
monitoring (2013 2014). The average TP 
concentration in the surface runoff for all the surface 
runoff events during the second year of experimental 
monitoring (2013 2014) was significantly higher in 
T1 (by 26.24% and 45.09%, respectively) than in T2 
and T3 treatments. 

(D)

Date of surface runoff events/(Month/Day/Year)

2/8
/20

14

2/1
8/2

01
4

3/1
2/2

01
4

3/2
0/2

01
4

4/1
2/2

01
4

4/1
7/2

01
4

4/2
6/2

01
4

6/2
/20

14

6/2
7/2

01
4

7/3
/20

14

7/1
3/2

01
4

7/2
8/2

01
4

8/2
4/2

01
4

9/3
/20

14T
he

 q
ua

nt
ity

 o
f 

T
P 

lo
ss

 b
y 

su
rf

ac
e 

ru
no

ff
/(

g 
hm

-2
)

0

50

100

150

200

250

300

350

T1
T2
T3

(C)

12
/26

/20
12

12
/31

/20
12

2/2
0/2

01
3

5/1
0/2

01
3

5/1
7/2

01
3

6/2
/20

13

6/9
/20

13

6/2
6/2

01
3

7/7
/20

13

8/2
4/2

01
3

10
/9/

20
13T

he
 q

ua
nt

ity
 o

f 
T

P 
lo

ss
 b

y 
su

rf
ac

e 
ru

no
ff

/(
g 

hm
-2

)

0

100

200

300

400

500

T1
T2
T3

(B)

Date of surface runoff water/(Month/Day/Year)

2/8
/20

14

2/1
8/2

01
4

3/1
2/2

01
4

3/2
0/2

01
4

4/1
2/2

01
4

4/1
7/2

01
4

4/2
6/2

01
4

6/2
/20

14

6/2
7/2

01
4

7/3
/20

14

7/1
3/2

01
4

7/2
8/2

01
4

8/2
4/2

01
4

9/3
/20

14

T
P 

co
nc

en
tr

at
io

n 
in

 th
e 

su
rf

ac
e 

ru
no

ff
 w

at
er

/(
m

g 
L

-1
)

0.0

.2

.4

.6

.8

T1
T2
T3

(A)

12
/26

/20
12

12
/31

/20
12

2/2
0/2

01
3

5/1
0/2

01
3

5/1
7/2

01
3

6/2
/20

13

6/9
/20

13

6/2
6/2

01
3

7/7
/20

13

8/2
4/2

01
3

10
/9/

20
13

T
P 

co
nc

en
tr

at
io

n 
in

 th
e 

su
rf

ac
e 

ru
no

ff
 w

at
er

/(
m

g 
L

-1
)

0.0

.5

1.0

1.5

2.0

T1
T2
T3

 

FIGURE 3 
Total phosphorus (TP) concentrations in the surface runoff (Panel A, Panel B); and TP losses from the 

peach orchard due to surface runoff (Panel C, Panel D), for each treatment: T1, conventional fertilization 
practice; T2, reduced fertilizer practice; and T3, inter-planting of white clover (Trifolium repens L.).
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FIGURE 4 
Total phosphorus (TP) losses (Panel A) and 

coefficients of TP losses by surface runoff (Panel 
B), for each treatment: T1, conventional 

fertilization practice; T2, reduced fertilizer 
practice; and T3, inter-planting of white clover 

(Trifolium repens L.) 
 
The TP losses due to surface runoff mainly 

occurred from the peach fruit setting stage to the 
peach fruit ripening stage (Figures 3C, D). In T1, TP 
losses during the surface runoff events of 17 May 
2013, 9 June 2013, 26 June 2013, and 7 July 2013 
accounted for 67.67% of that lost during the whole 

2013); and TP losses during the surface runoff events 
of 26 April 2014, 27 June 2014, 3 July 2014, and 28 
July 2014 accounted for 54.83% of that lost during 

t growth 
period (2013 2014). 

During the first year of experimental 
monitoring (2012 2013), the TP losses due to 
surface runoff were 1.88 kg·hm 2 in T1 (Figure 4A). 
Compared with T1, T2 and T3 had significantly 
lower TP losses, by 24.26% and 23.95%, 
respectively. During the second year of experimental 
monitoring (2013 2014), the TP losses by surface 
runoff reached 1.80 kg·hm 2 in T1 (Figure 4A); in 
T2 and T3, significantly lower TP losses, by 21.01% 
and 29.87%, respectively, were recorded. 

The coefficients of TP losses by surface runoff 
from the peach orchard reached 0.65% in T1 during 
the first year of experimental monitoring (2012
2013). Compared with T1, T3 had a significantly 
lower correlation coefficient, by 23.95%, but T2 had 

significantly higher one, by 8.01%. During the 
second year of experimental monitoring (2013
2014), the coefficients of TP losses by surface runoff 
reached 0.85% in T1. Compared with T1, T3 had a 
significantly lower coefficient, by 29.87%, but T2 
was significantly higher, by 9.64%.  

 
Peach fruit yield. Peach yield directly affects 

its economic value. The weights of individual peach 
fruit are also an important index of peach fruit 
appearance and quality and size is used to grade them 
and assess their economic value. Thus weight and 
size may be better indices to reflect economic value 
than yield. The average peach fruit yield per tree and 
weights of individual fruit were 62.38 kg·Plant 1 and 
227.76 g, respectively, in T1. Compared with T1, T2 
appeared to have lower individual fruit weights, by 
4.13%, but there was no significant difference; 
however, the yield was significantly lower, by 
7.32%. T3 increased the individual fruit weight and 
the peach fruit yield by 1.54% and 2.04%, 
respectively, but no significant difference was found 
between these treatments. 

 
Peach fruit quality. The soluble solids and 

titratable acid contents of peach fruit are important 
indicators of their intrinsic quality; they are 
positively and negatively, respectively, correlated 
with the flavor of the fruit. In T1, the mean soluble 
solids and titratable acid contents were 14.02% and 
0.37%, respectively (Table 3). Compared with T1, 
T2 fruit had significantly lower soluble solids and 
reduced sugar contents, by 6.54% and 8.09%, 
respectively. The fruit in T2 also had slightly (but not 
significantly) higher titratable acid contents, by 
4.81%. The titratable acid content appeared 5.84% 
lower, and soluble solids content appeared 1.19% 
higher in T3, compared to T1, but the differences 
were not significant. T3 fruit did have significantly 
higher (than T1) reduced sugar contents, by 9.14%. 
The ratio of soluble solids to titratable acid is the fruit 
quality parameter most closely related to consumer 
acceptance of peaches, where an increase in the ratio 
indicates an improvement in the flavor of the fruit. In 
T1, the ratio of soluble solids to titratable acid in the 
fruit was 38.01 (Table 3). Compared with T1, T2 
fruit had a significantly lower ratio, by 10.97%, and 
T3 fruit had a significantly higher ratio, by 7.31%. 
Vitamin C content is also an important nutritional 
quality parameter of peach fruit. In T1, the mean 
vitamin C content of the fruit was 6.47 mg·100 g 1 
FW (Table 3). Compared with T1, T2 fruit had 
significantly lower vitamin C content, by 9.33%. 
Although the fruit in T3 appeared to have higher 
vitamin C content, by 3.17%, compared to T1 fruit, 
there was no significant difference. 
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TABLE 3 
Effects of each treatment on the peach fruit quality parameters 

Experimental 

treatments^ 

Peach fruit quality parameters 

Soluble solid 

content (%) 

Reduced sugar 

content (%) 

Titrable acid 

content (%) 

Vitamin C content 

(mg·100g 1 FW) 

Ratio of soluble 

solid to titrable 

acid 

T1 14.02±0.19a 1.81±0.04b 0.37±0.01ab 6.47±0.13a 38.01±1.32b 

T2 13.10±0.15b 1.67±0.02c 0.39±0.01a 5.87±0.07b 33.84±0.67c 

T3 14.18±0.18a 1.98±0.03a 0.35±0.01b 6.68±0.24a 40.79±0.91a 

^T1, conventional fertilization practice; T2, reduced fertilizer practice; and T3, inter-planting of white clover 
(Trifolium repens L.) 
Note: Data are the mean ± standard error from at least three replicates. Different letters in a column indicate 

significant differences between the treatments at P<0.05 

 

DISCUSSION 

According to their characteristics of growth, 
approximately 0.5 kg of nitrogen (N), 0.2 kg of 
phosphorus (P2O5), and 0.6 0.7 kg of potassium 
(K2O) are required to produce 100 kg of fresh peach 
fruit [42-44]. Considering the yields of fruit in this 
study, the optimized nutrient requirements above 
represent 193.97 195.94 kg N·hm 2, 77.59 78.38 kg 
P2O5·hm 2, and 232.76 274.31 kg K2O·hm 2 for the 
peach orchard in Taihu Lake Basin, China. However, 
the actual annual nutrient inputs to the peach orchard 
were 838.65 853.95 kg N·hm 2, 213.00 290.70 kg 
P2O5·hm 2, and 299.40 357.90 kg K2O·hm 2. Thus, 
the actual nitrogen inputs were over four times 
higher than the optimized nitrogen requirements, 
phosphorus inputs were over three times higher than 
the optimized phosphorus requirements, and the 
potassium inputs were also excessive. Furthermore, 
according to the fertilization criteria of peach 
orchards [21], the nitrogen and phosphorus nutrient 
inputs were in the ultra-high input category (>400 kg 
N·hm 2, >200 kg P2O5·hm 2), and the potassium 
inputs were in the high input level category (250 500 
kg K2O·hm 2). 

The continuously excessive nutrient inputs 
could not only have led to a decline in the fertilizer 
utilization efficiency and decrease in the production 
efficiency of the peach orchard, but could also have 
adversely affected the soil quality and surrounding 
water quality of the peach orchard. A previous study 
found a significant positive correlation between 
phosphorus inputs and the soil phosphorus load in a 
peach orchard, and showed that excessive fertilizer 
application was the main reason for this [45].  

Lu et al. [46] investigated the characteristics of 
phosphorus fertilizer application rates, surpluses, 
and phosphorus loads in different regions of China, 
using a nutrient balance method; the highest soil 

phosphorus surplus was found in the peach orchards 
of Hebei and Shandong provinces, reaching 531.7 
and 507.8 kg·hm 2, respectively, followed by 
Beijing city and Henan province, with levels of 359.6 
and 327.5 kg·hm 2, respectively. They found the soil 
phosphorus surplus in peach orchards of Jiangsu 
province to only be 237.2 kg·hm 2, lower than the 
national average phosphorus surplus of peach 
orchards in China (285.3 kg·hm 2) [46]. In our study, 
the dry and wet deposition of phosphorus and 
leaching of phosphorus were not considered in our 
phosphorus balance calculation. In addition, the 
phosphorus in peach leaves, rotting fruit and 
thinning fruit from the peach orchard remained in the 
peach orchard, which was not considered. However, 
we calculated that phosphorus absorption through 
the peach fruit harvest was 18.48 18.67 kg 
P2O5·hm 2 (data not shown), and the annual 
phosphorus surplus in the peach orchard reached 
about 192.72 270.15 kg P2O5·hm 2. 

The soil phosphorus surplus may cause the 
serious waste of phosphorus resources. It also 
reduces the potential for the phosphorus to be 
retained as reactive phosphorus in the solid phase 
within the soil, directly resulting in an increase in the 
proportion of reactive phosphorus in the liquid 
phase; although this may improve (to an extent) the 
potential soil phosphorus supply, more seriously, it 
could significantly increase the risk of soil 
phosphorus losses into the surrounding water; such 
losses could become one of the most important non-
point pollution sources causing eutrophication [47-
48]. In fact, soil phosphorus losses mainly occurred 
due to surface runoff and leaching. As most soils 
have a strong phosphorus fixation capacity, 
previously, surface runoff was considered to be the 
major source of non-point phosphorus pollution into 
water bodies, with a rare to negligible contribution 
of soil leaching [25].  

Reducing fertilizer application rates was one of 
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the effective technical approaches to control the loss 
of soil nutrients from farmland [8]. In this study, 
although reducing nitrogen, phosphorus, and 
potassium inputs, by 29.12%, 28.92%, and 23.95%, 
respectively, significantly reduced the phosphorus 
emissions (Figure 4), the yield (Figure 5) and quality 
(Table 3) of the peach fruit also decreased. Yan et al. 
[49] optimized their fertilization rates by applying a 
regional fertilization decision-making system, based 
on GoogleMap and WebGIS for peach orchards; in 
their study, the chemical fertilizer application rates 
were significantly decreased, by 45.2% (P2O5) and 
21.0% (K2O), but the organic fertilizer application 
rates were significantly increased by 34.4% (P2O5). 
Considering the total nutrients input, the phosphorus 
and potassium nutrient inputs from their optimized 
fertilization rates were 2.7% and 9.6% lower, 
respectively [49]. Compared with their traditional 
fertilization practice, applying the optimized 
fertilization rates increased the peach fruit yield by 
27.5%, and significantly improved fruit quality. The 
main reason for the differences observed between the 
results of Yan et al. [49] and our study may be that 
Yan et al. [49] significantly reduced the nitrogen 
inputs, by adjusting the input structure of the organic 
and inorganic fertilizers. That is, they did not 
significantly reduce the phosphorus and potassium 
inputs in their peach orchard, while the nitrogen, 
phosphorus, and potassium inputs were decreased 
synchronously in this study. However, the 
phosphorus inputs from their optimum fertilization 
rate were still in the ultra-high input category (331 

2) [49]. 
From the perspective of the potential risk to the 

water environment, phosphorus is generally the main 
limiting factor for eutrophication [5]. Therefore, the 
systematic control of phosphorus inputs and 
phosphorus emissions might have more practical 
significance for the establishment of a healthy and 
sustainable production system in the intensively 
managed peach orchard. Nutrient management in 
peach orchards, soil nutrients status, the objective 
yield of peach fruit, and the status of peach tree 
growth should all be considered [50-51]; within 
these, the soil nutrients surplus and load, 
environmental effects of soil nutrients loss, and the 
economic benefits of peach production are especially 
important. A balance needs to be found to coordinate 
high yields and quality of peach fruit, with rational 
nutrient inputs, and sustainable production in peach 
orchards. 

Previous research has shown that inter-planting 
grasses could not only improve soil fertility, but also 
reduce the loss of soil phosphorus in orchards [52]. 
In this study, inter-planting white clover 
significantly reduced the phosphorus losses, and the 
coefficient of soil phosphorus losses by surface 
runoff, from the peach orchard (Figure 4); these 

results were consistent with those of Zhang et al. 
[35]. Inter-planting white clover may have 
significantly reduced soil and sediment erosion by 
surface runoff, which is the main way phosphorus is 
lost from orchards [35-36]. Meanwhile, vegetation 
coverage was also identified as an important factor 
that may reduce the loss of soil nutrients themselves 
through surface runoff [53-54]; inter-planting white 
clover likely significantly improved the vegetation 
cover of the surface soil, which may have 
contributed to the lower levels of soil phosphorus 
loss due to surface runoff in the peach orchard. The 
specific mechanism needs to be explored further. 
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FIGURE 5 

Mean peach fruit yields (Panel A) and weights 
(Panel B) for each treatment: T1, conventional 

fertilization practice; T2, reduced fertilizer 
practice; and T3, inter-planting of white clover 

(Trifolium repens L.) 
 
Inter-planting white clover not only increased 

the yield (Figure 5), but also improved the quality of 
the peach fruit (Table 3) in this study, consistent with 
previous studies [55-57]. In these, the main reasons 
for the positive effects of inter-planting grasses, like 
white clover, in peach orchards, have been 
considered, including: improvement of the surface 
microclimate environment [58-60]; promoting the 
photosynthetic ability of peach leaves [57, 61]; 
increasing the number of soil microbes [62-65]; 
improving the diversity and stability of the biological 
communities [32]; and increasing the activities of 
soil catalase, urease and alkaline phosphatase [29, 
66]. These studies, together with the present 
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research, indicate that inter-planting white clover in 
peach orchards not only reduces soil phosphorus 
emissions, but increases peach fruit yields and 
quality, providing a sustainable technology for peach 
fruit production in Taihu Lake Basin. 
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ABSTRACT  

Fungal biosorption is relatively effective 
method that has been shown to have a considerable 
potential to remove heavy metals from urban waste 
waters. Given the low cost, high abundance, easy 
availability, long storage and high biosorption 
potential of the vegetable sponge Luffa cylindrica, 
this study aimed to immobilize Aspergillus niger on 
vegetable sponge to develop low cost bio-sorbent 
and optimize the environmental conditions for 
removal of Zinc (II) from aqueous solutions. The 
conditions evaluated in this study were pH, 
incubation temperature, incubation time, heavy 
metal ion concentration and biosorbent weight. The 
optimal biosorbent wet weight for maximum 
biosorption (97.5%) was 0.5 g. The maximum 
biosorption (97.37%) was observed at pH 2.5. The 
optimal temperature to give maximum bio-sorption 

rate (95.5%) was observed at metal concentration 2 
mg/L. Analysis of the Atomic Absorption 
Spectrophotometer indicated that the biosorbent has 
a great potential to eliminate Zinc (II) from aqueous 
solutions contributing to an eco-friendly technology 
for bioremediation in natural environment. 

 
 

KEYWORDS:  
Aspergillus niger; Biosorption; Luffa cylindrica; Eco-
friendly technology; Zinc 

 
 

INTRODUCTION 

Urban ecosystems are filled with the 
uncontrolled discharge of waste waters containing 
heavy metals in environment which are hazardous to 
animals, plants and humans. Due to their high agility 
and noxiousness, their existence in surface and 
ground water stances a key inorganic contamination 
problem [1]. One of the most important priorities of 
the 21st century is the expansion of technically 
simple and economically striking techniques of 
industrial waste purification. [2,3]. Biosorption is the 

removal of metals or metalloid species, complexes 
and particulates from solution by biological material, 
is a striking technology using indolent and dead 
biomass to remove heavy metals from aqueous 
solutions when the metabolic activity for 
intracellular accumulation is absent [4-6]. 
Biosorption is influenced by pH [7], Biomass dosage 
[8] and temperature [9]. For economic reasons, less 
costly biosorbents are one of kind attention 
nowadays, such as agricultural wastes including 
Luffa cylindrica [10]. Zinc is of major concern 
because it is highly used in developing countries for 
industrial purposes. This metal is used in 
electroplating, steel industry, paint industry, 
galvanizing industries, smelting, polymer stabilizer, 
mining and metallurgical processes [11]. For 
successful application in detoxifying metal effluents, 
fungal biomass needs to be immobilized to increase 
its efficiency, strength, density and resistance to 
chemical environments. This was achieved in this 
study by immobilizing the filamentous fungus 
Aspergillus niger on Luffa cylindrica. In this study, 
potential of Aspergillus niger for the biosorption of 
Zn will be evaluated. The aims of this study were 
biosorption of heavy metal from aqueous solution by 
fungal immobilization on Luffa cylindrica, 
Utilization of local low cost resources as biosorbent, 
development of cost effective wastewater treatment 
technology.  

 
 

MATERIAL AND METHODS 

The purpose of this experimental work was to 
understand and analyze the ability of Aspergillus 
niger (RK-54) immobilized on Luffa cylindrica to 
remove Zn+2 from aqueous solution in different 
environmental conditions. 

 
Microorganism & Inoculum preparation. 

Aspergillus niger (RK-54) previously isolated in 
Environmental Science lab., was used in all of the 
experiments. It was isolated from soil in the vicinity 
of electroplating industry near Lahore Pakistan. 
Spore suspension of Aspergillus niger (RK-54) from 
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24 hour old PDA slant was used to inoculate Potato 
dextrose broth (0.6 g in 25ml of distilled water) for 
solid state inoculum. The pH of media was 
maintained 5.0 and autoclaved for 20 min. After 
autoclaving the flask was placed in shaking 
incubator for 3 days at 25 °C and 150 rpm agitation 
speed. Then Spores of Aspergillus niger were 
inoculated.   

 
Biomass production. Solid state fermentation 

was used for the production of biomass used in 
experiments. Trisodic citrate (0.025 g), Ammonium 
nitrate (0.03 g), Ammonium sulphate (0.04 g), 
Magnesium sulphate (0.002 g) and Di-hydrogen 
potassium phosphate (0.05 g) was dissolved in 10ml 
of distilled water. The solution was autoclaved for 20 
min. and then poured onto Wheat bran (10 g) which 
was inoculated with Aspergillus niger inoculum 
along with the pieces of Luffa cylindrica (1×1cm 
cube) and kept in incubator at 25 °C for 5 days.  

 
Biosorption technique. All experimental work 

was carried out by taking fungal biomass (0.5 g) in 
ZnSO4 solution (25 ml) in 250 ml Erlenmeyer flasks. 
Different environmental conditions (metal 
concentration, bio sorbent dosage, temperature, 
incubation time and pH) were optimized. The 
process was carried out in rotatory shaker (GFL 
3033) at 150 rpm for specific time intervals. The 
influence of initial pH on biosorption rate was 
investigated at different pH. The incubation 
temperature was studied in range of 15-30 °C. 
Biosorbent dosage was varied in range of 0.25-1 g. 
The effect of incubation time on Zc+2 removal rate 
(%) was also assessed. The control flasks were 
subjected to same conditions but without bio sorbent. 
To make the process economically feasible the bio 
sorbent (Aspergillus niger immobilized on Luffa 
cylindrica) was reused after each cycle to analyze the 
bio sorption efficiency of Aspergillus niger. After 
each experiment, the mixture was filtered through 
whatman filter paper and the residual metal ions 
concentration was determined by using Atomic 
Absorption Spectrophotometer. 

 
Optimization of different environmental 

conditions for maximum biosorption. To obtain 
maximum biosorption, initial pH was varied in range 
of 2, 2.5, 3 and 3.5 at biosorbent weight 0.5 g, for 10 
min at 150 rpm and 25 °C temperature. To obtain 
maximum bio sorption rate, different heavy metal 
concentrations were studied in range of 0.5 , 1.0, 1.5, 
2.0  and 3.0 mg/L under incubation conditions; 
biosorbent weight 0.5 g, 10 min at 150 rpm and 25 
°C. To obtain maximum biosorption rate, biosorbent 
weight in range of 0.25 g, 0.5 g, 0.75 g, 1.0 g were 
studied in 25 ml of distilled water in 250 ml of 
Erlenmeyer flask. Incubation was occurred for 10 
min at 150 rpm, pH 2.5 and 25 °C temperature. 
Incubation time was varied in range of 5, 10, 15 and 

20 min to obtain maximum biosorption rate. 
The incubation was under constant conditions; pH 
2.5, weight of biosorbent 0.5 g, at 150 rpm and 25 
°C. To obtain maximum biosorption, incubation 
temperature was varied in range of 15, 20, 25 and 30 
°C and the pH was kept constant at 2.5; Biosorbent 
weight 0.5 g; 10 min at 150 rpm and 25 °C. After 
each experiment the solution was filtered with 
Whatman filter paper and the residual metal ions 
concentration was determined by using Atomic 
Absorption Spectrophotometer. 

 
Analysis of results. Residual metal ion 

concentration of Zn+2 in all samples was determined 
by using Atomic Absorption Spectrophotometer (M 
Series 08260033, THERMO Electron Corporation, 
and UK). The percentage removal of metal ions was 
determined by the following formula: 

 

 

 
Where Ce is initial metal concentration (mg/L) 

in ZnSO4 solution and Cf is the final metal 
concentration (mg/L) in ZnSO4 solution. 

 
 

RESULTS  

Effect of initial pH. The pH of the metal 
solutions determines the availability of the metal in 
a soluble form for adsorption, dictates the overall 
surface change of the adsorbent. The uptake of Zn+2 

by biosorbent (Aspergillus niger immobilized on 
Luffa cylindrica) was investigated at different pH 
levels (2.0, 2.5, 3.0 and 3.5). The pH of the solution 
was adjusted with NaOH and HCL. The maximum 
biosorption of Zn+2 (97.37%) obtained at pH 2.5 (see 
Figure 1). The removal efficiency of biosorbent 
increased with decreased pH. 

 
 

 
FIGURE 1 

Effect of incubation pH on removal (%) of Zinc 
 
Effect of incubation temperature. 

Temperature is the most important factor that has 
great influence on biosorption of heavy metals. The 
effect of incubation temperature on biosorption 
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capacity of bio sorbent (Aspergillus niger 
immobilized on Luffa cylindrica) was studied at 
different temperatures (15, 20, 25, 30 °C). The 
maximum biosorption rate of Zn+2 (97.12%) was 
obtained at 25°C after 10 min of incubation (see 
Figure 2). Biosorption rate increases with slight 
increase in temperature. Further increase in 
temperature decreased the biosorption rate. At higher 
temperatures, biosorption rate started to decline 
because fungus started to die. 

 

 
FIGURE 2 

Effect of incubation temperature on removal 
(%) of Zinc 

Environmental conditions: Wet weight of biosorbent 
0.5 g, pH 2.5, incubation time 10 min, agitation 
speed 150 rpm 

 
Effect of biomass dosage. Biomass dosage has 

profound effect on biosorption rate. The effect of 
biomass on the removal of Zn+2 was studied on 
different biosorbent weight (0.25 g, 0.5 g, 0.75 g, 1.0 
g) at pH 2.5 and 150 rpm agitation speed. The 
maximum biosorption rate for removal of Zn+2 

(97.5%) was observed at 0.5 g dosage of biosorbent 
(see Figure 3). Further increase in biosorbent dose in 
limited metal concentration decreases the uptake of 
Zn+2 because of the saturation of sorption sites on 
biosorbent. 

 

 
FIGURE 3 

Effect of bio sorbent weight (%) on removal of 
Zinc 

Incubation Conditions: pH 2.5, temperature 25 
°
C, 

incubation time 10 min, agitation speed 150 rpm. 

 Effect of Zn+2 concentrations and 
incubation time. The effect of initial concentration 
of effluent on biosorption was investigated in the 
range of 0.5-3 mg/L at pH 2.5 and 150 rpm agitation 
speed. It was observed that maximum removal was 
increased with increase in initial concentration of 
Zn+2. The maximum biosorption of Zn+2 (95.5%) 
was observed at 2 mg/L (see Figure 4). After 2 mg/L 
the biosorption rate started to decline due to 
saturation of sorption sites on bio sorbent. Maximum 
biosorption (97.12%) was observed at first 10 min 
(see Figure 5). Further increase in incubation time 
decreases the bio sorption rate slightly and then 
remains almost constant. 

 

 
FIGURE 4 

Effect of metal ion concentration on removal 
(%) of Zinc 

Environmental Conditions: Wet weight of 

incubation time 10 min, agitation speed 150 rpm. 
 

 
FIGURE 5 

Effect of incubation time on removal (%) of Zinc 
Environmental Conditions: Wet weight of 

agitation speed 150 rpm. 
 
Reuse of bio sorbent. To make the process 

economically feasible the bio sorbent (Aspergillus 
niger immobilized on Luffa cylindrica) was reused 
for up to 15 cycles to analyze the bio sorption 
efficiency of A. niger. The maximum biosorption 
rate (96%) was observed at first cycle (See Figure 6) 
which continued to decrease after each cycle and 
minimum biosorption rate (46%) was observed at 
15th cycle 
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FIGURE 6 

Effect of biosorbent recycling on removal (%) of 
Zinc 

Environmental Conditions: Wet weight of 
biosorbent 0.5 g, temperature 25 

°
C, incubation time 

10min and agitation speed 150 rpm. 
 
 

DISCUSSION 

The present study was aimed for the bio 
sorption of Zn+2 from aqeuous solution of ZnSO4 by 
immobilization of Aspergillus niger (RK-54) on 
Luffa cylindrica which is widely distributed in 
tropics and sub-tropics and also in Pakistan. Potato 
Dextrose Broth (PDB) is most commonly used 
growth media for fungi [12]. Biosorption is 
dependent on fungal species, biosorbent size, heavy 
metal concentration, temperature, incubation time 
and pH. To achieve the maximum rate of biosorption 
by fungal immobilization on Luffa cylindrica, 
different environmental conditions were optimized. 
Factors such as pH, temperature and heavy metal 
concentration affect biological elimination of 
pollutants [13, 14]. Biosorption was more effective 
under agitation conditions than static conditions. The 
reasons may be that an increased mass and oxygen 
transfer takes place during continuous agitation [15, 
16]. The results indicated that biosorption of Zn+2 by 
fungal biomass were very effective at moderate 
agitation speed which was 150 rpm [17]. It was 
investigated that maximum biosorption of Zn+2 

observed at pH 2.5, incubation temperature (25 °C), 
incubation time (10 min), biosorbent dosage (0.5 g), 
and heavy metal concentration (2 mg/L).  

The pH level is one of the most important 
parameter for biosorption of metal ions from 
aqueous solutions. Fungus showed best biosorption 
at pH 2.5 (97.37%). Insoluble metal ions started 
precipitating from the solution at higher values of 
pH, making true biosorption studies impossible.  pH 
has a significant effect on the solubility, speciation 
of heavy metal, and biosorption capacity of fungi 
[18]. At very low pH (2.0) fungal surface had a 
positive charge and prevented contact with metal 
ions. Similar results were published for Pb+2 removal 
by using Penicillium simplicissimum [19]. 

It is well documented that solution 
temperature is an important parameter affecting 
biosorption of heavy metals [20]. The decrease of 
biosorption capacity at high temperature may be due 
to damage of active sites present on biomass [21]. 
The temperature can affect the stability of cell wall 
and its configuration [12]. It was found that the metal 
uptake increased with increase in temperature till 25 
°C. The maximum biosorption was obtained at 25 C 
(97.18%). While increasing temperature above 25 °C 
decreased the biosorption capacity [22]. 

The biosorption capacity increased with 
increase in time and large number of metal ions 
(97.12%) was removed till 10 min. This trend for 
metal ions in binding suggests that the binding may 
take place through interactions with functional 
groups on the surface of the biosorbent (Arica et al., 
2004). Further increase in time decreases the 
biosorption rate because less binding sites were 
available for biosorption. Biosorbent dosage in 
reaction mixture is equally important factor for 
biosorption process [23, 24]. It was observed that the 
biosorption capacity increased with increase in 
biosorbent dose. Maximum biosorption rate (97.5%) 
was observed at 0.5 g of biosorbent. But further 
increase in biosorbent dosage decreases the 
biosorption capacity of biosorbent to remove Zn+2 

from ZnSO4 solution because of the interference of 
excess binding sites on biosorbent. Similar trend was 
observed for removal of Zn+2 using ovulate cones 
biomass of Pinus sylvestris as the biosorbent [25, 
26]. It was found that the biosorption of Zn+2 

increased with the initial concentration of metal ions. 
Maximum biosorption (95.5%) was observed at Zn+2 

(2 mg/L). The increase could be due to an increase in 
electrostatic interactions which are relevant to 
covalent interactions [27]. 

To make the process economically feasible the 
bio sorbent (Aspergillus niger immobilized on Luffa 
cylindrica) was reused for up to 15 cycles to analyze 
the bio sorption efficiency of A. niger. The maximum 
biosorption rate (96%) was observed at first cycle 
which continued to decrease after each cycle and 
minimum biosorption rate (46%) was observed at 
15th cycle. The efficiency of biosorbent as a reuse 
material was investigated and biosorption rate of this 
reused biomass was half as per previous result. The 
percentage removal of Zn+2 was 55%. The 
immobilization of Aspergillus niger on Luffa 
cylindrica served as an effective biosorbent for 
removal of Zn+2. Biosorption is an important process 
in the biogeochemical cycling of metals, radio 
nuclides, and anthropogenic organics should be fully 
studied in order to understand the source and fates of 
chemicals. However, research has to be done to 
highlight these biological methods at national level.  
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CONCLUSION 

 
This study gives evidence of benefits using 

immobilization of A. niger on Luffa cylindrica as 
well as optimized environmental conditions for the 
removal of Zn+2 from the aqueous solution of ZnSO4. 

This study indicated that the various environmental 
conditions which can affect biosorption process are 
pH, biomass dosage, temperature, metal ion 
concentration and incubation time. The maximum 
biosorption (97.5%) was obtained at biosorbent 
weight 0.5 g. The maximum biosorption (97.37%) 
was observed at pH 2.5. The best temperature to give 
maximum biosorption rate (97.12%) was 25 °C. The 
maximum biosorption rate (95.5%) was observed at 
metal concentration 2 mg/L. This study indicated the 
scope of using low cost biological material for heavy 
metal uptake to make wastewater treatment an 
economically feasible method for industries. It is 
concluded that Aspergillus niger immobilized on 
Luffa cylindrica has a great potential for removing 
Zn+2 from aqueous solutions as an eco-friendly 
process. 
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ABSTRACT 

A strain JW18 capable of highly degrading 
chlorimuron-ethyl was isolated from soil. JW18 was 
identified as Bacillus tequilensis based on 16S rRNA 
and analysis of morphology, physiological and 
biochemical characters. The optimal pH value and 
temperature were 7.0-7.5 and 37 . The 96h 
degradation rate of 50 mg/L chlorimuron-ethyl by 
JW18 was at about 99% in inorganic salt medium. 
The strain JW18 could tolerate 800 mg/L of 
chlorimuron-ethyl and showed a high tolerance to 
chlorimuron-ethyl. The salt resistance test 
demonstrated that JW18 grew well at NaCl 
concentrations ranging from 0.5% to 8.0% In 
addition, it was actualized to develop a new 
microbial preparation for dealing with chlorimuron-
ethyl pollution. The commercial preparation (soil 
conditioner) added by strain JW18 has developed a 
new function for degrading chlorimuron-ethyl 
residue in soil, and the negative effect were not 
detected. Therefore, it was considered that strain 
JW18 could be applied for bioremediation of 
chlorimuron-ethyl pollution and development of 
microbial preparation. This study may provide 
theoretic basis and reference for prevention and 
control of pesticides pollution. 
 
 
KEYWORDS  
microbial preparation; chlorimuron-ethyl; biodegradation; 
Bacillus tequilensis 

 
 

INTRODUCTION 

Chlorimuron-ethyl{ethyl 2-[[[[(4-chloro-6- 
methoxpyrimidin-2-yl)aminol] carbonyl] amino] 
sulfonyl] benzoate}was a broad-spectrum 
sulfonylurea herbicide[1]. It has been largely used 
for the control of broadleaf and gramineal weeds[2]. 

But the chlorimuron-ethyl residue in soil might bring 
some trouble to sensitive crops, soil microbes and 
nearby aquatic systems [3-6]. Therefore, 
Chlorimuron-ethyl degradation and environmental 
fate in soil were paid close attention. Chemical 
hydrolysis and microbial degradation were 
considered the most important pathways of 
chlorimuron-ethyl degradation in soil, especially 
microbial degradation[7-9]. Compared with 
sterilized soil, faster and more effective degradation 
of some sulfonylurea herbicides in nonsterilized soil 
revealed that the degradation mainly depended on 
the soil microbial consortium [10,11].  

So far, some studies on the microbial degradation 
of chlorimuron-ethyl had been reported. Ma et al. 
isolated a highly efficient chlorimuron-ethyl 
degrading bacterium Pseudomonas sp. LW3, which 
was capable of using chlorimuron-ethyl as the sole 
nitrogen source, and degrading some other 
sulfonylurea herbicides [7]. Yang et al. isolated 
Hansschlegelia sp. CHL1, which could utilize 
chlorimuron-ethyl as sole carbon and energy source, 
and could also be used for the bioremediation of 
chlorimuron-ethyl contaminated soil [12]. Seema 
Sharma et al. and Zhang et al. obtained chlorimuron-
ethyl degrading fungi, Aspergillus niger and 
Sporobolomyces sp. LF1, they could degrade 
chlorimuron-ethyl effectively[13,14]. Besides, the 
metabolic pathway on biodegradation of 
chlorimuron-ethyl has been proposed. 

But no reports on biodegradation of chlorimuron-
ethyl by Bacillus tequilensis have been published. In 
this study, Bacillus tequilensis JW18, a strain that 
could effectively degrade chlorimuron-ethyl was 
isolated, its degradation potential and the application 
for agriculture and environment protection were 
studied. A multifunctional microbial preparation was 
developed by supplementing strain JW18 into the 
HaoyangTM microbial preparation (it was 
commercially available). The new preparation had a 
new function for degrading chlorimuron-ethyl 
residue besides original function. The successful 
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experience in this study might be used as reference 
for prevention and control of herbicides pollution. In 
addition, it might also provide the foundation for the 
development of the microbial preparation. 

 
 

MATERIALS AND METHODS 

 
Chemicals and Media. Chemicals: 

chlorimuron-ethyl (99.8%) was purchased from 
Sigma-Aldrich. All other chemicals used were of 
analytical grade and commercially available. 

Culture media: Inorganic salt medium: 
MgSO4·7H2O 0.2 g, K2HPO4 0.1g, (NH4)2SO4 0.1 g, 
CaSO4 0.05 g, FeSO4·7H2O 0.01 g, water 1 L, pH 
7.0. Isolation medium: inorganic salt medium 
containing chlorimuron-ethyl (50mg/L) was used to 
isolate chlorimuron-ethyl degrading bacteria. 
Enrichment medium: peptone10 g, yeast extract 
powder 5 g, beef extract powder 3 g, sodium chloride 
5 g, water 1 L, pH7.0.  

 
Isolation and identification of chlorimuron-

ethyl degrading bacteria. The soil sample was 
collected from the farmland in Suzhou City, China, 
in which sulfonylurea herbicide has been used for 
more than 6 years. 3.0 g soil sample was placed in 
100ml inorganic salt culture medium (contained 50 
mg/L chlorimuron-ethyl) for shaking culture at 37  
(150 rpm). The degradation effect was measured 
every 24h (To determine chlorimuron-ethyl 
concentration according to the determination 
methods in literatures[15,16]). 5ml culture solution 
with 3days degradation rate> 50% was switched to 
enrichment medium with same concentration 
chlorimuron-ethyl, and continuously switched for 
more than 5 times. After the degradation effect was 
verified again, the above enrichment medium was 
coated on inorganic salt culture plate(contained 
chlorimuron-ethyl) for inverted culture at 37 . The 
eugonic bacterial colonies were selected and 
repeatedly streaked on the culture plate to obtain the 
pure culture. The bacterial species were identified 
using 16SrRNA sequence analysis and BiologTM 
microorganism identification system. 

 
Preparation of chlorimuron-ethyl degrading 

bacteria inoculum. The screened chlorimuron-ethyl 
degrading bacteria were cultured in nutrient broth. 
The thallus was collected by centrifugation (5000 
rpm for 10 min), washed using the sterile saline twice, 
resuspended with the sterile water until OD600=1.5. 
The suspension was taken as the inoculum for 
subsequent degradation experiments. 

 
Effect of temperature on degradation of 

chlorimuron-ethyl by strain JW18. 3% strain 

JW18 inoculum was incubated in inorganic salt 
culture medium containing 50mg/L chlorimuron-
ethyl (pH 7.0). Then the shaking culture was 
conducted under different temperatures (30 -45 ). 
The residual concentration of chlorimuron-ethyl and 
OD600 value were determined every 12h. 

 
Effects of pH on degradation of 

chlorimuron-ethyl by strain JW18. The pH value 
of inorganic salt culture medium (containing 50mg/L 
chlorimuron-ethyl) was adjusted to 6.0, 6.5, 7.0, 7.5 
and 8.0. Then 3% inoculum was incubated 
respectively. The shaking culture was performed at 
37 . The sample was taken regularly for the 
determination of chlorimuron-ethyl degradation and 
OD600 value. 

 
Tolerance of the strain JW18 on 

chlorimuron-ethyl. The chlorimuron-ethyl was 
added in inorganic salt culture medium so that the 
concentrations reached 50mg/L, 100mg/L, 200mg/L, 
400 mg/L and 800 mg/L. The strain JW18 was 
incubated respectively for shaking cultivation at 
37 . OD600 value was determined regularly, so as to 
evaluate the tolerance of strain JW18 on 
chlorimuron-ethyl. 

 
Tolerance of the strain JW18 on NaCl. The 

concentration of NaCl in inorganic salt culture 
medium (containing 50 mg/L chlorimuron-ethyl) 
was adjusted, so that the concentrations were 0.5%, 
1.0%, 2.0%, 4.0%, 8.0% and 16.0% respectively. 
Then the isometric strain JW18 was incubated for 
shaking culture at 37 . The sample was taken 
regularly and OD600 value was determined, so as to 
evaluate the tolerance of the strain JW18 on NaCl. 

  
Degradation of chlorimuron-ethyl in soil by 

strain JW18. The soil samples were derived from 
the farmland in Suzhou City. These samples were 
divided into 4 groups: Group A: sterilized soil (The 
fresh soil was sterilized for 30 min); Group B: fresh 
soil; Group C: The strain JW18 was added in 
sterilized soil; Group D: The strain JW18 was added 
in fresh soil. In addition, the concentration of 
chlorimuron-ethyl was 50mg/kg in each group. 
Finally, the sample was cultured at 37  incubator. 
The sample was taken every 24h and the 
concentration of chlorimuron-ethyl was determined. 

 
Preparation of new microbial preparation 

by using strain JW18. The existing microbial 
preparation was improved by using strain JW18, so 
that it had the new function of degrading 
chlorimuron-ethyl. The process of preparing the 
microbial preparation containing strain JW18 was as 
follows: The prepared inoculum was mixed with the 
sterilized nutrient broth medium(1:8, v/v). Then the 
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shaking culture was performed (120rpm) at 37 . 
Finally, the HaoyangTM microbial preparation (a 
commercial soil conditioner) was taken as the carrier. 
30ml prepared mixed liquid and 10g straw powder 
were added in every 100g carrier. The mixture was 
cultured in 30  incubator for 12h, then it was 
preserved into sterile glass bottle at 0 . 

The microbial preparation containing the strain 
JW18 was used to degrade chlorimuron-ethyl in soil: 
The chlorimuron-ethyl was added to fresh soil at first 
so that the concentration of chlorimuron ethyl was 
50mg/kg. Then the soil was subpackaged in a 20 
cm*20 cm box, and the soil depth was 10cm. The 
weight of each piece of soil was consistent. 15 pieces 
of soils were divided into 3 groups: Group A, the 
microbial preparation HaoyangTM was added to the 
soil (1g microbial preparation was mixed with 30ml 
sterile water, then they were scattered into a box of 
soil); Group B, the microbial preparation containing 
strain JW18 was added to the soil (the method was 
as same as that of group A); Group C was taken as 
the control group (30ml sterile water was added in 
each piece of soil). Finally three groups of soil were 
cultured in 30  incubator, stirred every 6 h and 
supplied water moderately. The concentration of 
chlorimuron-ethyl in soil was determined every 24 h. 

 
 

RESULTS AND DISCUSSION 

 
Identification and characterization of 

chlorimuron-ethyl degrading bacteria. A strain 
capable of utilizing chlorimuron-ethyl as the sole 
carbon sources and energy source was isolated from 
the farmland soil, named JW18. This strain was 
gram-positive, straight or curvulate bacillus, 
1.0×2.5-3.5 um in size. There was oval spores in the 
middle of thallus. The thallus could move and was 
aerobiotic. It forms circular, shaggy and opaque 
colonies on the nutrient agar plate. It was positive in 
tests for amylolysis, catalase, gelatin liquefaction, 
glucose fermentation, indole test and V.P. test. But 
lactose could not be used for fermentation[17,18]. 
The strain JW18 was identified as Bacillus 
tequilensis according to 16S analytical method. The 
identification result was consistent with that of 
BiologTM microorganisms identification system (The 
16S analysis of strain JW18 was commissioned to 
Shanghai SANGON company, GenBank accession 
number KP126484). 

 
Effects of temperature and pH on the strain 

JW18 growth and chlorimuron-ethyl degradation. 
The strain JW18 could maintain high-level growth at 
30-40 , but the growth status at 37  was 
significantly superior to that of other temperature. 
The growth of the strain JW18 could be inhibited at 

45 , resulting in poor growth (Fig. 1). The 
degradation efficiency of the strain JW18 would 
slightly change with temperature at 30-40 , but the 
difference was not significant (P>0.05). The 
degradation rate of chlorimuron-ethyl (initial 
concentration was 50mg/L) was 90% or above after 
cultured for 3 d, and could reach more than 99% after 
4d at 30-40 .The growth of the strain JW18 would 
be greatly inhibited if the temperature was 45 , but 
it could still effectively degrade chlorimuron-ethyl 
and the degradation rate still could reach about 80% 
after 4d (Fig.2). The experimental data showed that 
the strain JW18 could grow at a wider temperature 
range and had a strong chlorimuron-ethyl degrading 
ability. In addition, the result showed that the 
temperature could affect the growth rate of the strain 
JW18 and its chlorimuron-ethyl degrading rate. The 
temperature could not only cause the change of the 
degrading ability through influencing microbial 
growth, but also could directly influence the 
activities of relevant degrading enzymes. Generally, 
the increase of the temperature would cause the 
acceleration of enzymatic degradation reaction, but 
the excessively high temperature would lead to the 
inactivation of degrading enzymes and other 
enzymes[9,19]. Based on the above factors, 37  
was considered as the optimum temperature of the 
strains JW18 for growth and degrading chlorimuron-
ethyl. 
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FIGURE 1 

Effect of temperature on the growth of strain 
JW18 

 
The growth status and degradation ability of 

microorganism were usually affected by pH. 
Therefore the degradation ability of the strain JW18 
to chlorimuron-ethyl in the culture medium with 
different pH was tested. The results showed that the 
growth of the strain JW18 at pH 7.5 was more than 
that of other pH conditions(Fig.3), and the optimum 
pH of the strain JW18 for degrading chlorimuron-
ethyl was pH7.0-7.5 (Fig. 4). 
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FIGURE 2 

Effect of temperature on chlorimuron-ethyl 
degradation by strain JW18 
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FIGURE 3 

Effect of pH on the growth of strain JW18 
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FIGURE 4 
Effect of pH on chlorimuron-ethyl degradation 

by strain JW18 
 

Although the degrading rates of the strain JW18 on 
chlorimuron-ethyl have changed when the pH value 
was increased from 6.0 to 8.0, the chlorimuron-ethyl 
could be efficiently degraded by strain JW18 and the 
degradation rate could reach above 98% in 4d (Fig. 
4). According to Fig.3 and Fig.4, it could be known 
that pH would affect the strain JW18 growth and 
chlorimuron-ethyl biodegradation to a certain extent, 
but the degradation rate after 4d of incubation also 
showed that the effect of pH on the strain JW18 

degrading chlorimuron-ethyl was not significant in 
later degradation stage. The 4d degradation rate of 
the strain JW18 on chlorimuron-ethyl could reach 
above 98% under different pH conditions, it maybe 
indicate that the strain JW18 had enormous 
chlorimuron-ethyl degradation ability. The previous 
research results showed that sulfonylurea herbicides 
were relatively stable in neutral and alkaline 
conditions, and they were easy to hydrolyze in acidic 
conditions[19,20]. But this degradation 
characteristic was not observed in this experiment. 
So it could be inferred that the degradation behavior 
in this experiment was mainly the biodegradation of 
the strain JW18. 

 
Tolerance of the strain JW18 on 

chlorimuron-ethyl. When the concentration of 
chlorimuron-ethyl was increased from 50mg/L to 
100mg/L, OD600 of strain JW18 would increase 
slightly (Fig.5), the main reason for this phenomenon 
might be that 50mg/L chlorimuron-ethyl was not 
sufficient to meet the strain JW18 demands to carbon 
source and energy source. OD600 would decrease 
gradually when chlorimuron-ethyl concentration 
was increased to 200mg/L, 400mg/L or 800mg/L. 
These results showed that the growth of the strain 
JW18 had be inhibited, but it was still growing. 
Therefore, it was preliminarily considered that the 
strain JW18 could tolerate at least 800mg/L 
chlorimuron-ethyl under the experimental conditions. 
Although the strain JW18 would be significantly 
inhibited by 800mg/L chlorimuron-ethyl, it still 
could effectively degrade chlorimuron-ethyl. 
According to the existing experimental results, it was 
inferred that:  the strain JW18 had good tolerance 
on chlorimuron-ethyl. high-concentration 
chlorimuron-ethyl could influence the growth of the 
strain JW18. the strain JW18 had very strong 
degradation ability to chlorimuron-ethyl, which 
could be used in wider chlorimuron-ethyl 
concentration range. it was possible that the strain 
JW18 was used in the bioremediation of 
chlorimuron-ethyl pollution. The degradation ability 
of the strain JW18 might be closely related with the 
long-term use of chlorimuron-ethyl in farmland soil. 
According to the record, the application history of 
chlorimuron-ethyl in the related farmland was more 
than 6 years. Generally, the edaphon that 
continuously encounter the artificially synthesized 
compound might induce the ability to degrade the 
compound [21,22]. 
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FIGURE 5 

Effect of concentration of chlorimuron-ethyl on 
the growth of strain JW18 
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FIGURE 6 
Effect of concentration of NaCl on the growth of 

strain JW18 
 
Tolerance of the strain JW18 on NaCl. When 

the NaCl concentration was increased from 0.5% to 
4%, OD600 of the strain JW18 was not significantly 
different (P>0.05) (Fig. 6). If the NaCl concentration 
was further increased to 8.0%, OD600 would decrease 
by about 6%, but OD600 value was still at a higher 
level, which showed that the strain JW18 could 
tolerate 8.0% NaCl at least. In addition, there was 
only chlorimuron-ethyl as carbon source in the 
culture medium, to degrade chlorimuron-ethyl 
would be the only means obtained carbon source. 
Thereby, suggesting that strain JW18 could still 
maintain chlorimuron-ethyl degrading ability under 
high salt stress. Moreover, even though NaCl 
concentration was increased to 16%, the strain JW18 
could still maintain growth at low level. So the salt 
tolerance of strain JW18 was above medium degree. 
The salt tolerance of strain JW18 might have some 
relationship with the saline alkali soil of the sampling 
sites. Generally, microorganisms could be induced to 
enhance salt tolerance under sustained osmotic 
pressure stress. The salt tolerance of organism could 
be enhanced usually by two means: osmotic 
adjustment and protein adjustment. 
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FIGURE 7 

The curve on chlorimuron-ethyl degradation in 
the different treated soils 

[(A)-Sterilized soil, (B)-Fresh soil, (C)-Sterilized 
soil + JW18, (D)-Fresh soil + JW18 ] 

 
 
Degradation of chlorimuron-ethyl in soil. 

The results in Fig. 7 showed that it was feasible to 
degrade chlorimuron-ethyl in soil through directly 
applying the strain JW18. To put the strain JW18 in 
soil contained chlorimuron-ethyl could significantly 
improve the degradation rate of chlorimuron-ethyl. 
The degradation rate of chlorimuron-ethyl (50mg/kg) 
in soil adding with the strain JW18 could reach about 
97.0% in 8d, but the degradation rate were only 30.0% 
and 11.8% if no strain JW18. So it was considered 
that the strain JW18 had good survival ability in the 
tested soil and could efficiently degrade 
chlorimuron-ethyl. Compared with sterilized soil, 
faster and more effective degradation of 
chlorimuron-ethyl in fresh soil revealed that some 
natural microorganism in fresh soil were involved in 
biodegradation of chlorimuron-ethyl. In sterilized 
soil, the chlorimuron-ethyl content was also 
decreased by 11.8% in 8d (Fig. 7), which might be 
caused by hydrolysis and photolysis[19,23]. Some 
studies had showed that degradation of chlorimuron-
ethyl or other sulfonylurea herbicides were affected 
by many factors, such as pH, temperature, light, 
microorganism, soil type and fertility[12,20,24]. 
Generally, high temperature and acidic condition 
would accelerate the decomposition of sulfonylurea 
herbicides. 

 
Degradation of chlorimuron-ethyl by the 

microbial preparation containing strain JW18. 
The strain JW18 was added in HaoyangTM microbial 
preparation so as to develop a multifunctional 
microbial preparation. The new preparation 
containing strain JW18 had the original function as 
well as a new function for degrading chlorimuron-
ethyl. (HaoyangTM preparation was a soil conditioner, 
including Bacillus licheniformis, Bacillus 
mucilaginosus, Rhodop seudanonas  
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FIGURE 8 

Degradation of chlorimuron-ethyl by the 
microbial preparation.  [A-microbial 

preparation (HaoyangTM. no strain JW18 ), B-
microbial preparation containing strain JW18, 

C-control ] 
 

palustris, Bacillus thuringiensis and Lactobacillus 
plantarun, etc. Main function were to improve soil 
properties, control crop diseases and pest, and 
promote crop growth.) The experimental results (Fig. 
8) showed that the microbial preparation could 
degrade chlorimuron-ethyl in soil, especially new 
preparation containing strain JW18. The degradation 
rate of chlorimuron-ethyl (50mg/kg) could reach 
above 99.0% by the microbial preparation containing 
strain JW18 in 8d, which should attribute to 
chlorimuron-ethyl degrading bacteria and related 
assistant strains in microbial preparation. In addition, 
it could be considered that some microorganisms in 
HaoyangTM microbial preparation could degrade 
chlorimuron-ethyl or assist to degrade chlorimuron-
ethyl, but its degrading ability was inferior to the 
strain JW18. The concentration of chlorimuron-ethyl 
in control group was also decreased by about 30% in 
8d, which might be caused by chlorimuron-ethyl 
degrading strains in natural soil, and some physical 
or chemical factors.  

The preliminary application result of the 
microbial preparation containing strain JW18 
indicated that it would not bring the adverse 
influence on the growth of crops, also would not 
affect the original function of HaoyangTM microbial 
preparation, which might attribute to edaphology 
source of the strain JW18. In addition, the mutual 
effect and proper match between the degradation 
strains and original strains in microbial preparation 
need further study, especially the complex mutual 
effect should be concerned. On the other hand, 
environmental factors such as physical and chemical 
properties of matrix, nutrition status, pH, 
temperature and biotic factors such inoculum density 
would interfere the accomplishment of any 
bioremediation process [7,9,24-26]. The existing 
research results also indicated that pH, temperature, 
concentration of pesticides and some other factors 

would affect the biodegradation of chlorimuron-
ethyl to a certain extent. Therefore, the specific 
environment conditions still need be paid attention in 
the application research. 

 
 

CONCLUSION 

 
In this study, Bacillus tequilensis JW18 was 

isolated from soil, which could effectively degrade 
chlorimuron-ethyl. In inorganic salt culture medium 
containing 50mg/L chlorimuron-ethyl, the 
degradation rate of chlorimuron-ethyl by strain 
JW18 could reach above 99% in 4d. The appropriate 
pH of strain JW18 was 7.0-7.5, and the appropriate 
temperature was 30-40  (37  was the optimum 
temperature). The strain JW18 also had high 
tolerance to chlorimuron-ethyl and NaCl. It could 
tolerate at least 800mg/L chlorimuron-ethyl and 8.0% 
NaCl. The degradation rate of chlorimuron-ethyl 
(50mg/kg) could reach about 97.0% in 8d through 
applying the strain JW18 directly in the polluted soil. 
It was considered that strain JW18 could be applied 
for bioremediation of chlorimuron-ethyl pollution 
and development of microbial preparation. The 
subsequent researches would focus on the 
degradation mechanism and application of strain 
JW18. It was expected that strain JW18 could be 
utilized for developing multifunctional microbial 
preparation used in pesticides residue degradation, 
farmland soil improvement and crop disease control, 
etc. 
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ABSTRACT 

 
Nitrogen loss has limited the sustainable 

development of tobacco agriculture and led to 
serious non-point pollution in China, especially 
those areas suffered from excessive rainfalls. A study 
on the characters of nitrogen loss under different 
cultural practices was conducted in eastern China. 
The cultural practices were distinguished by 
different nitrogen application methods and different 
cultivated conditions, including CK (no fertilizer 
with no mulching), IF-NM (inorganic fertilizer with 
no mulching), IF-M (inorganic fertilizer with 
mulching), OIF-NM (60% organic+40% inorganic 
fertilizer with no mulching) and OIF-M (60% 
organic+40% inorganic fertilizer with mulching). 
Results showed that the main nitrogen form in the 
runoff waters was NH3

--N. The concentration of 
NH3

--N in runoff waters correlated closely to the 
time of both basal and additional fertilizer 
application. Mulching increased runoff volume by 
12.5% while decreased the NH3

--N concentration, 
overall reduced the accumulative amount of NH3

--N 
and significantly (p<0.05) decreased the amount of 
total N in runoff waters. Combined application of 
organic and inorganic nitrogen fertilizer also reduced 
the concentration of NH3

--N and the amount of NH3
-

-N and total N, but the effectiveness was not as good 
as that of mulching. Mulching combined with the 
organic-inorganic fertilizer application (OIF-M) 
reduced the runoff losses of total N by 50.4%, NH3

--
N by 52.5%, NH4

+-N by 52.9% and the N in other 
forms by 35.9%, and was proved to be optimal in 
decreasing the runoff losses of nitrogen among the 
different treatments. This mainly because that OIF-
M was more conductive to reserve the NH3

--N in 
plough layer and enhance the nitrogen 
mineralization, thus increase the crop nitrogen use 

efficiency. Therefore, we highlight the importance of 
mulching in reducing the nitrogen loss in runoffs and 
recommend similar areas to use organic-inorganic 
compound fertilizer under a mulch-cultivated 
condition. 
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INTRODUCTION 

 
Non-point pollution caused by nitrogen loss 

has become a worldwide environmental problem, 
and has influenced many areas and countries 
including USA [1], Europe[2,3], central Africa[4], 
east and south Asia [5,6,7]. In China, 50% of the 
nitrogen leaching to ground water stems from 
agricultural soils [8]. Therefore, how to decrease the 
nitrogen loss is an urgent issue that must be 
addressed during agricultural production.  

Nitrogen fertilizer is the major cause for the 
loss of large amounts of nitrogen in water [9]. The 
non-point pollution is more serious after nitrogen 
fertilizer application particularly when the 
precipitation occurs [10]. Usually, the non-point 
pollution caused by one time nitrogen fertilizer 
application is long-lasting [11]. Runoff loss is one of 
the major pathways for the loss of fertilizer nitrogen 
[12]. And among the different forms of nitrogen in 
the runoff waters, NH3

--N is the one needs to get 
enough attention [13]. The amount of NH3

--N 
occupied a proportion of more than 30% for the total 
N loss in runoffs [14]. 

Flue-cured tobacco is an important cash crop 
and is significant to the national economy in China 
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[15]. Nitrogen fertilizer is a key factor to regulate the 
quality and yield of the tobaccos [16]. However, 
many tobacco-cultivated areas in China serve the 
yield and economic benefit as the first object, large 
quantities of nitrogen fertilizer had been applied 
during last decades [17]. Excessive nitrogen 
fertilization results in low nitrogen use efficiency, 
increases production costs for farmers, and 
unnecessary large losses of nitrogen causing serious 
environmental problems such as NH3

--N 
contamination in groundwater [18]. In tobacco 
cultivated area of southern China, nitrogen losses 
accounted for 25.1% of the applied fertilizer nitrogen, 
reaching 33.9 kg ha-1, and the amount of NH3

--N loss 
accounted a high proportion of 72.8% for the total 
nitrogen losses [19]. 

In order to control the runoff losses of nitrogen 
from agricultural fields, many methods have been 
applied, including the straw mulching [20], the 
application of slow release fertilizer [21] and organic 
fertilizer [22], the shelter cultivation [23] and so on. 
Although some studies investigate the runoff losses 
of nitrogen under mulching condition or inorganic-
organic fertilizer application, few studies have 
looked into their combined effects in reducing 
nitrogen losses by runoff. In this study, flue-cured 
tobacco K326 was chosen as the plant material, and 
the tobaccos were cultivated under five cultural 
practices which distinguished by different nitrogen 
application methods (inorganic fertilizer and 
organic-inorganic fertilizer) and cultivated 
conditions (mulching and no mulching). The 
objective is to evaluate the effects of mulching, 
organic-inorganic fertilizer application and their 
combination on reducing runoff losses of nitrogen. 
 
 
MATERIAL AND METHOD 

 
Experimental condition. The experiments 

were carried out at the Vegetables (Flowers) 

province, China during the growing season of flue-
cured tobacco from April to August 2014. 

The experimental site belongs to a subtropical 
humid region, with an average annual rainfall of 
approximately 1,107 mm in the rainy season, starting 
from the end of June and continuing until the middle 
of September. However, the average yearly 
evaporation was approximately 1,473 mm. The 
experimental sites also has an annual sunshine 
duration of 2017 hours, an average annual 

temperature of 15.7ºC, a maximum average 
humidity of 81% and a wind speed of 19.8 m s-1.  

The soil type of the experimental fields was 
Alfisoils, with a pH of 6.10, bulk density of 1.36 g 
cm-3, organic matter of 1.212%, available nitrogen of 
116.72 mg kg-1, available phosphorus of 22.10 mg 
kg-1 and available potassium of 158.76 mg kg-1 at 0-
40 cm soil depth. The soils were mixed uniformly 
before the experiment. 
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FIGURE 1 
The experimental plot (one treatment) 

(a) The arrangement of flue-cured tobacco 
plant, (b) The collections of runoffs 

 
 

Treatments and experimental design. The 
total area of the experimental field was 90 m2. The 
experimental fields were slightly leaned in order to 
collect the runoffs more efficiently. Single 
experimental plot for one treatment was shown in 
Fig 1, each plot occupied an area of 2.7×1.2=3.24 m2 
(except for the area of runoff collection pool). Soil 
ridges were established before the experiment, with 
each ridge planting only one line of flue-cured 
tobaccos. The gap between two ridges was 20 cm, 
and the plant-to-plant space of tobaccos was 50 cm. 
Totally two lines of twelve tobaccos were included 
in a single plot as one treatment. At the front of each 
plot, a 60 L runoff collection pool was installed. The 
pools were prefabricated cubic tanks that made of 
plastic, they were buried into the fields prior to the 
experiment. The upside of the pools was in an even 
height with the fields. A PVC conduit with 5 cm 
diameter was employed to induce the runoff waters 
into the collection pools. The water-inlet of the 
conduit was covered with gauze in order to prevent 
the sediments from sneaking into the pools. When 
collecting the runoffs, the upside of the pools was 
covered with plastic board to make them 
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hermetically closed. The covering board only 
reserved a hole that was the same size as the outlet 
of PVC conduit, and the crevice between the hole 
and the conduit was filled by soft rubbers. Moreover, 
at both front and end of the plot, protection boards 
were installed to keep the purity of the runoffs inside 
the treatment (Fig 1). For cutting off the lateral 
seepages, different plots were separated by 80 cm 
depth plastic films. 

The experiment contained five treatments: CK 
(control), IF-NM (inorganic fertilizer with no 
mulching), IF-M (inorganic fertilizer with mulching), 
OIF-NM (organic-inorganic fertilizer with no 
mulching) and OIF-M (organic-inorganic fertilizer 
with mulching), each treatment repeated three times. 
CK was applied with no nitrogen fertilizer, IF-NM, 
IF-M, OIF-NM and OIF-M were all applied with a 
120 kg ha-1 of pure nitrogen. In OIF-NM and OIF-M 
treatment, the proportion of inorganic fertilizer and 
organic fertilizer was 6:4. The inorganic fertilizer 
was consisted of 80% tobacco dedicated inorganic 
fertilizer (produced by Guizhou Institute of Tobacco 
Science, made of urea, potassium phosphate and 
ammonium phosphate, N:P2O5:K2O=1:1:3) and 20% 
sodium nitrate. The type of organic fertilizer 
(produced by Guizhou Institute of Tobacco Science) 
was bio-organic fertilizer with nitrogen content of 
1.5% and organic matter content of 30%. The pure 
nitrogen application amount of IF-NM, IF-M, OIF-
NM and OIF-M were kept the same (Table 1), while 
other fertilizer elements such as phosphorus and 
potassium were not considered. 

Tobacco cultivar K326 was adopted as plant 
material, tobacco seedlings with around six 
expanded leaves were transplanted into the fields at 
April 16. The date of final harvest was August 5. 
Before transplanting, 70% of the fertilizers were 
applied as basal fertilizer, and the remaining 30% 
were applied at 29 DAT (days after transplanted) as 
additional fertilizer. The tobaccos were top pruned 

timely when they entered into the flowering stage. 
Weed control and field management were conducted 
corresponding to the local practice. During the 
growth period of tobaccos, no additional light, heat 
and CO2 were provided. 

 
Soil and plant measurements. The runoff 

waters were collected each time when the runoffs 
generated. The volume of runoff waters were 
measured. Meanwhile, the content of total N, NH3

--
N and NH4

+-N in the waters were determined. After 
the final harvest of tobaccos, the soil samples at 0-
20, 20-40 and 40-60 cm depth were collected to 
determine NH3

--N and NH4
+-N content. Also the 

total N content in the tobacco plants was determined. 
The total N content in runoff waters was 

measured after potassium sulfate oxidation using the 
indophenol blue colorimetry method [24], and the 
total N content in the soil and plant samples were 
measured using the kjeldahl method [25]. The NH3

--
N content was measured using the ultraviolet 
spectrophotometry method [26], and the NH4

+-N 
content was measured using the indophenol blue 
colorimetry method [24].  

The nitrogen amount in other forms (kg ha-1) in 
runoff waters was the total N amount that minus the 
sum of NH3

--N and NH4
+-N amount. 

The nitrogen amount in the tobacco plants 
(Ntobacco, kg ha-1) that sourced from the applied 
fertilizer was calculated as [27,28]: 

Ntobacco=Ntobacco+N-Ntobacco+0 
Where, Ntobacco+N represented the nitrogen 

amount in the tobacco plants with nitrogen fertilizer 
application, Ntobacco+0 represented the nitrogen 
amount in the tobacco plants with no nitrogen 
fertilizer application (CK). 

 
Data analysis. The data were compared 

statistically in SPSS software Version 17.0 [29]. 

 
 

TABLE 1 
Design of the planting methods and nitrogen application 

 

Treatment Planting methods 
Nitrogen application 

amount (kg ha-1) 
Nitrogen formation 

IF-NM No mulching 120 100% Inorganic fertilizer 
IF-M Mulching 120 100% Inorganic fertilizer 
OIF-NM No mulching 120 60% Inorganic fertilizer -40% Organic fertilizer 
OIF-M Mulching 120 60% Inorganic fertilizer -40% Organic fertilizer 
CK No mulching 0 --- 
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RESULT 

 
Precipitation. Fig 2 displays the precipitation 

during the whole growth period of flue-cured 
tobaccos. In this study, the root-extending, vigorous 
and maturity stage approximately correspond to 1-30, 
30-60 and 60-110 DAT. The precipitation amount 
was relatively small but stable in the root-extending 
and vigorous stage, no precipitation more than 20 

mm was appeared during this period. However, the 
precipitation amount increased dramatically in the 
maturity stage, particularly during 68 DAT to 91 
DAT, which reached a high level of 298 mm, 
accounting for 44.0% of the total precipitation 
amount (678 mm). The cause of this phenomenon is 
that Nanjing enters into the plum rain season each 
year beginning from late June, it rains constantly 
until the end of the rain season. 

 
 

 
FIGURE 2 

The precipitation during the growth period of flue-cured tobaccos 
DAT represented the days after transplanted 
 
 

 
FIGURE 3 

The volume of runoff during precipitation period 
IF-NM, IF-M, OIF-NM, OIF-M and CK represented the five treatments of inorganic fertilizer with no mulching, 
inorganic fertilizer with mulching, organic-inorganic fertilizer with no mulching, organic-inorganic fertilizer with 
mulching and control, respectively. Runoff waters were collected twelve times in total, as reflected in the serial 
number. 
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TABLE 2 
Runoff coefficient during the precipitation periods 

 

Serial number 
Precipitation 

duration (DAT) 

Precipitation 

(mm) 

Runoff coefficient (%) 

IF-NM IF-M OIF-NM OIF-M CK 

1 1-5 37 34.5 39.8 32.8 37.6 33.2 

2 9-12 30 36.6 39.9 37.4 40.7 36.1 

3 23-27 46 37.1 42.8 35.3 43.4 36.8 

4 30-31 17 22.6 24.2 22.9 24.1 23.5 

5 37-39 21 23.7 26.8 24.9 27.1 24.3 

6 44-47 38 37.4 44.9 38.3 44.6 38.7 

7 60-62 36 41.3 46.8 43.0 47.2 42.5 

8 64-72 146 56.4 65.7 58.1 64.3 57.5 

9 75-86 161 52.7 61.6 53.8 61.0 53.3 

10 89-91 23 24.7 27.1 25.9 26.6 24.6 

11 98-103 66 37.9 43.7 37.2 42.5 36.8 

12 106-109 33 39.9 42.6 37.9 43.1 38.4 

DAT represented the days after transplanted. IF-NM, IF-M, OIF-NM, OIF-M and CK represented the five 
treatments of inorganic fertilizer with no mulching, inorganic fertilizer with mulching, organic-inorganic fertilizer 
with no mulching, organic-inorganic fertilizer with mulching and control, respectively. 
 
 

Runoff volume and coefficient. The observed 
results of runoff volume for the twelve collection 
times are shown in Fig 3. The detailed duration of 
runoff collection and the coefficient of runoff 
generation are shown in Table 2. The precipitation 
amount for the twelve collection times ranged from 
17-161 mm. For each time of collection, the runoff 
volume correlated closely to the precipitation 
amount, this regularity was particularly evident in 
8th and 9th collections. The precipitation amount for 
8th and 9th collection reached 146 mm and 161 mm 
respectively, and the runoff volume of these two 
times were in a significantly higher level of 82.3-
95.9 mm and 84.9-99.2 mm correspondingly. 
Moreover, the different cultural practices also 
influenced the volume of runoff, the primary impact 
factor was the cultivated condition, while different 
nitrogen fertilizer application methods had no clear 
effects on the runoff volume and coefficient. In the 
mulching treatments, the runoff volume under 
treatments of inorganic and organic-inorganic 
nitrogen application were increased respectively by 
6.8-20.1% and 2.7-22.9%, and by 13.2% and 11.8% 
in average. 

 
The accumulative amount of NH3

--N and the 
NH3

--N concentration in runoff waters. The NH3
--

N concentration in runoff waters is shown in Fig 4. 
The NH3

--N concentration by the 1st collection was 
the highest, reaching 11.7-28.3 mg L-1 under the 
different cultural practices. Between the 1st and 3rd 

collection, the NH3
--N concentration overall 

presented a decline trend, while it increased in the 
4th collection, which were increased to a range of 
12.6-23.2 mg L-1 under different treatments (except 
CK). After that, the NH3

--N concentration decreased 
irregularly and obtained the lowest values of 1.2-4.2 
mg L-1 with different treatments in the 12th 
collection. In general, NH3

--N concentration in 
runoff waters of different treatments were in 
descending order as IF-NM OIF-NM IF-M
OIF-M CK, this regularity was reflected clearly in 
the 1st, 2nd, 3rd, 4th, 6th, 8th, 9th, 11th and 12th 
collections. Under the condition of no-mulching and 
mulching, the application of organic-inorganic 
nitrogen fertilizer decreased the NH3

--N 
concentration by 16.6% and 31.3% respectively 
when compared to only inorganic nitrogen fertilizer 
application. Under the application of inorganic and 
organic-inorganic nitrogen fertilizer, mulching 
decreased the NH3

--N concentration by 35.8% and 
46.7% respectively when compared to no-mulching. 

The accumulative amount of NH3
--N in runoff 

waters increased slowly during the previous seven 
collection times (Fig 5), and the increase extent were 
similar among the different cultural practices. 
However, in 8th collection, the accumulative amount 
of NH3

--N increased noticeably, and the differences 
among the treatments became manifest. After the 9th 
collection, the increase of accumulative amount of 
NH3

--N tended to be stably. The accumulative 
amount of NH3

--N in the runoff waters were 4.9-29.7 
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kg ha-1 with different treatments in the 12th 
collection. Among the treatments of cultural 
practices, the no-mulching treatments of IF-NM and 
OIF-NM detected an obvious higher accumulative 
amount of NH3

--N in comparison with the mulching 
treatments of IF-M and OIF-M. Besides, under the 
same cultivated condition, accumulative amount of 
NH3

--N with the organic-inorganic nitrogen fertilizer 
application were found lower when compared to the 
only application of inorganic nitrogen fertilizer. 

 

Amount of nitrogen loss with different forms 
in the runoff waters. The total N loss along with the 
runoff waters were 16.8-33.9 kg ha-1 under different 
cultural practices (Table 3), and the total N loss 
originating from fertilizers were approximately 
10.1-27.2 kg ha-1. This meant that 8.4-22.7% of the 
applied nitrogen was lost along with the runoffs. 
Among the total lost nitrogen, NH3

--N occupied a 
maximum proportion of 73.1-87.6%, N in other 
forms occupied a proportion of 11.5-23.9%, while 
NH4

+-N occupied the lowest proportion of 0.9-2.7%. 
 

FIGURE 4 
The NH3

--N concentration in runoff waters 
IF-NM, IF-M, OIF-NM, OIF-M and CK represented the five treatments of inorganic fertilizer with no mulching, 
inorganic fertilizer with mulching, organic-inorganic fertilizer with no mulching, organic-inorganic fertilizer with 
mulching and control, respectively. Runoff waters were collected twelve times in total, as reflected in the serial 
number. 
 

FIGURE 5  
The accumulative amount of NH3

--N in runoff waters 
IF-NM, IF-M, OIF-NM, OIF-M and CK represented the five treatments of inorganic fertilizer with no mulching, 
inorganic fertilizer with mulching, organic-inorganic fertilizer with no mulching, organic-inorganic fertilizer with 
mulching and control, respectively. Runoff waters were collected twelve times in total, as reflected in the serial 
number. 
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TABLE 3 
The amount of nitrogen loss in runoff waters with different forms 

 

Treatment 
Total N 
(kg ha-1) 

NH3
--N 

(kg ha-1) 
NH4

+-N 
(kg ha-1) 

Mineral N 
(kg ha-1) 

N in other 
forms (kg ha-1) 

IF-NM 33.9±3.9a 29.7±1.8a 0.34±0.09a 30.0±1.4a 3.9±0.7a 
IF-M 23.5±3.4b 20.2±2.4b 0.21±0.06ab 20.4±2.6b 3.1±0.4ab 

OIF-NM 27.3±3.1b 23.6±2.0b 0.29±0.05ab 23.9±2.2b 3.4±1.1ab 
OIF-M 16.8±2.0c 14.1±1.5c 0.16±0.04b 14.3±1.7c 2.5±0.3b 

CK 6.7±0.6d 4.9±0.5d 0.18±0.04b 5.1±0.6d 1.6±0.3c 

IF-NM, IF-M, OIF-NM, OIF-M and CK represented the five treatments of inorganic fertilizer with no mulching, 
inorganic fertilizer with mulching, organic-inorganic fertilizer with no mulching, organic-inorganic fertilizer with 
mulching and control, respectively. Each value is the mean ± SD (n =3). Means followed by the same letter (a, b, 
c) do not differ significantly at the 0.05 leve
 
 

Both the mulching and the application of 
organic-inorganic nitrogen fertilizer significantly 
(p<0.05) decreased the loss of total N and NH3

--N in 
runoff waters. Compared to IF-NM, OIF-M 
decreased the loss of total N and NH3

--N by 50.4% 
and 52.5% respectively. However, the loss of NH4

+-
N and N in other forms were not significantly 
(p>0.05) influenced by the single use of the 
mulching or the organic-inorganic nitrogen fertilizer 
application, but were significantly (p<0.05) by the 
combined use of them. OIF-M decreased the loss of 
NH4

+-N and N in other forms by 52.9% and 35.9% 
respectively, when compared to IF-NM. 

 
Content of NH3

--N and NH4
+-N in different 

soil layers. Fig 6-a shows the NH3
--N content in 

different soil layers. The NH3
--N content in soils 

applied with nitrogen fertilizer was significantly 
(p<0.05) higher than that with no nitrogen fertilizer 
(CK). Under the same fertilizer application method, 
mulching significantly (p<0.05) increased NH3

--N 
content in the plough layer (0-20 cm), and by 33.8% 
and 39.1% with the application of inorganic and 
organic-inorganic nitrogen fertilizer, respectively. 
Under the same cultivated condition, the application 
of organic-inorganic nitrogen fertilizer also 
significantly (p<0.05) increased NH3

--N content in 
the plough layer, and was by 13.2% and 20.1% under 
the condition of no-mulching and mulching. The soil 
NH3

--N content in the mulching treatments of IF-M 
and OIF-M decreased with the depth of soil layer. 
However, soil NH3

--N content in IF-NM treatment 
presented an increasing trend, reaching maximum in 
the 40-60 cm soil layer. Besides, the soil NH3

--N 
content in OIF-NM treatment increased first then 
decreased, which reached highest value in the 20-40 
cm. Overall, the different cultural practices mainly 
affected NH3

--N content in the relatively shallower 

soil layer. 
Fig 6-b shows the NH4

+-N content in different 
soil layers. Although the NH4

+-N content in the 
plough layer increased slightly under those 
treatments with mulching and organic-inorganic 
nitrogen fertilizer application, but the differences 
among different treatments were not significant 
(p>0.05). Similarly, the treatments also had no 
significant (p>0.05) effects on the NH4

+-N content in 
the 20-40 cm soil layer. Moreover, it could be found 
that the NH4

+-N content distributed evenly in 
different soil layers. 

 
 

DISCUSSION 

 
In our study, precipitation amount was the 

primary impact factor of the runoff generation, a 
significant correlation between precipitation amount 
and runoff amount was detected (Fig 7). This agrees 
with Huang's [30] findings that rainfall regimes 
which have such features as high intensity, short 
duration and high frequency produce more runoff. 
Different methods of nitrogen fertilizer application 
had no clear effects on the runoff volume. However, 
mulching obviously increased the runoff volume 
under both the inorganic and the organic-inorganic 
fertilizer treatments (by 13.2% and 11.8%, 
respectively), which confirmed the results of the 
earlier studies [31,32,33]. Moreover, the observed 
results (Table 2) also proved that mulching could 
increase the runoff coefficient and accelerate the 
runoff generation, particularly during the high-
intensity precipitation process. The study carried out 
by Zhang [34] indicated that the wide-plastic-mulch 
treatment significantly (P < 0.05) reduced runoff 
compared to the narrow-plastic-mulch treatment. 
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(a) 

(b) 
FIGURE 6 

 The content of NH3
--N and NH4

+-N in different soil layers 
IF-NM, IF-M, OIF-NM, OIF-M and CK represented the five treatments of inorganic fertilizer with no mulching, 
inorganic fertilizer with mulching, organic-inorganic fertilizer with no mulching, organic-inorganic fertilizer with 
mulching and control, respectively. Each value is the mean ± SD (n =3). Means followed by the same letter (a, b, 
c) do not differ significantly at the  
 

 
FIGURE 7 

Relationship between the volume of 
precipitation and runoff 

 
The high concentration of NH3

--N in runoff 
waters that observed at the 1st collection mainly 
caused by the applied basal fertilizer. And at the 4th 
collection, NH3

--N concentration was detected to 
present an obvious rising trend. It should be noticed 
that the 4th collection was carried out from 30 to 31 

DAT, which was the closest to the date of additional 
fertilizer application (29 DAT). This information 
suggested that the NH3

--N concentration in our study 
mainly decided by the time of both basal and 
additional fertilizer application. Similar study by 
Moriasi [35] pointed out that the reduction in 
nitrogen application rate yielded great reduction in 
NO3

--N losses. Also the study by Davis [36] 
indicated that runoff soon after fertilizer application 
resulted in highest losses of the soluble nitrogen. 
However, no obvious relationship was found 
between precipitation amount and the NH3

--N 
concentration.  

Our study found a satisfactory decreasing-
effect of NH3

--N concentration under the mulching 
condition, this agrees with the findings of Yagioka 
[37]. Although the organic-inorganic nitrogen 
fertilizer application also decreased the 
concentration of NH3

--N in runoff waters, the 
effectiveness was not better than that of mulching. 
Coupling effects of mulching and organic-inorganic 
nitrogen fertilizer application (OIF-M) was the 
optimal in decreasing NH3

--N concentration 
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compared to other cultural practices. These 
regularities indicated that mulching was the first 
choice to control NH3

--N concentration, where 
possible, organic-inorganic compound fertilizer 
should be adopted to reach a better decreasing effect. 
The accumulative amount of NH3

--N at 8th 
collection increased dramatically, indicating that a 
higher volume of runoff water resulted in higher 
NH3

--N loss. The 9th observation on the runoff 
losses of NH3

--N also supported this conclusion. 
Judging by the comparative results on the 

amount of nitrogen in the different forms (Table 3), 
NH3

--N occupied a maximum proportion of more 
than 70% for the total loss of nitrogen, which 
highlight the importance of nitrate nitrogen fertilizer 
application and management. Differences of the 
amount of NH4

+-N in runoff waters under different 
cultural practices were not as significant as that of 
NH3

--N, while the NH4
+-N was also significantly 

(p<0.05) decreased by OIF-M (compared to IF-NM), 
as well as the N in other forms. This reflected that 
OIF-M had advantages in reducing runoff losses of 
nitrogen for the different forms. 

Precipitation in our study distributed unevenly 
during the whole growth period. The amount of 
precipitation during maturity stage accounted for 
nearly half of the total amount. Although this was 
unfavorable for the growth, development and 
maturation of the tobaccos, it was beneficial for 
reducing runoff losses of nitrogen since fertilizations 
were conducted in the early growth period which 
dodged the heavy precipitation in maturity stage. 
Our study found that 8.4-22.7% of the applied 
nitrogen was lost along with the runoffs, the 
proportion was less than that in the similar study 
conducted by Wang [38], mainly because that high-
intensity precipitation occurred during the period of 
fertilization in Wang's experiment. Our study 
revealed that mulching could decrease the runoff 
losses of nitrogen, which could be explained by two 
reasons: firstly, mulching reduced the opportunity of 
the fertilizer nitrogen that exposed to runoffs; 
secondly, mulching increased the nitrogen amount 
that absorbed by tobaccos (Fig 8), indirectly 
reducing the nitrogen loss. Previous studies showed 
that mulching could improve the micro-environment 
of root zone thus provide a favorable condition for 
crop [39]. Meanwhile, mulching also resulted in 
higher mineralization of nitrogen [40] and less 
leaching of mineral nitrogen [41], consequently 
increased the nitrogen use efficiency of crops. 
Besides, in our study, application of inorganic-
organic fertilizer also increased the absorbed amount 

of fertilizer nitrogen by crops (Fig 8) and reduced 
total nitrogen loss (Table 3), similar results were also 
obtained by the experiment conducted in the 
tobacco-cultivated area of southern China [42]. 
Possibly, the organic inorganic compound fertilizer 
application promoted soil biological activity, 
enhanced the soil microbial biomass [43], thus 
increased nitrogen amount that immobilized by 
microorganisms [44]. The study in Taihu Lake basin 
of China showed that the application of organic 
fertilizer reduced the nitrogen runoff loss by 15.70
18.14% compared to conventional fertilizer 
application, and organic inorganic compound 
fertilizer reduced nitrogen runoff loss by 27.37
36.27% compared with conventional fertilizer [45]. 
Zhang [46] reported that the combined application of 
arbuscular mycorrhizal fungi and normal fertilizer 
was observed to reduce nitrogen runoff by 27.2%. 

 
 

 
FIGURE 8 

Fertilizer nitrogen amount that absorbed 
by tobacco plants with different treatments 

 
IF-NM, IF-M, OIF-NM, OIF-M and CK represented 
the five treatments of inorganic fertilizer with no 
mulching, inorganic fertilizer with mulching, 
organic-inorganic fertilizer with no mulching, 
organic-inorganic fertilizer with mulching and 
control, respectively. Each value is the mean ± SD (n 
=3). Means followed by the same letter (a, b, c) do 
not differ significantly at the 0.05 level, according to 

  
Mulching increased NH3

--N content (Fig 6) in 
plough layer, and effectively prevent NH3

--N from 
moving into the deeper soil layer, while which had 
no clear effects on the NH4

+-N content. The 
application of organic-inorganic nitrogen fertilizer 
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could also increased the NH3
--N content in plough 

layer, but it had little influences on the profile 
distribution of both NH3

--N and NH4
+-N. Demurtas 

[47] noted that the NH3
--N leaching in autumn

winter could not be easily controlled by nitrogen 
fertilizer management because it was mainly 
associated to the natural water surplus and the low 
nitrogen uptake from the winter crop. 

In the tobacco-cultivated areas of eastern and 
southern China, ridge planting was a common 
cultivation method for the flue-cured tobaccos. 
However, large quantities of fertilizer nitrogen that 
leached into the ditch were lost with the runoff 
waters, resulting in a low nitrogen use efficiency and 
serious environmental problems [48]. Our study 
proved that single application of mulching or 
organic-inorganic fertilizer could effectively reduce 
the runoff losses of nitrogen, while combined use of 
mulching and organic-inorganic nitrogen fertilizer 
application obtained the optimal effects. Our 
experiment was carried out in eastern China, where 
has a subtropical climate. Similar studies related to 
the climate factors needs to be conducted in the 
future. 

 
 

CONCLUSION 

 
The main nitrogen form in runoff waters was 

NH3
--N. The concentration of NH3

--N in runoff 
waters correlated closely to the time of both basal 
and additional fertilizer application. Mulching 
increased the runoff volume by 12.5% while 
decreased the NH3

--N concentration, overall reduced 
the accumulative amount of NH3

--N and 
significantly (p<0.05) decreased the amount of total 
N in runoff waters. The combined application of 
organic and inorganic nitrogen fertilizer also reduced 
the concentration of NH3

--N and the amount of NH3
-

-N and total N, but the effectiveness was not as good 
as that of mulching. Mulching combined with the 
organic-inorganic fertilizer application (OIF-M) 
reduced the runoff losses of total N by 50.4%, NH3

--
N by 52.5%, NH4

+-N by 52.9% and the N in other 
forms by 35.9%, and was proved to be optimal in 
decreasing the runoff losses of nitrogen among the 
different treatments. This mainly because that OIF-
M was more conductive to reserve the NH3

--N in 
soils and increase crop nitrogen use efficiency. 
Therefore, we highlight the importance of mulching 
in reducing the nitrogen loss in runoffs and 
recommend similar areas to use organic-inorganic 
compound fertilizer under a mulch-cultivated 

condition. 
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ABSTRACT 
 

Mangrove forests provide important ecological 
services, and play a critical role in global carbon 
cycling. Although temporal changes in ecosystem 
carbon storage have   been assessed in upland forests, 
there has been a lack of scientific evaluation of such 
change in mangrove forests. In this study, in order to 
overcome the shortage of soil organic carbon (SOC) 
data for estimating SOC storage, a simple linear 
regression equation between vegetation biomass and 
SOC density (R = 0.697, P < 0.01, N = 39) was 
derived to quantify the change of ecosystem carbon 
storage by combining field measurements with data 
from the published literature. Significant correlation 
was found between vegetation biomass and SOC 
concentration of the surface soil layer in the 
mangrove forests. Ecosystem carbon storage 
increased from 1037.55 Gg in 1990 to 1449.96 Gg in 
2010, with an average carbon accumulation of 
111.53 Gg/year in the mangrove forests along the 
Chinese coast. Ecosystem carbon density increased 
from 280.56 t/ha in 1990 to 299.14 t/ha in 2010, with 

Average carbon accumulation rate in the soil 
accounted for more than 80% of the total carbon 
accumulation rate. Mangrove forests accumulate 
more ecosystem carbon in comparison with other 
types of forests located at the same latitudes. Our 
results suggest that afforestation and reforestation 
will increase carbon sequestration in the mangrove 
forests along the Chinese coast, as both vegetation 
carbon and SOC storage increased in association 
with biomass growth.  

 
 
KEYWORDS: 
mangrove forest, ecosystem carbon storage, soil organic 
carbon (SOC), carbon accumulation, Chinese coast 
 
 

 
 
 

INTRODUCTION 
 
Carbon storage and fluxes of mangrove forests 

have attracted worldwide attention because of their 

carbon cycle [1, 2]. This reflects the fact that 
mangrove forests are responsible for about 10% of 
the global organic carbon burial and export [3] whilst 

continental surface [4]. Moreover, their ecosystem 
carbon stocks (both accumulated in vegetation 
biomass and soil) are among the highest of any forest 
type [5]. Since mangrove forests exchange large 
amounts of CO2 with the atmosphere through 
respiration and photosynthesis, they have a large 
potential to sequester significant amounts of CO2 in 
both vegetation biomass and soil [6-8]. Obviously, 
estimates of temporal changes in ecosystem carbon 
storage are useful for understanding carbon 
dynamics associated with forest changes or land-use 
conversion [9, 10]. However, most of the studies on 
ecosystem carbon storage have been targeted at 
terrestrial forest ecosystems [11, 12], rather than 
mangrove forests. This is because current 
approaches to quantifying the temporal changes in 
ecosystem carbon storage through field survey are 
very laborious, time-consuming and destructive 
[13].  

Mangrove forests are mainly located along 
tropical and subtropical coastlines. As a result of 
conversion to other uses around the world, mangrove 
forests have been dramatically degraded and their 
area has been substantially reduced [14]. The annual 
areal loss rate of mangrove forests is estimated at 
around 1%~2%, and this rate exceeds the 
deforestation rates of inland tropical forests [2]. In 
China, mangrove forest area decreased from 50, 000 
ha to 17, 874 ha as a result of long-term land 
reclamation, aquaculture, and port and wharf 
construction in the last century [15]. Since the 
important ecological and economic values of 
mangrove forests were recognized by the Chinese 
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Conservation Action Plan has increased mangrove 
conservation areas [16]. It is expected that protection 
of the mangrove forests over last two decades will 
have positive effects on the biological environment 
(e.g. increasing of ecosystem carbon storage). 
Quantification of these impacts will provide 
important guidelines for designing future protection 
strategies to increase ecosystem carbon storage [6].  

Temporal changes in forest ecosystem carbon 
storage have usually been studied using data from 
the national forest and soil surveys in China, based 
on the continuous biomass expansion factor (BEF) 
method in association with the Geographic 
Information System (GIS) [17-19]. Ironically, both 
BEF and GIS methods cannot be used to identify the 
carbon dynamics of mangrove forests because 
mangrove forests were excluded from national forest 
and soil survey in China [4]. Consequently, little is 
known about carbon storage in the mangrove forests 
of South China, which has limited our capacity for 
evaluating the carbon budget at the national scale 
[19]. Fortunately, analysis of published data 
combined with additional field-sampling data can be 
considered an effective method for estimating the 
carbon storage or carbon dynamics in mangrove 
forests at the global or regional scale [4, 14].  

Previous studies have shown that soil organic 
carbon (SOC) content was positively correlated with 
vegetation biomass in both upland forests and 
mangrove forests [7, 20]. It was also noted that there 
was insufficient SOC data to estimate SOC storage 
and dynamics in China for mangrove forests. 
Consequently, in this study, a linear regression 
equation was built using data from direct field 
measurement of vegetation biomass and SOC 
density in mangroves along the Chinese coastline. 
This linear regression equation was used to 
overcome the shortage of SOC data for estimating 
SOC storage in mangroves. Thus, national 
ecosystem carbon storage (vegetation biomass 
carbon plus SOC) and its dynamic changes in 
mangrove forests in China could be estimated using 
the empirical regression equation. This would be 
helpful for evaluating the effectiveness of the 
Governments afforestation efforts and designing 
future management policy for mangrove forests in 
China. 
 

 
MATERIALS AND METHODS 

 
Description of mangroves along Chinese 

coast. The area of interest includes the mangrove 
forests of Taiwan and Zhejiang, Fujian, Guangxi, 

Guangdong and Hainan provinces along the 
Chinese coast (extending from 18°N to 30°N, as 
shown in Fig. 1). There are thirty-eighth mangrove 
species documented, representing 20 families and 25 
genera with thermophile eurytopic species being the 
dominant components [15]. Species richness is 
higher in the lower-latitude provinces than in the 
higher-latitude provinces (Table 1). Since the 1990s, 
the Chinese government has made a huge effort to 
restore mangrove forest in order to construct a green 
screen along the coastline [7], and thus the area of 
mangrove forest has been increased from 17874 ha 
in 1990 to 23413 ha in 2010. According to the 
National Mangrove Resource Inventory Report in 
2002 [21], the main mangrove species are Avicennia 
marina, Aegiceras corniculatum, Kandelia obovata, 
Rhizophora stylosa, Bruguiera gymnorrhiz, 
Bruguiera sexangula, Sonneratia caseolares, 
Sonneratia apetala, respectively. These mangrove 
species accounted for more than 80% of mangrove 
area. Most of the mangrove forests are monospecific 
communities [4] and the proportion of different 
mangrove communities is shown in Fig 2. 

 
Data source. Data with lower-case letters a, b 

and c were collected from [15], [22] and [23], 
respectively; Data with lower-case letters d and e 
give the number of field sampling sites in 1990 and 
2010, respectively. 

Data on the various mangrove forest 
communities were collected from four sources, 
namely: 1) published vegetation biomass and SOC 
data in the literature, 2) data collected and measured 
by ourselves for this study in both 1990 and 2010, 3) 
SOC data estimated using the regression equation 
between SOC density and vegetation biomass, and 
4) the National Mangrove Resources Inventory 
Report of 2002. The National Mangrove Resources 
Inventory Report of 2002 was used to estimate the 
proportion of the dominant community types, as 
mentioned above. Ecosystem carbon storage 
includes carbon accumulated in both the vegetation 
biomass and soil. The first source on ecosystem 
carbon storage of mangrove forests in China was 

The second source, a direct forest inventory was 
carried out by this study. Using either previously 
published data or measured data from the forest 
inventory for the different mangrove communities, a 
regression equation was built to estimate the SOC 
density according to vegetation biomass and which 
will be discussed in more detail in section 2.4. The 
number of field sampling sites for 1990 and 2010 
respectively, are given in Table 1. 
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FIGURE 1  
Mangrove distribution in six provinces (Taiwan, Zhejiang, Fujian, Guangxi, Guangdong and Hainan) 

along the Chinese coast 
 
 

 
 

FIGURE 2  
The proportion of different mangrove communities along the Chinese coast 

 
 
Field investigation and laboratory analysis. 

Similar to the assessment of upland forest ecosystem 
carbon dynamics, both geographical and species 
factors were taken into consideration in the sampling 
design for fieldwork [4]. In April of 2012 and 2013, 
at least three quadrats were established at each 
sampling site. Both aboveground and belowground 
biomass and SOC density were measured in each 
quadrat. The final data base include 291 sites for 
biomass measurement (147 sites were sampled in 
this study, and the others were reported, and derived 
from, the literature), and 96 sites for SOC 
measurement (30 sites were sampled in this study, 
and the others were reported in the literature).  

At the 147 sites sampled for biomass in this 
study, 10 m×10 m quadrats were established to 
determine the structures and standing biomass of the 
different mangrove communities. Within each 
quadrat, all trees were identified and the number of 
trees of each species and tree height were recorded. 
Tree diameter of S apetala and S. caseolaris was 
measured at the breast height 1.3m (DBH). Stem 
basal diameter (Do) of A. marina, A. corniculatum, 
K. obovata and B. gymnorrhiz was measured. DBH 
of R. stylosa was measured above the highest prop-
root when this grew from the stem at a height over 
1.3 m [7]. Species-specific allometric equations as 
shown in [4] were used to determine the 
aboveground and belowground biomass of different  
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TABLE 1  
Mangrove species, area and number of field sampling sites used for the determination of vegetation 

biomass and SOC. 
 

Location 
Area (ha) Number of 

species 

Number of sites from which biomass and soil 
organic carbon data were obtained 

1990a 2010b Biomass SOC 
Hainan Province 4836 3930 38 16d+6e 15 e 
Guangdong 
Province 

7787 9414 23 32d +150e 49 e 

Guangxi Province 4523 8375 19 21d 7d +5e 
Fujian Province 260 912 18 11d +34e 4d +2e 
Zhejiang Province 8.4 22 19 3e  
Hong Kong 276 380 16  1e 
Macau 64 60 8   
Taiwan Province 120 320c 19 4d  
Total 17874 23413 38 277 83 

 
 
mangrove species. Different mangrove forest 

types have differing conversion rates between 
biomass and carbon density because of various 
factors such as community composition, age 
structure, stand origins, and so on. These conversion 
rates usually range from 0.41 to 0.48 [24, 25] and 
this study calculated a conversion rate of 0.45. 

At the same time as the biomass survey, soil 
samples were collected to determine SOC 
concentration and SOC density using a stainless steel 
corer of 5 cm diameter. Within each plant quadrat, 
three soil samples were collected from each 10-cm 
layer for the top 50 cm (five layers), while 50-70 cm 
and 70-100 cm soil layers were also sampled. For 
each soil sample, soil bulk density was calculated as 
the ratio of soil dry weight to the soil 
volume. The soil samples were air dried and then 
three soil samples collected from the same quadrat, 
were mixed and sieved to 0.15 mm after plant 
residues, including roots, were sorted out. SOC 
concentration was determined by wet combustion 
with K2Cr2O7 [26]. Average density of soil organic 
carbon (SOCD) for the top 100 cm of the soil profile 
was estimated using the following formula: 

10/%)1(iS
1

iCiiOCD
n

i            (1) 
Where n denotes the number of soil layers 

involved, i  is the gravel content (>2mm) in the 
soil layer i, i signifies the bulk density of the soil 
layer i (g·cm-3), Ci represents the organic carbon 
concentration in the soil layer i (g·kg-1), and Ti 
stands for the thickness of the soil layer i (cm). 

 
Building a regression equation between 

vegetation biomass and SOC.The aforementioned 
data on vegetation biomass, SOC concentration and 
SOC density were statistically analyzed by the 
software SPSS 19.0. Regression equations and their 
coefficients of correlation between SOC density and 

vegetation biomass were used to determine the SOC 
density where only vegetation biomass was 
measured in this and previous studies. Coefficients 
of correlation between SOC concentration and 
changes of vegetation biomass and latitude were also 
determined. Other statistical characteristics of the 
collected data base, such as the mean and standard 
deviation, were also analyzed using SPSS 19.0 
software. 

 
Estimated ecosystem carbon density and 

ecosystem carbon storage for China. Biomass 
carbon density (BCD) plus SOC density (SOCD) 
was used to determine the ecosystem carbon density 
(ECD) of each mangrove community. Thus, 
ecosystem carbon storage (ECS) was estimated 
using the following formula:  

SBCDSOCDECS
                    (2) 

Where S signifies the area of different forest 
communities. Although ecosystem carbon density 
may be affected by both the geographical location 
and community types [7], only the effect of different 
community types was taken into consideration in this 
study. 

 
 

RESULTS 
 
Regression equation between vegetation 

biomass and SOC. As vegetation biomass 
experiences growth, both SOC concentration and 
SOC density also increase (Fig. 3 and Fig. 4). It is 
shown in Fig. 3, that the SOC concentration of the 
surface soil layer was positively correlated with 
aboveground biomass, belowground biomass and 
total vegetation biomass. Their Pearson Correlation 
Coefficients were close to or more than 0.7 (P < 0.01, 
N = 116). A similar result was also found between 
total vegetation biomass and SOC density of the 0-
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100 cm soil layer (Fig. 4). The derived linear 
regression relating SOC density (Y) to vegetation 
biomass (X) was Y = 0.565X + 143.185 (R = 0.697, 
P < 0.01, N = 39). These results confirm that 
increasing vegetation biomass by reforestation and 
protection is an important way to increase ecosystem 
carbon sequestration along Chinese coastal areas.
  

 

 
 

FIGURE 3 
Relationships between vegetation biomass (total 

biomass, belowground and aboveground 
biomass) and SOC concentration of the surface 

soil layer 

 
 

FIGURE 4 
Relationship between total vegetation biomass 

and SOC density of the 0-100 cm soil layer 
 
 
Change of vegetation carbon. As shown in 

Table 2, biomass carbon density varied among the 
different mangrove communities. The B. sexangula 
community had the highest mean biomass carbon 
density followed by the R. stylosa community, whilst 
the lowest mean carbon biomass density occurred in 
the S. caseolares community. To some degree, 
average biomass carbon density of the different 

mangrove communities increased with time, 
which is to say from 1990 to 2010 (Table 2). The R. 
stylosa and B. gymnorrhiz communities had 
relatively higher rates of increase in biomass carbon 
density than did the other mangrove communities, 
and their biomass carbon density increased from 
99.15 t/ha and 40.84 t/ha in 1990 to 124.35 t/ha and 
71.40 t/ha in 2010, respectively. Table 2 shows that 
carbon storage accumulated in biomass, increased 
from 1037.55 Gg in 1990 to 1449.96 Gg in 2010, 
while forest area increased from 17874 ha to 23413 
ha (Table 1). The biomass carbon storage of the A. 
marina, A. corniculatum, K. obovata and R. stylosa 
communities accounted for almost 70% of the whole 
vegetation biomass carbon storage during the study 
period. The average biomass carbon accumulation 
rate was 20.62 Gg/year. Average vegetation carbon 
density of all communities increased from 61.78 t/ha 
in 1990 to 65.32 t/ha in 2010, with an average carbon 

 
 
Change of SOC. Generally, SOC density 

varied among the different mangrove communities 
and also, in general, increased with time (Table 3). 
More specifically in 2010, the B. sexangula 
community had the highest mean SOC density, 
followed by the R. stylosa and S. caseolares 
communities. The S. caseolares community had the 
highest increase rate of SOC density for the period 
1990 to 2010 compared to the other mangrove 
communities, followed by the B. gymnorrhiz and A. 
corniculatum communities (see Table 3 for the data). 
In comparison with vegetation biomass carbon, SOC 
density had a relatively higher accumulation rate. It 
is shown in Table 3 that carbon accumulated in the 
soil, increased from 3710.46 Gg in 1990 to 5528.61 
Gg in 2010. The SOC storage of the A. marina, A. 
corniculatum, K. obovata and R. stylosa 
communities accounted for more than 70% of all 
SOC storage during this study period. The average 
accumulation rate reached 90.91 Gg/year whilst the 
average SOC density of all communities increased 
from 218.48 t/ha in 1990 to 233.82 t/ha in 2010, with 

 
 
Change of ecosystem carbon. According to 

the formula (2), ecosystem carbon storage in the 
mangrove forest along the coast of China increased 
greatly from 4748.01 Gg in 1990 to 6978.57 Gg in 
2010. Vegetation biomass carbon storage accounted 
for 21.85% and 20.78 % of ecosystem carbon storage 
in 1990 and 2010, respectively. Average 
accumulation rate of ecosystem carbon was 111.53 
Gg/year and SOC accounted for 81.51% of the 
carbon accumulation in these Chinese mangrove 
forests. During the study period, ecosystem carbon 
density increased from 280.56 t/ha in 1990 to 299.14 
t/ha in 2010, with an average carbon uptake of 0.93 
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TABLE 2 
Change of vegetation biomass carbon storage between 1990 and 2010 for the different mangrove 

ecosystems along the Chinese coast (mean ± standard deviation) 
 

Forest type 
number of data 

Biomass carbon density 
(t/ha) 

Carbon storage of different years in 
biomass (Gg) 

1990 2010 1990 2010 1990 2010 

A. marina 14 58 27.17±24.88 35.12±14.96 144.23±132.08 244.21±104.03 
A. corniculatum 10 17 39.14±20.93 42.54±20.64 125.93±67.34 179.28±86.98 
K. obovata 34 47 79.33±37.82 57.86±30.28 216.95±103.43 207.27±108.47 
R. stylosa 6 18 99.15±59.37 124.35±52.17 230.39±137.95 378.48±158.79 
B. gymnorrhiz 6 20 40.84±12.74 71.40±35.10 21.90±6.83 50.15±24.65 
B. sexangula 2 3 187.99±1.62 187.61±1.33 10.08±0.09 13.18±0.09 
S. caseolares 5 5 19.84±4.40 19.51±4.34 6.74±1.49 8.68±1.93 
S. apetala 2 21 71.17±58.84 79.40±37.85 1.27±1.05 1.86±0.89 
others 5 5 83.79±30.99 83.79±30.99 280.06±103.58 366.85±135.68 

Total 84 194 61.78±45.75 65.32±41.26 1037.55±142.00 1449.96±141.54 

 
TABLE 3 

Change of SOC density and storage between 1990 and 2010 for mangrove ecosystems along the Chinese 
coast (mean ± standard deviation) 

 

Forest type 
number of 
data 

SOC density (t/ha)  Carbon storage of different years in 
soil (Gg) 

1990 2010 1990 2010  1990 2010 

A. marina 14 65 166.13±39.37 195.93±49.79 881.91±209.00 1362.43±346.22 
A. corniculatum 12 28 187.89±30.62 235.76±40.67 604.50±98.51 993.57±171.40 
K. obovata 34 63 239.42±51.54 206.61±50.52 654.75±140.95 740.12±180.97 
R. stylosa 6 27 293.18±76.97 289.03±103.91 681.24±178.85 879.72±316.27 
B. gymnorrhiz 6 23 199.80±26.38 247.96±57.18 107.14±14.15 174.16±40.16 
B. sexangula 2 3 379.21±2.04 399.48±35.12 20.33±0.11 28.06±2.47 
S. caseolares 5 4 168.10±5.52 401.19±94.06 57.09±1.87 178.47±41.84 
S. apetala 2 26 232.54±73.88 229.42±63.76 4.16±1.32 5.37±1.49 
others 5 5 209.23±63.32 266.48±52.28 699.34±211.64 1166.71±228.89 

Total 86 225 218.48±63.07 233.82±89.72 3710.46±214.84 5528.61±290.85 

 
DISCUSSION AND CONCLUSIONS 
 

Relationship between biomass and SOC. It 
has been reported that the ratio between soil- and 
vegetation- carbon density increases with increasing 
latitude and that ecosystem carbon density also 
increases with increased latitude for upland forest 
ecosystems [27]. However, ecosystem carbon 
density in mangrove forests has been reported to 
decrease with increased latitude while vegetation 
carbon density decreased [28]. For example, it was 
reported that ecosystem carbon densities were 466.3 
t/ha in Micronesian mangrove forests (N 7°) and 
119.3 t/ha (N 26°) in Japanese mangrove forests, 
while their biomass carbon densities were 151.4 t/ha 
and 62.0 t/ha, respectively. As mangrove forests 
experience growth, the carbon accumulated in both 
plant and soil also increase [7, 8]. As shown in Fig. 

3 and 4, this study found that vegetation biomass was 
positively correlated with SOC (including both SOC 
density and SOC concentration of the surface soil 
layer) and the Pearson Correlation Coefficients were 
close to, or more than, 0.7. These results are in 
agreement with the previous reports of Gleason and 
Ewel [29] and Donato et al. [10] in mangrove forests. 
Donato et al. found that there were positive 
correlations between belowground and aboveground 
carbon density (R2 = 0.21 and 0.50 in estuarine and 
ocean sites, respectively) [10]. Jones et al. also found 
that SOC density of the 0-100 cm layer increased 
along with vegetation biomass growth in the tropical 
mangrove forests of Northwest Madagascar [2]. 
Similar results also exists for upland forest 
ecosystems. For example, Zhang [30] found that 
linear relationships occurred between SOC density 
(0-100 cm) and vegetation biomass in both 
Eucalyptus and Acacia forests of the Pearl River 
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Delta, South China and their coefficients of 
determination were 0.37 and 0.64, respectively. A 
much stronger correlation (R2 = 0.79) has been 
reported in some other Eucalypt-Acacia forest and 
monocultures [20]. The results of this study, along 
with those reported in the literature, indicate that 
increasing vegetation biomass through both 
afforestation and protection strategies, would 
increase the carbon accumulation rate. This is 
because biomass growth can increase the net primary 
production, which results in a higher input of dead 
roots and root exudates as well as increased litter fall 
[25]. 

 
Carbon accumulation rate. Mangrove forests 

absorbed carbon at a rate of 111.53 Gg/year during 
the study period from 1990 to 2010 along the 
Chinese coast. This result suggests that mangroves 
can be considered as an important carbon sink to 
mitigate the greenhouse effect. On an area basis, the 

vegetation biomass along the Chinese coast and this 
value was considerably lower than those reported for 
upland forest ecosystems of the USA (0.52-0.71 

- [31]. 
Moreover, the carbon accumulation rate of the 
mangrove biomass in this study was only 49% of the 
carbon accumulation rate observed in bamboos [32]. 
The carbon accumulation rate of mangrove biomass 
is at the lower limit of values reported for planted 
forest ecosystems in Guangdong, South China [6]. 
Zhou et al. (2008) found that between 1994 and 2003 
the planted forest vegetation stored up to 0.27-1.19 

value of 0.18 

mangrove forest ecosystem along the Chinese coast 
which is more than 4 times the biomass carbon 
accumulation rate in the same mangrove forest. This 
SOC accumulation rate for this study is also close to 
the reported values of biomass carbon accumulation 
rates in USA and Europe cited previously. This 
observed SOC accumulation rate is 67% of the 

mangrove forests by Bouillon et al. (2008) [3]. 
Ecosystem carbon storage of mangrove forest along 
the Chinese coast increased remarkably with an 

during the 
study period. This ecosystem carbon accumulation 
rate was relatively higher in the mangrove forests in 
comparison to those reported in the upland forests of 
Southwest and Southeast of China [17]. Ecosystem 
carbon accumulation rates of these upland forests 

accumulation rate of mangrove forest ecosystem was 
at a relatively high level for the study period, 
indicating that mangrove forests could be considered 
as a state carbon sink consequent upon mangrove 
afforestation and forest protection strategies [33]. 

 

Carbon density in comparison with 
other forest ecosystems. During the study period, 
ecosystem carbon density of mangrove forests 
maintained a high level ranging from 280.56 to 
299.14 t/ha. This carbon density in the Chinese 
mangrove forests was relatively higher than in 
upland forests of the same latitude, but it was 
relatively lower than in mangrove forests at lower 
latitudes [5, 7, 10]. In the upland forests of South 
China, Zheng et al. found that ecosystem carbon 
density ranged from 102.95 to 141.99 t/ha for 
different tree species used for reforestation [34]. It 
was reported that ecosystem carbon density of 
evergreen forests in the Pearl River Delta varied 
from 127.54 to 288.88 t/ha [35]. Vegetation carbon 
density of upland forests accounted for almost 50% 
of the ecosystem carbon density, while in 
comparison, vegetation carbon density of mangrove 
forests accounted for only about 20% of ecosystem 
carbon density. The relatively higher SOC density 
resulted in the presence of large ecosystem carbon 
stocks in the mangrove forest and this occurs 
because mangrove soils are usually anaerobic with 
lower decomposition rates which is favorable to the 
accumulation of organic carbon in the soil in 
comparison with upland forests [36]. The ecosystem 
carbon density for mangrove forests reported by 
Kauffman et al. in Micronesia [5] and Adame et al. 
in Mexico [37], are considerably higher than the 
values of this study. The ecosystem carbon density 
of these tropical mangrove forests ranged from 381 
to 798 t/ha [5, 37]. This is attributed to the lower 
latitude of the tropical mangrove forests investigated 
by Kauffman et al. and Adame et al. compared to 
those of the China coast, and which result in a higher 
vegetation biomass and more carbon-rich soil [7].  

 
Uncertainties of ecosystem carbon storage. 

In order to fill in research gaps and add more 
evidence about the potential of mangrove forests to 
act as carbon sinks, more information about 

Unfortunately, current research approaches via field 
survey is often expensive, time-consuming, 
laborious and destructive. This study collected both 
biomass carbon density and SOC density data, and 
subsequently found that a good linear regression 
equation between biomass carbon density and SOC 
density could be established and which was used to 
quantify carbon dynamics in mangrove forests along 
the Chinese coast. Despite the fact that relatively 
high Pearson Correlation Coefficients existed for the 
linear regression equations established in this study, 
vegetation biomass only accounted for 48.58% of the 
variance of SOC density and thus some uncertainties 
remain with respect to carbon dynamics in mangrove 
forests of the Chinese coast. This is because 
variations in ecosystem carbon density (especially 
vegetation biomass carbon) are related to changes in 
geographical locations and forest communities, 
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which are in turn driven by both physical (e.g. soil 
types and nutrient) and biological (e.g. bioturbation, 
vegetation structure, primary productivity and 
decomposition) factors [38]. It is not possible to 
provide any estimate of the contribution associated 
with the field measurement (sampling error) and 
those attributed to error in the regression equations 
[18]. However, Phillips et al. have suggested that 
sampling error accounted for more than 90% of the 
total error in forest carbon budgets [39]. If Phillips et 
al. are correct, then the error could be substantially 
minimized in the future studies by increasing the 
number of sites sampled for the different mangrove 
communities at different locations and which should 
result in much better regression equations between 
SOC density and vegetation biomass that can be used 
to estimate ecosystem carbon storage. However, this 
study is, to-date, the most comprehensive analysis of 
change of ecosystem carbon storage in mangrove 
ecosystems along the Chinese coast. If only the 
effects of geographical locations were considered, 
ecosystem carbon storage was estimated according 
to the result of the average ecosystem carbon density 
multiplied the area of each province in 2010. This 
gives an estimated carbon storage value of 6.85 Tg 
and which is similar to our estimated carbon storage 
of 6.98 Tg. Our estimated ecosystem carbon storage 
is also close to a reported value of 6.90 Tg in Liu et 
al. for mangroves in China [4]. These similarities 
suggest that our estimation method can be used to 
study the change of ecosystem carbon storage along 
the Chinese coast. Also, the estimates of carbon 
dynamics presented here will be helpful for 
estimating carbon sink if mangrove forests are 
planted or protected. 

Combining field measurements with data from 
the literature, a linear regression equation was 
established to quantify the change of ecosystem 
carbon storage in mangrove forests along the 
Chinese coast. Significant correlations were found 
between vegetation biomass and both SOC density 
and SOC concentration of the surface soil layer. 

carbon storage by 111.53 Gg/year and ecosystem 

Our results further support the conclusion from other 
research that reforestation increases carbon 
sequestration in mangrove forests. Mangrove forests 
accumulate more ecosystem carbon in comparison to 
upland forests located in the same latitudes. 
Ecosystem carbon density of mangrove forests is 
affected by the species composition and biomass 
differences. More sampling and long-term 
monitoring are needed to increase our understanding 
of ecosystem carbon dynamics in the various 
mangrove communities at different geographical 
locations. 
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ABSTRACT 
 

Applying chemical enhancements may 
improve the phytoremediation of soils 
contaminated with heavy metals. This pot 
experiment study assessed the ability of 
Amaranthus hybridus L. to bioaccumulate Cd, both 
alone and with the addition of chelators. 
Ethylenediamine triacetic acid (EDTA) was added 
at concentrations of 1.5 and 3.0 mmol·kg-1; and 
nitrilotriacetic acid (NTA) was added at 
concentrations of 2.5 and 5.0 mmol·kg-1 to assess 

contaminated at concentrations of 5 to 40 mg kg-1 
Cd. Adding EDTA and NTA enhanced the 
accumulation capacity of Cd in the plant shoots. Cd 
concentrations in the plant shoots were higher with 
the EDTA treatment than with the NTA treatment. 
This indicates that EDTA treatments enhanced Cd 
phytoremediation in this species more than NTA. 
Applying 1.5 and 3.0 mmol·kg-1 EDTA for the soil 
contaminated with 40 mg kg-1 Cd resulted in up to 
100 mg·kg-1 Cd in the plant shoots, exceeding the 
critical content (100 mg·kg-1) for Cd-
hyperaccumulators. The total Cd uptake in plants 
was higher in EDTA treatment than in NTA 
treatment, suggesting that EDTA more effectively 
enhanced Cd accumulation in A. hybridus. The 

-1, 
was seen when 1.5 mmol·kg-1 EDTA was used with 
soils contaminated with 40 mg Cd kg-1. In 
conclusion, A. hybridus may be an attractive 
candidate for phytoremediation through Cd-
hyperaccumulation, with the application of EDTA.  
 
 
KEYWORDS: 
Amaranthus hybridus L., Hyperaccumulator, Chelator, 
EDTA, NTA, Cadmium 
 
 
INTRODUCTION 

 
Rapid industrial development has increased 

the presence of soils polluted with heavy metals. 
For example, cadmium (Cd) is a non-essential 
heavy metal that is toxic to living cells at a very 
low concentration. Additionally, Cd can accumulate 
to toxic levels in organisms and persist indefinitely 

in the environment [1,2]. The presence of Cd in 
soils has greatly increased because of industrial 
inputs, such as smelters, industrial sewage, sludge, 
and agricultural fertilizer applications [3,4]. The 
resulting environmental problems heighten the 
importance of exploring effective remediation 
methods to clean-up Cd-contaminated soil, while 
not adversely impacting soil biological and 
ecological health.  

Phytoremediation, the application of green 
plants to remove pollutants from soils, has received 
increased attention in recent years, and may be 
better than conventional technologies for 
remediating contaminated soil [5]. This plant-based 
technique has shown significant economic, 
aesthetic, and technical advantages compared with 
traditional techniques, which include 
immobilization, mechanical separation, electro-
kinetic remediation, and chemical washing [6]. To 
date, over 400 plants have been identified to be 
hyperaccumulators. Many of these are Ni-
hyperaccumulators; there are also a few 
hyperaccumulators of Cd, copper (Cu), lead (Pb), 
and zinc (Zn) [7]. Solanum nigrum [8], Thlaspi 
caerulescens [9], and Viola baoshanensis [10] have 
been identified as Cd hyperaccumulators. However, 
because of their small biomass and slow growth, 
these hyperaccumulators may not be suitable for 
larger scale phytoextraction efforts. 

Plants in the Amaranthus genus are widely 
distributed worldwide. Plant species in this genus 
include Amaranthus dubius L. [11], Amaranthus 
hybridus L. [12], and Amaranthus hypochondriacus 
L. [13], and reports indicate the potential for these 
plats to be Cd hyperaccumulators. Additionally, 
these plants are fast growing, have a high biomass, 

ability to efficiently extract Cd from contaminated 
soils [14]. 

To increase the efficiency of plant 
remediation, it is possible to increase the solubility 
of soil-bound heavy metals, using chemical 
approaches. This includes adding chelators that are 
associated with phytoremediation [15,16]. For 
instance, ethylenediamine triacetic acid (EDTA) is 
a synthetic chelating agent that efficiently mobilizes 
Pb, Cd, and Zn from soil contaminated with heavy 
metals [17,18]. Unfortunately, EDTA is often 
reported to be toxic to the plants and restricts plant  
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TABLE 1 
Basic soil properties 

 
pH Organic matter 

(g·kg-1) 
Available (mg·kg-1) Total (mg·kg-1) 

N P K Pb Cd Zn 

6.74 38.7 51.2 40.8 65.1 20.3 0.17 35.0 

 
 

growth [19]. Nitrilotriacetic acid (NTA) is 
another chelating agent; it is less toxic to the plants 
and biodegrades more easily in soils. As such, is 
often used in enhance phytoextraction [20,21]. A 
number of studies have demonstrated the ability of 
chelators to promote metal uptake by plants; 
however, few investigations have explored 
chelator-assisted phytoextraction by Amaranthus 
species in soils contaminated with heavy metals. 
One study, using Amaranthus hybridus L., 
demonstrated this sp
pollution in soil [12]. However, few reports have 
explored how Cd accumulation by A. hybridus 
might be enhanced by applying chelators, such as 
EDTA or NTA.  

Given this background, this study used pot 
experiments to identify the capacity of Amaranthus 
to support Cd remediation in soil, using a 
concentration gradient experiment; and identify any 
improvement in remediation capacity created by 
applying chelators. 
 
 
MATERIALS AND METHODS 

 
Soil sample properties. The soil samples used 

for this experiment were collected from vegetable 
gardens not contaminated by heavy metals. After 
being air-dried, the soil samples were grounded to a 
particle size that passed through a 4.0 mm sieve. 
The soil was then used for the pot experiments. The 
soil organic matter was measured using a wet 
digestion process with K2Cr2O7 and H2SO4. 
Available N, P, and K were measured using 
standard methods recommended by Lu [22]. Soil 
pH was measured in a 1:2.5 soil to water 
suspension with a combination pH electrode. Total 
Pb, Cd, and Zn in the soil was determined using 
atomic absorption spectrophotometer (AAS), 
following HF-HNO3-HClO4 digestion procedures 

physiochemical properties and the Cd background 
level. 

 
Pot culture experiment design. According to 

the National Soil-Environmental Quality Standard 
of China (GB15618 1995), the concentration 
gradient experiment with single Cd and two kinds 
of chelators: NTA and EDTA were selected and 
designed for the pot culture experiment. Table 2 
lists the treatments conducted for the experiments. 

There were five separate treatments with Cd 
concentrations of 5, 10, 20, 30, and 40 mg·kg-1. Cd 
was spiked as 3CdSO4·8H2O.  

First, 3.0 kg of the sieved soil was placed into 
each plastic pot. Samples were then mixed with the 
different concentrations of 3CdSO4·8H2O and left 
alone for one month to equilibrate. Eight pre-
germinated A. hybridus  seeds were then sown in 
each pot, which was fertilized with P 100 mg·kg-1 

(calcium phosphate) K 40 mg·kg-1 (potassium 
chloride) and N 50 mg·kg-1 (ammonium sulfate). 
This fertilization provided adequate nutrition for 
plant growth. Seven days after plant emergence, 
seedlings were thinned to four per pot.  

The A. hybridus was grown in a greenhouse 
maintained at a temperature of 26-30 . After four 
weeks of growth, EDTA and NTA were added to 
the pots, which were prepared with pure salts as 
Na2-EDTA and Na3NTA. EDTA concentrations 
were set at 1.5 and 3.0 mmol·kg-1 and the NTA 
concentrations were 2.5 and 5.0 mmol·kg-1. These 
levels align with the thresholds proposed by 
Nowack [23] and Hseu [21] for chelator enhanced 
phytoextraction. Three replicates of pot soil were 
tested, during incubation and following plant 
growth. All plants were harvested one week after 
applying the chelator.  

 
Metal analysis. Once the plant samples were 

removed from the pots, they were divided into two 
parts: shoots and roots. The roots were washed with 
tap water to remove soil particles, and immersed in 
20 mM Na2-EDTA for 1 hour to remove 
exchangeable Cd. The shoots and roots were further 
washed three times with deionized water, then 
placed in an oven at 105  for 20 minutes, and then 
heated further at 70  until a constant weight was 
reached. The dry weights were measured, and the 
dried plant tissues were then ground to powder and 
passed through a 2 mm sieve.  

Soil samples were collected from the pots after 
the plants were harvested. The soil was air-dried at 
room temperature, and then passed through a 0.149 
mm sieve. The Cd in plants was extracted using 
acid digestion mixture (HNO3 and HClO4). The 
plant samples were heated with the HNO3 and 
HClO4 mixture until the color became clear; they 
were then filtered, reconstituted to the desired 
volume, and measured using the AAS for Cd. For 
soil extractable Cd, 20 ml of 0.01 mol·L-1 CaCl2 
was added to 2 g of soil sample in a 50 ml 
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polypropylene centrifuge tube. The tube was 
shaken for 16 h at 25 , and then centrifuged at 
4000 rpm for 15 min. After being filtered, AAS was 
used to measure the extractable Cd concentrations 
in the samples. 

 
 

TABLE 2 
Summary of pot treatments with different Cd, 

NTA, and EDTA concentrations 
 

Treatment Cd 
(mg·kg-1) 

NTA 
(mmol·kg-1) 

EDTA 
(mmol·kg-1) 

1 5 0 0 
2 5 2.5 0 
3 5 5.0 0 
4 5 0 1.5 
5 5 0 3.0 
6 10 0 0 
7 10 2.5 0 
8 10 5.0 0 
9 10 0 1.5 
10 10 0 3.0 
11 20 0 0 
12 20 2.5 0 
13 20 5.0 0 
14 20 0 1.5 
15 20 0 3.0 
16 30 0 0 
17 30 2.5 0 
18 30 5.0 0 
19 30 0 1.5 
20 30 0 3.0 
21 40 0 0 
22 40 2.5 0 
23 40 5.0 0 
24 40 0 1.5 
25 40 0 3.0 

 
 
Translocation factor and bioconcentration 

factor. The bioconcentration factor (BCF) is 
defined as the ratio of the metal concentration in 
plant shoots to the concentration in the soil. The 
translocation factor (TF) is the ratio of metal 
concentration in plant shoots to the concentration in 
plant roots. BCF and TF are important indexes that 

particular metal from the soil [21]. 
 
Statistical methods . The means and standard 

deviations (SD) were calculated using Microsoft 
Excel 2003. The statistical tests, including analysis 
of variance (ANOVA), were conducted using SPSS 
version 17.0 (SPSS Inc., USA). Differences 
between means were measured using the Duncan 
test, with a significance level of P<0.05. Figures 
were plotted using Origin 7.5. 

RESULTS 
 
Effect of EDTA and NTA on A. hybridus 

height and biomass production. None of the 
plants wilted as a result of the study treatments. 
However, the plants treated with 3.0 mmol·kg-1 
EDTA and 5.0 mmol·kg-1 NTA growing in soil 
with 40 mg·kg-1 Cd, developed dark green leaves 
and necrotic spots. The treatment with 3.0 
mmol·kg-1 EDTA in the soil with 40 mg·kg-1 Cd 
resulted in lower plant heights than with other 
treatments. The samples with 1.5 mmol·kg-1 EDTA 
and 2.5 mmol·kg-1 NTA did not exhibit significant 
differences in plant height compared to the control 
(Table 3). 

Fig.1 shows A. hybridus biomass after being 
grown in soils with different Cd, NTA, and EDTA 
concentrations. In the treatment without the NTA 
and EDTA chelators, plant biomass decreased as 
Cd concentration increased when adding with 10, 
20, 30 and 40 mg·kg-1 Cd in soil. When the Cd 
concentration in the soil increased to 30 and 40 
mg·kg-1, the plant clearly suffered from 
phytotoxicity. Adding 2.5 mmol·kg-1 NTA and 1.5 
mmol·kg-1 EDTA did not stunt plant growth. 
However, the shoot biomass markedly decreased 
when NTA and EDTA concentrations increased to 
5.0 mmol·kg-1 and 3.0 mmol·kg-1, respectively. 
Similar to the shoot biomass, the root biomass 
decreased while increasing the soil Cd 
concentration by 10 to 40 mg·kg-1. The addition of 
2.5 mmol·kg-1 NTA did not significantly reduce the 
root biomass production compared to control except 
treating with 10 mg·kg-1 Cd in soil. However, the 
dry root weight of the plant markedly decreased in 
the treatment of 5.0 mmol·kg-1 NTA and 3.0 
mmol·kg-1 EDTA. This suggests that applying high 
levels of NTA and EDTA was toxic to A. hybridus.  

 
Effect of EDTA and NTA on Cd 

concentration in A. hybridus shoots and roots. 
The Cd concentration in plant shoots increased as 
the Cd concentration in soil increased (Fig.2). In the 
control treatments (no EDTA or NTA), the Cd 
concentrations in plant shoots were 23.35, 25.69, 
29.41, 38.32, and 59.34 mg·kg-1 when Cd 
concentrations in soil were 5, 10, 20, 30, and 40 
mg·kg-1, respectively. Adding the chelators 
facilitated Cd accumulation in plant shoots, with Cd 
concentrations in the shoots increasing 1.5 to 3.0-
fold compared to the treatment without chelators. 
Cd concentrations were higher in the shoots treated 
with EDTA than NTA. For example, after applying 
3.0 mmol·kg-1 EDTA to the soil sample with 40 
mg·kg-1 Cd, the Cd concentration in the shoots 
peaked at 124.24 mg·kg-1. In contrast, applying 5.0 
mmol·kg-1 NTA resulted in a Cd concentration in 
the shoots of 95.69 mg·kg-1. 

However, the increase in the dosage of EDTA 
and NTA increased the Cd concentration in the  
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TABLE 3 
Shoot height per plant of A. hybridus on the soils exposed to different concentrations of Cd treated with 

chelators. 
 

Treatment Cd concentration(mg·kg-1) in the soil 
5.0 10.0 20.0 30.0 40.0 

Shoot 
Control 29.11±1.19 a 27.47±1.38 a 24.86±1.65 a 22.80±2.76 a 21.27±1.51 a 

2.5 mmol·kg-1 NTA 28.23±2.04 a 27.21±2.33 a 23.10±2.10abc 20.31±1.05 ab 18.57±2.11 a 

5.0 mmol·kg-1 NTA 25.15±2.78 bc 21.56±1.42 b 19.95±1.42 c 18.19±1.12 b 17.71±1.41 ab 

1.5 mmol·kg-1 EDTA 27.39±1.41 ab 25.93±2.92 a 23.63±1.52 ab 19.36±2.91 ab 19.14±2.34 a 

3.0 mmol·kg-1 EDTA 24.26±2.57 c 19.43±1.70 b 20.83±1.41 bc 17.21±1.59 b 14.73±1.39 b 

Data with a different letter in the same column indicate a statistically significant difference, according to the 
Duncan test. P<0.05   
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FIGURE 1 

Dry material weight(g·pot-1) of the shoot (a) and root (b) of A. hybridus on the soil exposed to different 
concentrations of Cd treated with NTA and EDTA. Different letters following the vertical bars are 

different significantly between treatments at P<0.05 level according to Duncan  
 
 

shoots. In soil samples with Cd concentrations 
ranging from 5 to 40 mg·kg-1, the Cd concentrations 
in the shoots ranged from 48.94 to 118.51 mg·kg-1 

with the addition of 1.5 mmol·kg-1 EDTA, and 
ranged from 28.10 to 79.22 mg·kg-1 with the 
addition of 2.5 mmol·kg-1 NTA. Applying 3.0 
mmol·kg-1 EDTA and 5.0 mmol·kg-1 NTA resulted 
in Cd concentrations in shoots ranging from 49.59 
to 124.24 mg·kg-1and 32.08-95.69 mg·kg-1, 
respectively. This confirms that higher levels of 
EDTA and NTA enhanced Cd 
accumulation.Similar to the results seen with the 
plant shoots, without chelators, the Cd 
concentrations in A. hybridus roots increased as the 
Cd concentration in the soil increased. However, 
adding chelators resulted in a decrease in Cd 
concentration in the roots except in the 5 mg·kg-1 
Cd treatment level; the reduction was greater with 
the EDTA treatment than with the NTA treatment. 
Without EDTA or NTA, the Cd concentration in 
the roots was 74.10 mg·kg-1 in the soil 

contaminated with 30 mg·kg-1 Cd. When treated 
with 5.0 mmol·kg-1 NTA and 3.0 mmol·kg-1 EDTA, 
the Cd concentrations in the roots decreased to 
69.54 and 58.36 mg·kg-1, respectively. At a Cd 
contamination level of 40 mg·kg-1 in the soil, 
without chelators, the Cd concentration in the roots 
was 105.19 mg·kg-1. This level decreased to 90.05 
mg·kg-1 after treatment with 5.0 mmol·kg-1 NTA 
and 76.86 mg·kg-1 after treatment with 3.0 
mmol·kg-1 EDTA. This results were similar to 
Liu[6], who found that the Cd concentration in the 
roots of Althaea rosea cav. decreased after 
treatment with SDS, EDTA, and EGTA in 100 
mg·kg-1 Cd contaminated soil, compared to the 
control. These results suggest that more Cd was 
translocated to shoots when NTA and EDTA were 
added.  

After applying EDTA and NTA, the Cd 
concentration was higher in plant shoots than roots. 
This is an important characteristic of this 
hyperaccumulator. When concentrations of 1.5 and  
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FIGURE 2 

Cadmium concentration (mg·kg-1) of the shoot (a) and root (b) of A. hybridus on the soil exposed to 
different concentrations of Cd treated with NTA and EDTA. Different letters following the vertical bars 
are different significantly between treatments at p  

 
 
3.0 mmol·kg-1 EDTA were added to the soil 

contaminated with 40 mg·kg-1 Cd, the Cd 
concentration in the shoot reached 118.51 and 
124.24 mg·kg-1, respectively. This is higher than 
when the Cd concentration was 100 mg·kg-1, the 
critical concentration of a Cd hyperaccumulator 
[24]. 

 
Effect of EDTA and NTA on total Cd 

uptake by A. hybridus. Adding chelators increased 
the total Cd uptake in the shoots compared with the 
control (Fig.3). Without adding chelators, the Cd 
accumulation in A. hybridus shoots ranged from 
310.35 to 598.19 mg·pot-1. After the NTA and 
EDTA treatment, the Cd uptake in plant shoots 

-1 (NTA) and 
-1 (EDTA). As noted 

above, the Cd accumulation was higher with the 
addition of EDTA. The maximum Cd uptake in the 
shoots occurred with the addition of 1.5 mmol·kg-1 
EDTA in the 40 mg·kg-1 Cd contaminated soil; this 

-1 
Cd. The accumulation of Cd in the plant was higher 
with EDTA than with NTA. This suggests that 
adding EDTA was more effective in enhancing Cd 
accumulation in the A. hybridus plant.  

 
Effect of EDTA and NTA on BCF and TF 

of Cd in A. hybridus. All BCFs of shoots were 
higher than 1.0; most BCFs were higher than 3.0 in 
the soils exposed to different Cd levels. Levels 
were higher with the added chelators than with the 
control. This result indicates that the translocation 
ability of A. hybridus was somewhat strengthened 
by adding EDTA and NTA. Adding 3.0 mmol·kg-1 
EDTA resulted in the highest BCFs in plant shoots, 
across all levels of Cd contamination. 
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FIGURE 3 

Total cadmium ( g·pot-1) of A. hybridus in shoot 
on the soil exposed to different concentrations of 

Cd treated with NTA and EDTA. Different 
letters following the vertical bars are different 

significantly between treatments at p<0.05 level 
 

 
 
The BCFs in all samples (control and with 

chelator treatment) decreased compared to the 
increase in Cd contamination levels in soil. The TFs 
ranged from 0.49 to 2.65 in all samples (control and 
with chelator treatment). Similar to the BCFs, the 
TFs were higher in the soil treated with chelators 
than in the controls samples. Applying 3.0 
mmol·kg-1 EDTA resulted in the highest TFs across 
all the treatment levels, except for the soil sample 
with 30 mg·kg-1 Cd. Applying EDTA resulted in 
higher values than when applying NTA in both 
BCFs and TFs. This further demonstrates that the 
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TABLE 4 
The average values of BCF and TF of A. hybridus on the soils exposed to different concentrations of Cd 

treated with NTA and EDTA. 
 

Treatment Cd concentration(mg·kg-1) in the soil 
5.0 10.0 20.0 30.0 40.0 

BCF 
Control 4.67±0.59 c 2.57±0.31 d 1.47±0.22 c 1.28±0.04 c 1.48±0.05 d 
2.5 mmol·kg-1 NTA 5.62±0.38 bc 4.55±0.50 c 3.30±0.19 b 1.78±0.25 bc 1.98±0.13 cd 
5.0 mmol·kg-1 NTA 6.42±0.52 b 5.89±0.87 b 4.46±0.20 a 2.29±0.06 b 2.39±0.27 bc 
1.5 mmol·kg-1 EDTA 9.79±0.82 a 6.69±0.49 b 3.82±0.39 b 2.93±0.34 a 2.96±0.25 ab 
3.0 mmol·kg-1 EDTA 9.92±0.53 a 8.88±0.70 a 4.91±0.32 a 3.25±0.21 a 3.11±0.42 a 
TF 
Control 0.94±0.06 c 0.68±0.02 c 0.49±0.03 d 0.52±0.05 c 0.56±0.03 c 
2.5 mmol·kg-1 NTA 0.92±0.05 c 1.53±0.05 b 1.30±0.22 c 1.10±0.09 b 0.88±0.01 c 
5.0 mmol·kg-1 NTA 1.38±0.04 b 1.90±0.06 b 1.28±0.07 c 1.52±0.20 ab 1.36±0.04 b 
1.5 mmol·kg-1 EDTA 1.92±0.20 a 2.47±0.13 a 1.98±0.14 b 1.88±0.03 a 1.54±0.16 b 
3.0 mmol·kg-1 EDTA 2.24±0.21 a 2.64±0.02 a 2.65±0.21 a 1.67±0.22 a 2.13±0.28 a 

 
 

EDTA supplement was more effective than NTA in 
enhancing Cd accumulation by the plants. 
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FIGURE 4 
Extractable Cd (mg·kg-1) on the soil exposed to 

different concentrations of Cd treated with NTA 
and EDTA. Different letters following the 

vertical bars are different significantly between 
treatments at p

multiple range test. 
 
Effect of EDTA and NTA on available Cd 

of soil. Fig.4 shows the CaCl2 extractable Cd 
concentration in the soil after applying different 
NTA and EDTA doses. In all treatments without 
chelators, the CaCl2 extractable Cd concentration 
increased as the incremental level of Cd in soil 
increased. NTA and EDTA treatments increased the 
concentration of CaCl2 extractable Cd in soil; the 
degree of increase related to the relative levels of 
NTA and EDTA. When the NTA and EDTA doses 
were at the same level, there were higher 
concentrations of CaCl2 extractable Cd in the 
EDTA treated soil than the NTA treated soil. This 
indicates that EDTA is more effective in 

transforming Cd from the insoluble to the soluble 
fraction 
 
 
DISCUSSION AND CONCLUSIONS 
 

Plant selection is an important factor in 
phytoremediation; further, environmental and 
economic concerns require minimal chelator use. 
As such, selecting the plant and selecting the 
chelators are best done simultaneously [25,26]. In 
this experiment, A. hybridus thrived in soil exposed 
to Cd concentration up to 40 mg·kg-1, despite the 
addition of NTA and EDTA. This indicates that this 
plant tolerates high levels of Cd contamination. 
Plant height decreased as the Cd in soil increased. 
Adding 5.0 mmol·kg-1 NTA and 3.0 mmol·kg-1 
EDTA resulted in significant decreases in plant 
height compared to the control. The reduction 
ranged from 13.6% to 21.5% and 16.2% to 30.7%. 
No significant reduction of plant height was 
observed when adding 1.5 mmol·kg-1 EDTA and 
2.5 mmol·kg-1 NTA, suggesting that low levels of 
EDTA and NTA did not inhibit A. hybridus growth. 

Other studies also found that applying 
synthetic chelators, such as EDTA, NTA, EDD, 
SDS, and EGTA, negatively impacted plant growth 
[27,19,6,28]. Liu [6] reported that the Althaea rosea 
cav. shoot biomass decreased by 60% after soil 
contaminated with 30 mg·kg-1 Cd was treated with 
1.0 mmol·kg-1 EDTA. Munn[28] found that adding 
0.1 g-kg-1 EDTA to soil contaminated with 30 
mg·kg-1 Cd, resulted in a 22.6% and 56.6% 
reduction of Thlaspi caerulescens and Helianthus 
annuus biomass, respectively. Quartacci [27] found 
that applying 5 mmol·kg-1 NTA reduced Brassica 
carinata biomass by 16.7% in soils contaminated 
with 61 mg·kg-1 Cd. This stunted plant growth can 
be attributed to the combination of high heavy 
metal concentrations and chelator application that 
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system [29]. In this study, A. hybridus biomass was 
reduced when treated with 3.0 mmol·kg-1 of EDTA 
and 5.0 mmol·kg-1 of NTA. Biomass did not 
decrease when the soil was treated with 1.5 
mmol·kg-1 EDTA and 2.5 mmol·kg-1 NTA. 
However, the average biomass of A. hybridus in 
this experiment was higher than the biomass seen in 
other Cd hyperaccumulators, such as Bidens pilosa 
L [30], Sedum alfredii [31], and Thlaspi 
caerulescens L [32]. Sun planted the 
hyperaccumulator Bidens pilosa L. in soils 
contaminated with 8 to 100 mg·kg-1 Cd for 120 d 
and found that the shoot biomass was only 0.8 to 
1.2 g per plant [30]. Wang [31] used Sedum alfredii 
to remediate Cd contaminated soil, finding that 
after growing for 60 days, the shoot biomass was 
only 0.3 to 0.8 g per plant. The Cd 
hyperaccumulator Thlaspi caerulescens L. 
accumulated more than 600 mg kg-1 Cd in its 
shoots, but its biomass was only 0.3 g per plant 
[32]. These hyperaccumulators are characterized by 
slow growth and low biomass, making 
phytoremediation in the field impractical. In this 
experiment, most of the plant biomass exceeded 2 g 
per plant in the control and in the soil treated with 
chelators. This biomass was higher than was seen 
with many other Cd-hyperaccumulators. Another 
study [14] found that in farmland, A. hybridus could 
achieve a fresh shoot biomass of 25-30 t·ha-2. 
Moreover, this plant grows very quickly and the 

highly mechanized. These factors suggest that A. 
hybridus is a candidate to effectively remediate Cd 
contaminated soil.  

As many studies have reported, chelators are 
able to increase the concentration of bioavailable 
metals in the soil. First, the chelator combines 
soluble metals in the soil solution. As the 
concentration of free metals in the soils decrease, 
bound metal ions begin to dissolve to compensate 
for the equilibrium shift. As a result, metals are 
freed from the soil bound matrix. This process 
enhances heavy metal bioavailability, and increases 
phytoremediation effectiveness [33,34]. Adding 
NTA and EDTA to soils enhanced Cd solubility in 
this experiment. In this study, the soluble Cd in the 
tested soil correlated well (r2=0.81, P<0.05) with 
the Cd concentration in plant shoots. The 
correlation is described by the following linear 
model: Y=3.06X+29.7, where X is the content of 
soluble Cd in soil and Y is Cd concentration in 
plant shoots. The Cd concentration in the plant 
shoots and roots were higher with the EDTA 
treatment than with the NTA treatment, indicating 
that EDTA enhanced Cd uptake in A. hybridus 
more than NTA. This result may be explained by 
the fact that the stability constant value was higher 
for the EDTA-Cd complex (LogK 16.5) than for the 
NTA-Cd complex (LogK 10.5). The higher stability 

constant value of the EDTA-Cd complex 
means that EDTA induced higher Cd solubility. 
This allowed more bioavailable forms of Cd in soil 

ability to translocate the Cd from roots to shoots 
[27]. 

Successful phytoextraction requires high 
heavy metal concentrations in above-ground tissue. 
Chelating agents have successfully increased metal 
accumulation in plant shoots. Many researchers 
have focused on improving EDTA effectiveness in 
enhancing heavy metal uptake by 
hyperaccumulators [28,35,26]. Munn [28] tested the 
ability of EDTA at two concentrations (0.1 and 0.3 
g·kg-1) to enhance the phytoremediation of Cd, Cr, 
and Ni in helianthus annuus and thlaspi 
caerulescens at two different metal concentrations 
(24.75 mg·kg-1 and 90 mg·kg-1). The EDTA 
increased the total metal uptake of Cd, Cr, and Ni 
by 10 - 25%. Marques[35] assessed the effect of 
EDTA on Zn tissue accumulation in solanum 
nigrum L. grown in naturally contaminated soil. 
Adding EDTA increased S. nigrum accumulation of 
Zn by up to 231% in the leaves, 93% in the stems, 
and 81% in the roots. In this study, the Cd 
concentration in the shoots of A. hybridus in the 
control samples ranged from 23.35 to 59.34 mg·kg-

1. Adding EDTA and NTA increased the Cd 
accumulation in plant shoots. Treatments of 1.5 and 
3.0 mmol·kg-1 EDTA in soil contaminated with 40 
mg·kg-1 Cd resulted in higher Cd concentrations in 
plant shoots (118.51 and 124.24 mg·kg-1) than with 
the other treatment. This is higher than the critical 
concentration (100 mg·kg-1) of a hyperaccumulator.  

BCF is an important factor in 
phytoremediation; it describes metal uptake, metal 
transfer from root to shoot, and metal accumulation 
in the aerial plant biomass. TF is another important 

metal from roots to shoots. A TF greater than 1.0 
indicates that heavy metal concentrations in the 
shoots are higher than the roots. BCF and TF are 

[21]. The BCF values in the plant shoots for Cd 
ranged from 1.28 to 9.92, higher than the critical 
level (1.0) for metal accumulators. Adding the 
chelator increased the BCF values in all the 
treatment levels compared to the control. This 
suggests that the accumulation ability of A. 
hybridus was strengthened by the chemically 
enhanced treatment. Furthermore, TF values 
increased when NTA and EDTA were added, with 
most TF values exceeding 1.0. The high BCF and 
TF values indicated that A. hybridus has a 
significant ability to take up and transport Cd.  

Some studies have reported high BCF and TF 
values associated with Amaranthus. Li [13] 
investigated the bioconcentration factor (BCF) and 
transfer factor (TF) of Cd for three Amaranthus 
Hypochondriavus cultivars growing for 60 days in 
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soil contaminated with 5 mg·kg-1 Cd. The study 
found that the BCF of three amaranth plants ranged 
from 17.7 to 29.7, with a TF between 1.0 to 2.0. 
This is higher than Cd accumulators used in other 
studies, such as viola baoshanensis [10], 
arabidopsis halleri [36], solanum nigrum [8], and 
rorippa globosa [37]. In this study, the increased 
BCF and TF when chelators were added suggest 
that A. hybridus could serve as a Cd 
hyperaccumulator. 

There are two equally important factors for a 
plant to be a successful metal accumulator: metal 
concentration in biomass and total plant biomass 
[38]. Amendments can improve metal uptake and 
plant growth. In this study, the total Cd 
accumulated by the plan shoot with no chelator 

-1. 
The total shoot uptake of Cd suggests that NTA and 
EDTA are needed for A. hybridus to increase the 
Cd uptake from soils.  

allows an estimate of the amount of Cd that can be 
removed from contaminated soil, and supports the 
selection of chelators for phytoextraction 
remediation. The results show that treatment with 
EDTA and NTA resulted in a total Cd uptake from 
Cd contaminated soil that was higher than the 
control. However, doses of 3.0 mmol·kg-1 EDTA 
and 5.0 mmol·kg-1 NTA were too high to improve 
phytoextraction, because the high EDTA and NTA 
levels impeded A. hybridus growth. Therefore, 
adding EDTA and NTA at levels of 1.5 and 2.5 
mmol·kg-1 levels were suitable for soils 
contaminated with a range of Cd levels.  

Based on the observed plant height and 
biomass, Cd concentration, accumulation, and BCF 
and TF values of A. hybridus in this experiment, it 
can be concluded that EDTA and NTA significantly 
increased Cd uptake and accumulation in A. 
hybridus
an effective Cd-accumulator, resulting in Cd 
removal through phytoremediation. 

This is the first study examining A. hybridus 
as a Cd-hyperaccumulator using EDTA and NTA. 
A. hybridus showed a strong tolerance to Cd-driven 
soil toxicity, and was able to accumulate Cd when 
grown in soil contaminated with up to 40 mg·kg-1 
Cd with added doses of 1.5 and 3.0 mmol·kg-1 of 
EDTA and 2.5 and 5.0 mmol·kg-1 of NTA. 
Consistent with the increase of soluble Cd amounts 
in the soils, applying with EDTA and NTA 
enhanced the capacity of A. hybridus shoots to take 
up Cd. However, EDTA was more effective in 
enhancing phytoextraction by A. hybridus than 
NTA. When treated with 1.5 and 3.0 mmol·kg-1 
EDTA in 40 mg·kg-1 Cd contaminated soil, the Cd 
in the shoots of A. hybridus reached 118.51 and 
124.24 mg·kg-1. These levels meet the critical 
concentrations of Cd for a hyperaccumulator, 

resulting in its ability to be classified as a Cd-
hyperaccumulator.  

Furthermore, after adding EDTA, the TF 
values of A. hybridus exceeded 1.0 in all the 
treatments, which higher than the critical level (1.0) 
for the metal accumulator in this study. Applying 
EDTA at rates of 1.5 mmol·kg-1 in 40 mg·kg-1 Cd 
contaminated soil resulted in the highest total 
amount of Cd accumulated in all the treatments: 

-1. Study results demonstrated that 
applying EDTA effectively improves Cd 
accumulation by A. hybridus and could serve as a 
new chelator-assisted tool for the phytoextraction 
treatment of Cd metal contaminated soils. 
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ABSTRACT 

Körfez Wetland is located in Kocaeli Province 
in the northwest of Turkey. It is situated on the 
migration route of birds flying from Europe to Africa 
and Asia. The area is an important shelter, feeding 
and breeding field for the migratory and resident 
birds. Körfez Wetland with freshwater and saltwater 
ecosystems has an important bioecological sanctuary 
in terms of Ornitofauna of Turkey. Ninety-three 
different bird species were identified in the area as a 
result of a year-long analysis. Among these species, 
42 were resident, 22 were winter migrants, 8 were 
transit migrants and 21 were summer migrants.  
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INTRODUCTION 

The aim of this study is to define the 
ornitofaunistical properties of the Körfez Wetland by 
identifying various species and numbers of 
individuals, immigration status of the species, and 
the factors that pose a threat to the area. It has also 
been targeted to compare with other ecologically 
similar areas in Turkey.  

Wetland ecosystems, form a wide range of 
habitats including floodplains, swamps, rivers, 
estuaries and near-shore coastal areas, and constitute 

Wetlands provide a variety of critical ecosystem 
services such as supporting wildlife habitat, filtering 
air and water, and reducing flooding and drought.  
Despite their importance, wetlands are under threat 
due to climate change and human encroachment [1]. 
Large wetlands are generally protected. However, 
the medium and small ones cannot be controlled and 
both are very crucial for local and migratory birds. 
Avifauna is an important component of aquatic 
ecosystems worldwide. It can be considered as an 
indicator of water bodies due to its quality, efficiency 
and function. Birds favor this type of ecosystem. 
They play an important role in transporting energy 
from water to the terrestrial system. Birds may obtain 
their food from different environment peripherals in 

the aquatic system through the use of spatial 
separator of the environment or atmosphere [2]. 
Birds use wetlands for many purposes including 
breeding, feeding and resting needs owing to 
minimal predation [3].   

Körfez wetland is an important shelter, feeding 
and breeding area for the native species and the 
migratory waterfowls that depend on the wetlands. 
In particular, holding a place on international 
migration chain path increases the importance of the 
area. The most significant threat of the area is its 
location in close proximity to intensive residential 
and industrial regions.  

 

 
 
 

MATERIALS AND METHODS 
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FIGURE 1 
Körfez Wetland (Kocaeli) and Stations Location. 

 
Observations were conducted during the day from 
10:00 to 17:00 by using point and line length 
counting methods. The book of Hayman and Hume 
[4] was used for identification of the species. The 
observations in the field studies were done with the 
naked eye and by using binoculars (Nikon 10x40). 
Moreover, the field and the species were 
photographed by Canon 550D Camera and Sigma 
150-500 mm tele objective lens. The working area 
was divided into two stations for convenience in 
determining of the species type and individual 
numbers. During observations, attention was paid to 
each station at different times of the day and 
recorded.  The 1st station covered the northern part of 
the wetlands while the 2nd station covered the 
southern part. There was a bird observation tower at 
the 2nd station. The tower was used continuously 
during the field studies. On the basis of determined 
species, formulas to calculate the incidence of the 
species and the dominance of the species in the field, 
was taken from Kocatas [5]. 

 

Frequency Analysis.  (Na = observed 

number of a species, Nn= total number of all 
observations). 

 
F% of observed species is classified in five 

categories; 
1 20%: rarely, 21 40%: seldom, 41 60%: 

generally, 61 80%: frequently, and 81 100%: 
commonly observed species. 

 

Dominance Analysis .  (D= Domi-

nancy, Na= individual number of only species, Nn= 
total individual number of all observed species). 
 

D% of observed species is classified in five 
categories; 

0= not, += rare or the most rare, 1= population 

size of species smaller than 5%, 2= population 
size of species between 5 25%, 3= population size 
of species between 25 50%, 4= population size of 
species between 50-75% and 5= population size of 
species greater than 75%.  

 
Margalef Diversity Index.  (D = Diversity 

Index, S = species number in total species, N = 
number of total individuals). 

 

Sorensen Similarity Index.  (Q=Similarity 

Index, a = species number in the 1st station, b= 
species number in the 2nd station, c = common 
species on both stations).   

 
 

RESULTS 

Ninety-three bird species belonging to 31 
families of 11 suborders have been identified in 
Körfez Wetland and around it. Among the identified 
species, the distribution was as follows; 42 native, 21 
summer migrants, 22 winter migrants, and 8 transit 
migrants. The observed orders of the identified 
species were: 38 Passeriformes, 24 Charadriiformes, 
10 Anseriformes, 4 Ciconiiformes, 4 
Pelecaniformes, 4 Falconiiformes, 3 
Columbiformes, 2 Podicipediformes, 2 Gruiformes, 
1 Phoenicopteriformes, and 1 Coraciiformes. The 
majority of the species (38) were from Passeriformes 
order and Coraciiformes and Phoenicopteriformes 
orders were represented with one species in the field. 
The highest number of species (10) recorded was 
from Scolopacidae and Anatidae families. One 
species was identified from the Pelecanidae, 
Threskiornithidae, Phoenicopteridae, Falconidae, 
Haematopodidae, Glareolidae, Alcedinidae, 
Troglodytidae, Turdidae, Remizidae, Laniidae, and 
Sturnidae families.  

According to IUCN [6], among the identified 
species, Pelecanus crispus VU (Vulnarable), 
Gallinago media and Numenius arquata were in NT 
(Near Threatened) and Phalacrocorax pygmeus was 
in DD (Data Deficient) categories. Other species 
were in LC (Least Concern) status (Podiceps 
cristatus, Tachybaptus ruficollis, Phalacrocorax 
aristotelis, Phalacrocorax carbo, Ardea cinerea, 
Casmerodius albus, Egretta garzetta, Platalea 
leucorodia, Phoenicopterus roseus, Cygnus olor, 
Tadorna tadorna, Anas platyrhynchos, Anas crecca, 
Anas acuta, Anas clypeata, Anas strepera, Netta 
rufina, Aythya ferina, Mergus merganser, Circus 
aeruginosus, Circus cyaneus, Buteo buteo, Falco 
naumanni, Gallinula chloropus, Fulica atra, 
Haematopus ostralegus, Charadrius dubius, 
Charadrius alexandrinus, Pluvialis squatarola, 
Tringa hypoleucos, Calidris minuta, Calidris 
canutus, Calidris alba, Tringa totanus, Tringa 
nebularia, Philomachus pugnax, Gallinago 
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gallinago, Glareola , ratincola, Larus 
melanocephalus, Larus minutus, Larus ridibundus, 
Larus genei, Larus canus, Larus , arinus, Larus 
ichthyaetus, Larus cachinnans, Sterna hirundo, 
Columba livia, Streptopelia decaocto, Streptopelia 
senegalensis, Alcedo atthis, Galerida cristata, 
Alauda arvensis, Hirundo rustica, Hirundo , aurica, 
Motacilla flava, Motacilla alba, Troglodytes 
troglodytes, Turdus merula, Locustella naevia, 
Acrocephalus scirpaceus, Acrocephalus 
arundinaceus, Hippolais icterina, Sylvia atricapilla, 
Phylloscopus trochiloides, Phylloscopus sibilatrix, 
Phylloscopus collybita, Phylloscopus trochilus, 
Muscicapa striata, Ficedula parva, Erithacus 
rubecula, Cercotrichas galactotes, Parus majör, 
Saxicola , ubetra, Saxicola torquatus, Remiz 
pendulinus, Lanius collurio, Pica pica, Corvus 
corone corone, Corvus monedula, Corvus 
frugilegus, Corvus corone cornix, Sturnus vulgaris, 
Passer domesticus, Passer hispaniolensis, Fringilla 
coelebs, Carduelis Carduelis, Emberiza hortulana, 
Emberiza melanocephala). According to 
[7] the distribution of the species in the protected 
categories was as follows: 4 A.1.2 (Critically 
Endangered), 7 A.2 (Endangered), 25 A.3 
(Vulnerable), 15 A.3.1 (Declining), 9 A.4 (Near 
Threatened), 18 A.5 (Least Concern), 1 B.1.2 
(Critically Endangered), 2 B.2 (Endangered), 8 B.3 
(Vulnerable), 2 B.3.1 (Declining), and 2 B.4 (Near 
Threatened). According to , the number 
of strictly protected species in Annex I was 22. The 
number of species in Annex II that stand for the 
warrantable species in geographical seas and land 
was 9. The number of warrantable species 
determined by the member countries in Annex-II-B 
category was 20. The number of species in Annex-
III-A category that can be warranted in a controlled 
manner was 1. And finally the number of species 
belongs to Annex-III-B category that the member 

countries can practice according to their own 
laws was 5. According to CITES [10] the distribution 
of the categories of the identified species was: 1 
Annex-I-B (trade is banned), 6 Annex-II-B (trade is 
partially allowed), and 7 Annex-III-B (trade is 
allowed partially). Other species were not included 
in any of the protected status. According to BERN 
Convention [9], out of 93 species, 51 were from 
Annex-II (strictly protected species), and 42 were 
from Annex-III (protected species) categories. Only 
Pelecanus crispus, Casmerodius albus, Egretta 
garzetta, Platalea leucorodia, Anas crecca, Anas 
acuta, Anas clypeata, Circus aeruginosus, Circus 
cyaneus and Falco naumanni were in protected 
status in five evaluations [6,8,9,10].  

The number of species-individuals identified in 
the field studies varied in different stations and 
months. During the studies, the highest number of 
species was recorded in September (57), and the 
lowest was in May (30) (Figure 2). The highest 
number of individuals was counted in January 
(11010) and the smallest was in May (854). The total 
number of the recorded individuals during the study 
for 93 species was 38,360 (Figure 3). 

The number of the species at the 1st station was 
74 and the total number of individuals was 33,857. 
For the 1st station, the highest number of species was 
recorded in January (39), and the lowest was 
recorded in May (24) (Figure 2). Majority of the 
individuals was counted in January (9,975) and the 
smallest was counted in May (634). In the second 
station total of 68 species were identified and the 
total number of individuals was 4,503. Among the 
recorded species, the majority was from June (39), 
and the least were from May (20). The highest 
number of the individuals was recorded in January 
(1,035), and the smallest number of individuals was 
in June

 

 
FIGURE 2 

The number of the species by months. 
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FIGURE 3 

The number of the species by months. 
 

TABLE 1 
Number of Species by Frequency and Dominance Value 

Frequency Dominance 
Value Number of 

Species 
Value Number of 

Species 
% 1-20 18 < % 5 88 
% 21-40 32 % 5-25 4 
% 41-60 18 % 25-50 1 
% 61-80 10 % 50-75  
% 81-100 15 % 75 >  

 
 

(186) (Figure 3). Among the 93 identified species in 
Körfez Wetland, 25 species were observed only at 
the 1st station and 19 were observed only at the 2nd 
station. Forty-nine species were observed at both 
stations. 

g to frequency values. 

and 15 species were recorded in every field study. 
According to dominance value, the population size 
of 93 species was as follows: 88 species were less 
than 5%, 4 species were between 5 - 25%, and 1 
species (Larus genei) was between 25 - 50% (Table 
1).  

 
 

DISCUSSION 

According to the literature, there was no 
comprehensive ornitofaunistic study for the Körfez 
Wetland.  However, the T.C. Ministry of Water 
Affairs and Forestry [11] published a report on the 
field and 101 bird species were observed and 

report, the number of species in Bird Bank database 
was expressed as 165 according to records of the last 

seven years. The number of identified species in our 
species was 93 in June 2014-May 2015 period. 
Although long-term observation may seem an 
advantage to fully reveal the diversity of species in 
the area, as many of those who contributed data to 
Bird Bank were amateur bird watcher and 
photographers, makes the identified 165 species 
controversial. It is because these amateur observers 
may record the individuals at adult, young and 
nestling stages and the male and female individuals 
of the same species as different species. However, 
the location and the bioecological properties of the 
area make continuous monitoring of bird species 
necessary. The most significant disadvantage of the 
area is its location in a densely populated and 
industrial area resulting in intense pressure. This 
pressure may lead the birds to abandon the area if 
necessary protection and usage policy are not put in 
place immediately.  

[7] contains a list of Turkey bird 
species and their immigration status. The 
immigration status of some bird species in the 
Marmara Region varies with our study when 
compared to this source. According to Kiziroglu [8], 
while Pelecanus crispus, Platalea leucorodia, Anas 
strepera, Netta rufina, and Saxicola rubetra were 
listed as N, for the Körfez Wetland, the immigration 
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status of these species were identified as TM. 
Similarly, Mergus merganser was recorded as WV 
in his study while in this study it was recorded as 
TM, Casmerodius albus, Streptopelia decaocto, 
Streptopelia senegalensis, Alauda arvensis, 
Motacilla alba, and Remiz pendulinus were recorded 
as N and in this study they were identified as SM. 
Phoenicopterus roseus, Cygnus olor, Tadorna 
tadorna, Anas platyrhynchos, Anas crecca, Anas 
acuta, Anas clypeata, Aythya ferina, Charadrius 
dubius, Charadrius alexandrinus, Tringa 
hypoleucos, and Tringa totanus were recorded as N 
and in this study they were recorded as WV. 
Glareola pratincola was SM and N and in this study 
it was WV. Moreover, while Larus minutus, Larus 
genei, Larus canus, Larus ichthyaetus were recorded 

 [6] study, they were recorded 
as N, N, SM and N in this study, respectively.  
Phylloscopus trochilus and Ficedula parva were 
identified as TM in his study and they were identified 
as N and SM in this study, respectively. Finally, 
Gallinago media, Phylloscopus trochiloides, 
Phylloscopus sibilatrix were recorded as SM and in 
this study they were identified as WV, N, and N in 
this study, respectively. The difference in the 
immigration status of these species was thought to be 
resultant of the data that covers all the Marmara 
Region in the study of Kiziroglu [7]. The data in this 
study, however, only includes the Körfez Wetland. 
Thus, the difference is natural when compared to the 
data obtained from a wider geographical sample of 
the Marmara Region.  

There is no scientific study about the Körfez 
Wetland outside the report prepared in 2015. For this 
reason, the ornitofaunistic features of the area were 
compared with important bird areas at various 
distances and areas in the Marmara Region (Table 2). 
Although Körfez Wetland is quite small (absolute 
protection zone) compared to other areas, it has a 

significant number of different bird species. 
Although the fact that the Körfez Wetland is located 
in an intensely populated, industrial and transport 
(sea, land and air) region and these pressures will 
increase over time, the area comes after Acarlar Lake 
when the diversity indexes of the areas were 
compared (Table 3). Moreover, there is a larger area 
of reed beds that was separated by a road (habitat 
fragmentation) from the absolute protection area 
where the bird species were recorded. This part is 
identified as the edge of the Kilez Stream. However, 
because of the reasons arising from industrial 
organizations, birds cannot use this part and the area 
gradually loses its protective properties. The area 
that birds use is a narrow coastal strip where marine 
and recreation activities are carried out. The 
diversity indexes of the species in Büyükçekmece 

calculated since the total individual numbers could 
not be accurately obtained. Thus, a comparison with 
other areas in terms of diversity indexes could not be 
carried out.  

Among the areas compared in this study, 

Lake contains only freshwater ecosystem. 
and Körfez 

Wetland contain both freshwater and saltwater 
ecosystems and together and they are coastal 
wetlands. They have more in common and are 
similar ecologically with Körfez Wetland. 
According to Sorenson Similarity Index results, 
Körfez Wetland matches 87% with Büyükçekmece 
Lake (Table 3). This result supports the ecological 
similarities. Although Sapanca Lake is the closest 
area to Körfez Wetland, increased similarity with 
Büyükçekmece Lake shows that ecological match is 
more important than distance. However, despite the 

 

 
TABLE 2 

Ornitofaunistic Properties of Wetlands 
 

City Name 
Size 
(ha) 

Number 
of Ordo 

Number 
of 
Familia 

Number 
of 
Species 

Number of 
Individuals 

Literature 

Bursa  29800 11 29 58 31337 [12] 

Sakarya 
Sapanca 
Lake 

4500 12 28 69 117413 [13] 

 
Büyükçek
mece Lake 

2850 14 42 170 - [14] 

Çanakkal
e Delta 

39378 15 34 90 - [15] 

Sakarya 
Acarlar 
Lake 

7200 17 39 178 73632 [16] 

Bursa 
Uluabat 
Lake 

13600 - - 33 - [17] 

Kocaeli 
Körfez 
Wetlands 

51,45 11 31 93 38360 This Study 
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and host close number of individuals, the similarity 
index was calculated at 43% due to the fact that they 
are on different migration routes. The aviary 
immigrants entering Turkey from Balkans continue 
their migration by separating into two as Çanakkale 

stanbul lines [6]. This has differentiated 
observed species in the area. 

As a result, Körfez Wetland has a significant 
importance for bird species and their life cycles in 
terms of both its location and ecological features. 
The area is increasingly under pressure and stands to 
lose its natural structure due to growing 
anthropogenic encroachment. Protection of such 
areas is extremely important for the continuation of 
the diversity of flora and fauna, especially for bird 
species. 
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TABLE 3 
Number of Species by Frequency and Dominance Value 

Margalef Index (D) Sorenson Index (S) 
Wetlands Value Compared Wetlands Value 
Acalar Lake 36,41 Körfez Wetlands-Büyükçekmece Lake % 87 
Körfez Wetlands 20,08 Körfez Wetlands-Sapanca Lake % 56 
Sapanca Lake 13,43 Körfez Wetlands-  % 50 

 12,69 Körfez Wetlands-Acarlar Lake % 47 
  Körfez Wetlands-  % 43 
  Körfez Wetlands-Uluabat Lake % 34 
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ABSTRACT 

 
This study was conducted in Ad

district during the 2012-2013 period, with the aim 
of determining the morphologic development of 
Damaye and NQ1 Goji Berry varieties, as well as 
the physical quality criteria and phytochemical rates 
of change of their fruits under the ecologic 
conditions of South-eastern Anatolia Project (GAP) 
upper region. In this context, in 2012 Damaye and 
NQ1 Goji Berry varieties were planted as tube 
seedling in randomized blocks experimental design, 
with three replications and 10 plants in each 
replicate, with an interval of 3 x 2 meters, starting 
from the second half of July in both years, some 
morphologic (plant height, shoot size, stem 
diameter, fruit width, fruit length, fruit weight, 
yield) measurements were made on varieties in 
each parcel, fruit samples were taken from the same 
parcel and certain physical and chemical (water 
soluble dry matter-WSDM, pH, ash, raw oil, 

-carotene quantity, total phenol, 
flavonoid, malic acid, ascorbic acid) analyses were 
also been conducted. According to the variance 
analysis results; the variety x year interaction was 

shoot size, yield and ascorbic acid characteristics, 
while in stem diameter, fruit size, fruit weight, 
WSD -carotene, total 
phenol and flavonoid characteristics, only the 

characteristics analysed during 2012, plant height 
(71.35 cm), shoot size (7.91 cm), yield (0.33 
kg/tree) were observed to be higher in Damaye 
variety than in NQ1 variety, while in 2013, plant 
height (67.02 cm), shoot size (7.91 cm), yield (0.33 
kg/tree) values were in contrast, where these values 
were higher in NQ1 variety when compared to 
Damaye variety. Ascorbic acid values were 
observed to be (10.78-12.29 mg/100 g) higher in 
NQ1 variety in both years. Values related to 
characteristics to such as fruit size (15.78 mm), fruit 
weight (4.13 g), protein rate, (11.68%), raw oil rate 

- al 
phenol (351.35 mgGAE/100 g) and flavonoids 
(51.09 mgQE/g) were higher in NQ1 variety than in 
Damaye variety, while characteristics such as stem 
diameter (6.55 mm) and WSDM (27.49%) were 
higher in Damaye variety than in NQ1. 

KEYWORDS:  
Goji berry, morphologic characteristics, physical 
analysis, chemical analysis, yield 

 
 

INTRODUCTION 
 
Known as Goji Berry (Lycium barbarum L.) 

st 
century. Goji Berry is mostly being grown in south-
western parts of China, and it is also being widely 
grown and used in south-eastern Asian countries 
and many European countries, particularly for 
medical aromatic plant purposes [1]. The origin of 
Goji Berry is rooted back to Asia and mostly it is 
being grown in the Himalayas, the highest 
mountains in the world, placed in Tibet and 
Mongolia [2]. Botanically, it is a member of the 
Solanaceae family, and the most common types are 
Lycium barbarum and Lycium sinensis. Goji Berry 
is a deciduous plant in bush form, grown in China. 
It has a red coloured, bright, ellipsoid and 1-2 cm 
long grape-like fruit. It is also being consumed with 
light or alcoholic drinks with its concentrated 
extracts and brewed juices [3]. Goji Berry fruit 
growing and studies on using it in other areas as a 
medical plant increasingly continues. It has the 
highest nutritional value in the world and is also a 
powerful antioxidant, and this fruit is being used for 
2000 years in China for medical purposes. In 
addition, it is also one of the most important fruits 
of Chinese cuisine. It is being widely used along 
with meat and vegetables, in soups, rice porridge 
etc. The fruit harvested from August to October is 
generally dried, while it is consumed fresh in May. 
In addition, its fresh leaves are consumed as 
vegetable. Because of all these characteristics, Goji 
Berry plant is rapidly increasing its popularity 
among the grape-like fruits [4, 5]. Many scientific 
studies were conducted on this issue. Researchers 
were reported that Goji Berry plant is particularly 
rich in polysaccharides, a renowned antioxidant, 
and its fruit contains 52 different flavonoid and 
phenolic acids, again in antioxidant compositions 
[6]. In a previously conducted study, the water 
distillable essential basic oils in L. barbarum  and 
L. ruthenicum fruits were analysed by the use of 
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GC-MS, and as basic compositions in the oils, 
hexadecanoic acid (47.5%), linoleic acid (9.1%),  

-Elemene  (5.4%), myristic acid (4.2%), ethyl 
hexadecanoate (4.0%) rates were determined. In L. 
ruthennium fruits on the other hand, the basic oil 
compositions were defined as heptacosane (14.3%), 
ethyl linoleate (10.0%), hexacosane (7.0%), 
nonacosane (6.2%), and ethyl hexadecanoate 
(5.8%) [7].  

The amount of studies conducted in relation to 
Goji Berry variety is not sufficient in Turkey. In 
this sense; it was aimed to determine the 
development performances of Damaye and NQ1 
Goji Berry varieties in upper GAP Region and the 
phytochemical characteristics of its fruit. 

 
 

MATERIALS AND METHODS 
 
Material. In the study, plant material were 

one year old tube seedling of L. barbarum L. 
crossbreed, self-yielding, fresh fruit diameter 1.25 
cm - 2.80 cm, fresh fruit yield 8 - 8.4 ton/acre NQ1 
variety and Ningxiya variety crossbreed, with oval 
fruits and a bit smaller than NQ-1, self-yielding, 
fresh fruit diameter of 1.25 cm - 2.80 cm, fresh fruit 
yield of 7.5 - 8 ton/acre Damaye Goji Berry 
varieties obtained from Yaban Company [8, 9]. 

 
Methods. 1. Experimental site and 

experimental design. The Province of Ad yaman 
was chosen as our study area. It is located in 
Turkey's South-eastern Anatolia Region with a 
7.644 km² land area and geographic coordinates of 

37° 

out using three replications in a randomized 
blocked design and to be 10 plants in each replicate 
with one-year of Goji Berry (tube seedlings) at 
distances 3 x 2 meters. 

 
2. Morphologic measurements. Starting from 

the second half of July in both years, measurements 
were made on 60 pieces of tube seedlings in each 
parcel 60 by considering the below issues [10]. 

Plant height: 30 plants in each parcel were 
measured from 15 cm above the main stem of the 
plant. 

Shoot size: Shoot sizes of 30 plants in each 
parcel were measured. 

Stem diameter, fruit width, fruit length: these 
were measured in 30 plants in each parcel by using 
a digital calliper with a sensitivity of 0.01mm.  

Fruit weights: 20 fruit samples from each 
parcel were weighed by using a precision balance 
with a sensitivity of 0.01. 

3. Physical and chemical analysis. 
During the month of August in both years, 1.5 kg of 
fruit samples were taken from the varieties in each 
parcel, and until the execution of the analyses, these 
samples were kept at - -freezer. Then 
the following physical and chemical analysis 
method was applied. 

Water soluble dry matter (WSDM): This was 
obtained by directly measuring the fruit juice in an 
ATAGO made refractometer [11]. 

pH value: Obtained by the use of a digital pH-
metre (SCHOTT G6 840) [12]. 

Ash determination: Obtained by burning the 
samples in an ash furnace at 550°C until they 
became white ash [13]. 

Raw oil analysis: Determined by the use of 
soxhelet extraction mechanism [14]. 

Protein analysis: The protein quantities of the 
fruits were obtained through Kjeldal method [15]. 

- -carotene quantity was 
obtained in accordance with AOAC (1980) [16]. 

Phenolic compounds: The phenolic matter 
quantity in fruit juice was determined in accordance 
with Folin-Ciocalteu method [17].  

Flavonoid analysis: The total flavonoid 
contents in fruit samples were defined by using 
spectrophotometric analysis method based on 430 
nm maximum absorbance complex flavonoid-
aluminium formation [18]. 

Ascorbic acid content: Ascorbic acid value in 
fruits was analysed by using a reverse phased 
HPLC with quad automatic sampling, diode array 
sensor and Hewlett-Packard 1100 system [19]. 

 
Data analysis. Data collected on different 

parameters were analysed statistically by using JMP 
statistical software program (5.0.1, SAS Institute, 
Cary, NC) for analysis of variance and means were 

difference (LSD) test at 5 % probability level [20]. 
 
 

RESULTS AND DISCUSSION 
 
The variance analysis table related to all the 

characteristics analysed in NQ1 and Damaye 
varieties were provided in Table 1. According to 
Table 1, variety x year interaction was significant at 
(P  in terms of plant height, shoot size, yield 
and ascorbic acid, while in terms of stem diameter, 
fruit length, fruit weight, WSDM, ash, raw oil, 

-carotene, total phenol and flavonoid 
characteristics, only the variety was significant at 

.05). Then in terms of fruit width, pH and 
malic acid characteristics, both the variety and 
variety x year interaction were not significant at 
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TABLE 1 
Results of variance analysis for the investigated characters and mean of sum of squares 

 
Source of 
Variance  Df 

PH 
( cm) 

PSD 
(mm) 

SL 
(cm) 

FW 
 (mm) 

FL 
(mm) 

FW 
 (g) 

Y 
 (kg/tree) 

Rep.  2 40.671 0.235515 0.04017 1.3858643 20.111529 0.00732052 0.0005142 
Year (Y)  1 14754.272 66.513341 135.78144 0.3057133 5.675125 0.00799112 2.4329600 
Variety (V) 1 37.737ns 0.514903* 3.47382* 0.0834976ns 53.013969* 0.22954112* 0.000943ns 
V x Y 1 186.020* 0.046094ns 13.61825* 0.3089139ns 6.450934ns 0.0029349ns 0.2794679* 
Error 6 65.574 0.111046 1.01487 0.4138681 36.48554 0.0063824 0.0680807 
Total 11 15084.275 67.420899 153.92855 2.4978572 121.73710 0.25417010 2.7819659 

Df: degrees of freedom; * Significant at the 0.05 probability level; ns= not significant.  
PH= Plant Height; PSD=Plant Stem Diameter; SL= Shoot Length; FW= Fruit Width; FL= Fruit Length; FW= 
Fruit Weight; Y= Yield 

 
TABLE 1 

Results of variance analysis for the investigated characters and mean of sum of squares 
 

Source of 
Variance  Df 

WSDM  
(%) 

Ash 
(g/100) pH 

CO 
 (%) 

Protein 
(%) 

Rep.  2 5.856906 0.00034739 0.01393206 0.0097778 0.1711491 
Year (Y)  1 0.005072 0.00095362 0.00044464 0.0010721 0.1075069 
Variety (V) 1 55.494174* 0.00180094* 0.01920364ns 7.4280882* 7.4227010* 
V x Y 1 0.033000ns 0.00145584ns 0.00011436ns 0.0070773ns 0.1671309ns 
Error 6 7.211556 0.00148266 0.04327227 0.0512352 0.3845333 
Total 11 68.600708 0.00604044 0.07696696 7.4972507 8.2530213 

Df: degrees of freedom; * Significant at the 0.05 probability level; ns= not significant. 
WSDM= Water Soluble Dry matter; CO= Crude Oil 
 

TABLE 1 
Results of variance analysis for the investigated characters and mean of sum of squares 

 
Source of 
Variance  Df AA 

(mg/100 g) 
BC 

 
MA 
 (mg/100) 

Total phenol 
(mgGAE/100 g) 

Flavonoids (mg 
QE/g ) 

Rep.  2 0.0160707 0.13373648 19.313253 0.34320 0.512404 
Year (Y)  1 0.0024884 0.03783932 9.367162 0.10166 0.576787 
Variety (V) 1 7.4773068* 0.87020786* 38.098566ns 436.76025* 14.489893* 
V x Y 1 0.0172371* 0.01641679ns 8.676518ns 0.47025ns 0.720530ns 
Error 6 0.0119295 0.0610762 47.35055 3.85170 3.942948 
Total 11 7.5250326 1.1192766 122.80605 441.52706 20.242562 

Df= degrees of freedom; * Significant at the 0.05 probability level; ns= not significant. 
AA= Ascorbic Acid; BC= -Carotene Quantity; MA= Malic Acid 
 
 

The average values of plant height, shoot size, 
yield and ascorbic acid characteristics in NQ1 and 
Damaye varieties were provided in Table 2. In 
terms of plant height, shoot size, yield and ascorbic 
acid characteristics, variety x year interaction was 

Damaye variety was 71.35 cm, and in NQ1 variety, 
it was 67.02 cm; shoot size in Damaye variety was 
7.91 cm, while in NQ1 variety it was 6.86 cm; yield 
in Damaye variety was 0.33 kg/tree, and in NQ1 
variety it was 0.22 kg/tree. Then in 2013, in 
contrast to 2012 and in terms of analysed 
characteristics, plant height in NQ1 variety was 
143.03 cm, and in Damaye variety it was 133.61 
cm; shoot size in NQ1 was 15.72 cm, and in 
Damaye it was 12.51 cm; yield in NQ1 variety was 
0.75 kg/tree, and in Damaye variety it was 0.58 
kg/tree. In 2012 and 2013 the NQ1 variety ascorbic 
acid values (12.39 mg/100 g  12.29 mg/100 g) 

were higher than the Damaye variety ascorbic acid 
values (10.74 mg/100 g  10.78 mg/100 g) (Table 
2). During the first year, Damaye variety had a 
better performance in terms of plant height, shoot 
size and yield per tree, compared to NQ1, but in the 
second year, NQ1 variety displayed a better 
performance than Damaye variety in terms of plant 
height, shoot size and yield per tree. In both years, 
ascorbic acid values were higher in NQ1 variety 
than Damaye variety. In a study conducted in 
Bulgaria on JB 1 and JB 2 Goji Berry varieties, it 
was reported that the varieties reached a length of 
40 cm in a year and in JB 1 variety, yield was 0.56 
kg/tree [21]. In a study conducted on the fruits of 
two Goji Berry varieties, L. barbarum and L. 
chenensis, it was observed that the ascorbic acid 
content was 36.24 mg/100 g  68.26 mg/100 g in 
both [22]. 
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TABLE 2 
The average values of plant height, shoot length, yield, ascorbic acid for Goji Berry varieties 

 
2012 2013 
Varieties PH 

(cm) 
SL 
(cm) 

Y 
(kg/tree) 

AA 
(mg/100 g) 

PH 
(cm) 

SL 
(cm) 

Y 
(kg/tree) 

AA 
 (mg/100 g) 

NQ1 67.02 b 6.86 b 0.22 b 12.39 a 145.03 a 15.72 a 0.75 a 12.29 a 
DAMAYE 71.35 a 7.91 a 0.33 a 10.74 b 133.61 b 12.51 b 0.58 b 10.78 b 
LSD 14.982* 1.448* 0.494* 0.223* 12.162* 1.490* 0.405* 0.114* 

*Different letters between genotypes denote significant differences at 5% probability level 
PH= Plant Height; SL= Shoot Length; Y= Yield; AA= Ascorbic Acid 
 

TABLE 3 
The average values of plant stem diameter, fruit length, fruit weight, water soluble dry matter, ash for 

Goji Berry varieties 
 

Varieties 
PSD 
 (mm) 

FL 
 (mm) 

FW 
(g) 

WDM 
 (%) 

Ash 
(%) 

NQ1      6.14 b 15.78 a 0.70 a 23.19 b 0.08 a 
DAMAYE      6.55 a 11.57 b 0.43 b 27.49 a 0.05 b 
LSD      0.192* 3.483*  0.676* 1.548* 0.022* 

*Different letters between genotypes denote significant differences at 5% probability level 
PSD=Plant Stem Diameter; FL= Fruit Length; FW= Fruit Weight; WDM= Water Soluble Dry Matter 
 

TABLE 4 
-carotene quantity, total phenol, flavonoids for Goji Berry 

varieties 
 

Varieties 
Protein  
(%) 

Crude oil 
(%) 

BC 
 

Total phenol 
(mgGAE/100 g) 

Flavonoids 
(mg QE/g ) 

NQ1 11.68 a 8.12 a 8.83 a 351.33 a 51.09 a 
DAMAYE 10.11 b 6.55 b 8.29 b 339.26 b 48.89 b 
LSD 0.357* 0.130* 0.142* 0.212* 1.145* 
*Different letters between genotypes denote significant differences at 5% probability level. 

-Carotene Quantity 
 
 

The average values of stem diameter, fruit size, 
fruit weight, WSDM and ash contents in NQ1 and 
Damaye varieties were provided in Table 3. 
According to Table 3, the varieties were significant 

weight, WSDM and ash contents. In Damaye variety 
the stem diameter was 6.55 cm, and in NQ1 variety 
it was 6.14 cm; fruit size in NQ1 variety was 15.78 
mm, and in Damaye variety it was 11.57 mm; fruit 
weight in NQ1 variety was 0.70 g, and in Damaye 
variety it was 0.43 g; WSDM in Damaye was 
27.49%, and in NQ1 it was 23.19% and ash content 
in NQ1 variety was 0.08 %, and in Damaye variety 
it was 0.05%. In terms of stem diameter and WSDM 
characteristics, Damaye variety ranked first, while in 
terms of fruit size, fruit weight and ash content 
characteristics, NQ1 variety was ranked first. The 
data gathered in the study was in parallel to the 
findings of other studies on the same subject. In a 
study conducted on Ningxia Goji Berry variety, an 
ash content of 0.95% ± 0.11 was reported in fruits 
[23]. In another study conducted on the physical 

quality criterions of Goji Berry fruit, fruit size was 
reported as 11.50 mm and water soluble dry matter 
was reported as 11.63% [22]. In another study on 
Goji Berry fruit, water soluble dry matter was 
reported as 59.16 % and ash content was reported as 
0.063% [18]. 

-
carotene, total phenol and flavonoids in NQ1 and 
Damaye varieties were provided in Table 4. The 

-carotene, total phenol and 
flavonoids. Protein content in NQ1 variety was 
11.68%, and in Damaye variety it was 10.1%1; raw 
oil content in NQ1 variety was 8.12%, and in 

-carotene content in 

wa  in NQ1 variety was 
351.33 mg GAE/100 g, and in Damaye variety they 
were 339.26 mg GAE/100 g and flavonoid in NQ1 
variety was 51.09 mg QE/g, and in Damaye variety 

-carotene, 
total phenol and flavonoid characteristics in NQ1 
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variety were higher than Damaye variety (Chart 4). 
The data gathered in the study was similar to the 
findings of other studies on the same subject. In a 
study conducted on Goji Berry fruit, it was reported 
that this fruit contains 268.35 mg GAE/100 g of total 
phenol and 116.27 mg/100 g of flavonoid [22]. The 
researchers were reported 12.20± 1.38% raw protein 
in Ningxia variety Goji Berry fruit [23]. In a study 
conducted on Goji Berry (L. barbarum L.) fruit, 
4.11% raw oil, 3.44 mg GAE/ 100 ml total phenol 
and 8.9% protein were reported [24]. In another 
study conducted on the fruits of two different Goji 
Berry varieties; it was reported that L. barbarum 
samples contained 61.59 ± 1.68 mg GAE/100g total 
phenol, 43.73 ± 1.3 mg RE/g phenoloid, while in L. 
chenensis variety, 80.64 ± 2.02 mg GAE/100g total 
phenol and 61.65 ± 0.95 mg RE/g phenoloid were 
measured [25]. 
 
 
CONCLUSION 

 
Considering the two year morphologic and 

phytochemical characteristics of NQ1 and Damaye 
Goji Berry varieties; it was concluded that in 2012, 
Damaye variety was displayed a better performance 
than NQ1 variety in terms of plant height, shoot size 
and yield. However, in 2013, plant height, NQ1 
variety was displayed a better performance than 
Damaye variety in terms of shoot size and yield. The 
reasons for NQ-1 variety exhibiting a slower 
development than Damaye variety during the first 
year can be associated with a longer duration of 
completing the vegetative development due to 
variety characteristics, when compared to Damaye 
variety, and also with the fact that in the following 
years, after completing its vegetative development, 
there is a difference in terms of efficient yield, again 
when compared to the Damaye variety. In terms of 
ascorbic acid, the highest ascorbic acid content was 
again observed in NQ1 variety fruit. In terms of 
phytochemical characteristics such as protein, raw 

-carotene quantity, total phenols and 
flavonoids, higher values were obtained in NQ1 
variety than in Damaye variety. In terms of all 
morphologic and phytochemical characteristics 
analysed in upper GAP Region in 2013, NQ1 variety 
was ranked first. However, to be able to recommend 
NQ1 variety, more detailed studies need to be 
conducted on this variety, in different locations, and 
by including varieties with different characteristics.  
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ABSTRACT 

 
Northeastern rice is one of the best rice brand 

in China, which has good taste and rich in nutrition. 
But the difference of heavy metals and healthy trace 
elements in northeastern and southern rice were few 
reported. Nineteen northeastern rice and seventeen 
southern rice samples were investigated. 
Northeastern rice contained more Ca, Mn, Fe, Zn, 
and Cu, but less Se and Mo as compared to 
southern rice. But southern rice contained more Cd 
and Cr; especially Cd often exceeded than national 
standard. All these data should be related to the 
content of these elements in soil. In summary, we 
can conclude that northern rice is more nutritional 
and safer than southern rice in China. 

 
 

KEYWORDS:  
Northeastern rice of China, Heavy metals, Healthy trace 
elements, Cadmium, Food safety, ICP-MS 

 
 

INTRODUCTION 

 
Northeastern rice is one of the best rice brand 

in China, which is mainly grown in northeast China 
including Heilongjiang, Liaoning and Jilin 
provinces, has good taste and rich in nutrition [1]. 
Rice quality is significantly related to the local 
climate [2] and the environment of the soil [3], and 
the quality of northeastern rice is better than 
southern rice, including protein content, lower 
amylase content and higher phospholipids content 
[4].  

Except nutrition content, heavy metals have 
also become an important index to evaluate rice 

[5]. The cadmium (Cd) 
contamination of rice and its potential health risk of 
484 rice samples. The mean Cd content ranged 

from 0.149 to 0.189 mg·kg-1 and Cd concentration 
in more than 18% of rice samples exceeded the 
maximum allowable Cd concentration, and the 
highest level of 41.1 % was observed in samples 
from Hezhang, Guizhou, south of China [6]. So it is 
very meaningful to compare the content of heavy 
metals and healthy trace elements in northeastern 
and southern rice. 

 
 

MATERIALS AND METHODS 

 
Materials. Total Nineteen samples of 

northeastern rice were selected, ten samples from 
Heilongjiang province, four from Liaoning 
province and five samples from Jilin province. 
Seventeen samples from the harder-hit area of 
Cadmium rice which is located in the south of 
China, eleven samples from Hunan province and 
six samples from Guangdong province were 
selected. 

 
Methods. The ICP-MS PQ Excel instrument 

(ELAN DRCII, PE Company, USA) from Central 
Laboratory, School of Public Health, Peking 
University was used for analysis. Sample 
preparation and Instrument parameters were 

arch [7-8]. 
 
 

RESULTS AND DISCUSSIONS 

 
Content of beneficial elements. Rice 

contained many kinds of trace elements, such as Ca, 
Mn, Zn, Fe, Cu, Mo, and Se (Table 1), which are 
essential for human health. As compared to 
southern rice, northeastern rice contained more Ca, 
Mn, Fe, Zn, and Cu, but less Se and Mo. All these 
data is related to the content of these elements in 
soil. So, we can conclude northern rice is more 
nutritional than southern rice. 
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TABLE 1 
Content of beneficial elements in Northeastern rice 

 
Elements Northeastern rice Southern rice 

Ca 97.6-120.7μg·g-1 81.7-100.5μg·g-1 
Mn 61.5-80.0μg·g-1 44.8-71.3μg·g-1 
Fe 12.3-15.7μg·g-1 11.5-13.8μg·g-1 
Zn 34.9-43.2μg·g-1 27.4-36.4μg·g-1 
Cu 5.3-8.1μg·g-1 3.7-6.7μg·g-1 
Se 15.5-18.3 ng·g-1 33.7-42.6 ng·g-1 
Mo 200.5-277.6 ng·g-1 253.8-377.6 ng·g-1 

 
 

TABLE 2 
Content of heavy metals in Northeastern rice (μg·kg-1) 

 
Elements Northeastern rice Southern rice 

Cr 2.3-6.8 8.7-10.7 
As 130.5-161.7 80.8-151.3 
Cd 52.5-80.9 145.8-211.3 
Pb 9.9-19.6 2.7-10.5 

 
 

Content of heavy metals. The results of 
heavy metals Cr, As, Cd, and Pb are shown in 
Table 2. Northern rice contained more As and Pb 
than southern rice, which is mainly dependent on 
As and Pb content in soil. However, southern rice 
contained more heavy metals Cd and Cr, especially 
Cd often exceeded than national standard 
(0.2μg/kg). All these data mainly depend on the 
heavy metals content in soils, because the Cadmium 
pollution in southern soil is very severe. 
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ABSTRACT 
 

Due to significant cost reduction, simpler 
implementation procedure, and capability in 
managing large flows, the application of labyrinth 
weir has attracted the designers of such structures. 
This is because of elongation of effective length of 
weir within a limited width of excavated area in the 
outlet channel of the spillway. Among the 
advantages of labyrinth weirs are high capacity, 
simple aeration, and low water flow surface over the 
weir. The piano key weirs (PKW) are a new type of 
high discharge capacity spillways. This study 
investigated the discharge coefficient of a PK weir 
and a trapezoidal labyrinth weir. Results showed that 
the discharge coefficient in the PK weir increased by 
about 30%, relative to trapezoidal labyrinth weir. 
The difference in flow coefficient decreases with 
increasing hydraulic load. This factor is equal in both 
weirs at the submerged and post-submerged 
discharge rates 
 
 
KEYWORDS: 
Labyrinth Weir, Trapezoidal Weir, Piano Key Weir, 
Discharge Coefficient 
 
 
INTRODUCTION 

 
Weirs have a significant role in the safety of 

dams, and are responsible for a large portion of dam 
construction costs. They are among structures used 
for the measurement and management of water flow. 
One of the main reasons for dam failure is 
insufficient discharge capacity of weirs. Therefore, 
designing weirs with high discharge rate is very 
important. The labyrinth weirs are recognized with 
their indirect axis in plan that is repeated 
periodically. Relative to the weirs with linear crests, 
these types of spillways have longer linear crest, 
within a certain width, and greater discharge 
capacity at an equivalent hydraulic load. The 

efficacy of such weirs at low hydraulic load is 
significant, as an increase in nappe width will lead to 
interference of flow layers and decreased discharge 
coefficient. At the flood peak, the overflow 
discharge usually reaches a maximum value in a 
short time which necessitates a weir with high 
discharge capacity. To this end, labyrinth weirs, 
which have a greater discharge capacity than linear 
weirs, are used [1]. The PK weirs are a new type of 
economically very efficient spillways with a very 
high discharge capacity.  

Similar to labyrinth weirs, PKWs are curved in 
plan. This characteristic allows them to increase the 
discharge rate within a certain width of weir channel. 
In a similar vein to labyrinth weirs, PK weirs are a 
good solution to meet such needs of dam projects as 
higher discharge capacity or smaller cross-section 
devoted for flood discharge. At present, there is 
limited knowledge about the effect of different 
geometric parameters of PKWs on their hydraulic 
performance (Figure 1). 

 
FIGURE 1 

Piano Key Weir [2]. 
 

As a result, the construction of such weirs 
increases discharge rate and lowers free upstream 
head, relative to linear spillways. This is very 
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important when it functions as a flood discharge 
control structure by facilitating the flood routing [3]. 

The early studies by Hay and Taylor (1970) 
showed that the performance of Labyrinth weirs is 
independent of W/P ratio, where W and P stand for 
cycle width and weir height respectively. 
Complementary studies by Falvey (2003) have 
revealed that if w/P ratio is below a certain level, it 
will have a significant effect on the reduction of 
weir's efficacy. 

The first PKW was installed in 2006 at the 
Goulours dam in France [5]. During 2008-2010, PK 
weirs were used to improve flood discharge at 
different dams such as Mark Saint, Etroit, and 
Goulours. Laboratory studies by Ouamane and 
Lempérière (2006) showed two dominant flow types 
in PKWs, as follows: The inlet key attracts the 
approach flows, and similar to sharp-crested weirs 
with sloped sidewall, nappe flow discharges into 
downstream over the inlet crest. The second pattern 
is formed on the outlet keys in that the outlet crest jet 
flow discharges into the downstream of the sloped 
discharge key. 

Leite Riberio et al. (2012) used the results of 
existing physical models to develop a general 
equation for PKW's discharge-stage relationship. 
According to their findings, the capacity of such 
weirs is mainly a function of over the weir water 
height, overall length, the inlet key height, and the 
transverse width.  

Machiels (2012) reported the positive effect of 
parapet wall on hydraulic performance of such weirs 
by increasing weir height to reach the optimal height. 

Crookston and Tullis (2012c, 2012d) 
investigated the characteristics of nappe interference 
and local submergence in triangular labyrinth side 
weirs with two and four cycles and different apex 
angles in a laboratory. Results showed that in low 
discharge rates, the discharge coefficient is larger in 
triangular labyrinth side weirs than the linear weir 
due to the small nappe interference, and the 
interference intensity gradually increases with 
increasing discharge. This leads to the reduction of 
discharge coefficient to an amount similar to 
discharge coefficient in a broad-crested weir.  

Anderson and Tullis (2012) compared the 
hydraulic performance of Labyrinth weirs and 
rectangular PKWs. Results indicated better 
performance of PKWs because of the loss reduction 
in inlet keys.  

Ouamane and Lempérière (2006) concluded 
that the application of PK weirs as common free-
flow spillways is a simple, safe, and efficient 
solution. The PK weirs can increase the discharge 
rate by four times, significantly decrease the costs in 
new dams and ensure their safety, and improve 
current flood control mechanisms in many existing 
dams. 

To have a better understanding of the 
shape of a piano key weir and its characteristics, it 
should be said that a change in standard design 
parameters such as upstream flow conditions, a 
slight crest-shape modification, or structural change 
can alter flow properties. 

Crookston et al. (2012) performed some studies 
into two- and four-cycle trapezoidal labyrinth weirs 
with the sidewall angles of 15°. Their results are 
presented in Figure 2. 

 

 
FIGURE 2 

Discharge ratio to Ht/p for trapezoidal labyrinth 
weir with sidewall angle of 15° [12]. 

 
In addition, Anderson and Tullis (2013) 

compared the performance of PK weirs in the inlet-
outlet key ratios of 0.67-1.5, and concluded that 
increased Wi/Wo (the inlet key width to the outlet 
key width) increases flow coefficient. In this figure, 
Cd is the flow coefficient, Ht is the head over a weir, 
and P stands for weir height (Fig. 3).  They also 
studied the flow coefficient in trapezoidal labyrinth 
weirs with different sidewall angles, and observed 
maximum flow coefficient at the sidewall angle of 
35°(Fig. 4). 

Javaheri and Kabirisamani (2011) performed 
several studies on 20 geometrically different 
laboratory models to determine the effect of 
geometric and hydraulic parameters on PKW 
discharge. They investigated the impact of effective 
geometric parameters including weir length, weir 
height, and inlet and outlet widths on PKW's 
discharge coefficient. Finally, an equation with the 
least error rate was proposed as the best equation for 
determination of weir discharge coefficient at free 
flow condition, using general equation of weirs. 
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FIGURE 3 

Discharge coefficient relative to Ht/p for five 
types of inlet key to outlet key ratios in PKW 

[13]. 
 

 
FIGURE 4 

Discharge coefficient to Ht/p for trapezoidal 
labyrinth weir with different sidewall angles[13].  

 
Karimi-Chahartaghi et al. (2014) studied the 

effect of varying crests at the angles of 0° and 10° on 
the discharge coefficient and discharge-stage curve 
of PKW physical model. They finally estimated the 
discharge coefficient values as about 1.76 at the crest 
angle of 0° and almost 6.13 at the crest angle of 10°, 
using general equation of weirs. These results 
indicate that a slight change in weir crest increases 
the discharge coefficient by 3.5 times, which is 
economically efficient. 

In a laboratory study, Heidarpoor et al. (2006) 
investigated the condition of one-cycle Labyrinth 
weirs with rectangular and U-shaped plans. Results 
from the experiments suggested that the discharge 
coefficient within a certain Ht/P (the ratio of overall 
upstream energy to weir height) increases with 

increasing weir height (Fig. 3). In addition, 
comparisons illustrated that elongation across flow 
direction in Labyrinth weirs reduced discharge 
coefficient, whereas an elongation perpendicular to 
flow direction increased discharge coefficient. 

 

 
FIGURE5 

Discharge changes in rectangular Labyrinth 
Weir at different elevations[16].  

 
Few people have performed hydraulic research 

into PK weirs. Ouamane and Lempérière (2006) 
believe that the discharge rate in PK weirs is at least 
by 4-time larger than conventional weirs, which 
increases the capacity of reservoir. Barcoda et al. 
(2006), Hien et al. (2006), Lempérière and Ouamane 
(2003), Lempérière and Ouamane (2006), Anderson 
and Tullis (2011), Laugier et al. (2011), Machiels et 
al., (2011), Pralong et al. (2011), and Lempérière and 
Ouamane (2006) concluded that adding to the 
number openings in low heads improves the efficacy 
of the weir. Lempérière and Ouamane (2006), Hien 
et al. (2006), and Barcoda et al. (2006) showed that 
if the inlet opening was considered bigger than the 
outlet opening, the discharge rate in the weir would 
be increased.  

Despite some previously conducted studies into 
the performance of PK weirs, this research 
performed some experiments to determine the 
discharge coefficient in a PK weir and a two-cycle 
trapezoidal Labyrinth weir. 
 
 
DIMENSIONAL ANALYSIS 

 
According to Fig. 6, the important geometric 

parameters in a PKW design are as follows: weir 
height (P), height of crest to center of sloped floor 
(Pm), crest centerline length (L), slope of the inlet 
key (Si) and outlet key (So) floors, spillway width 
(W), spillway length (B), outlet key length (Bo),inlet 
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key length (Bi), inlet  key width (Wi), outlet key 
width (Wo), wall thickness (Ts), overall key width 
(w; where w = Wi + Wo  Ts), and number of keys 
(N). 

Important geometric ratios in a PKW design 
include: weir crest length over spillway width 
(n=L/W), inlet-outlet weir lengths ratio (Bi/Bo), 
inlet-outlet key widths ratio (Wi/Wo), and finally 
wall thickness to weir height (Ts/P). 

According to previous studies and 
observations, there are six factors affecting 
discharge capacity of PK weirs:  Crest shape and 
thickness, submergence of crest, mutual impacts of 
nappe over the weir, approach flow conditions, 
critical cross-section along the inlet key, and head 
loss in the entrance of the inlet key[8].  

According to previous studies, factors affecting 
the performance of trapezoidal Labyrinth weirs are 
as follows: Geometric parameters including weir 
width, crest length, height of crest above the 
upstream floor, length of apex's inner face, and angle 
of weir wall to main flow direction; structural 
configurations including crest shape, presence of 
aprons, and wall thickness; exploitation conditions 
including overall hydraulic load, and different stages 
of weir submergence and de-aeration; downstream 
conditions including crest height, water depth, 
slopped or non-slopped downstream, etc.; upstream 
conditions including inlet conditions, shape of guide 
wall, sloped and non-sloped upstream, etc. [23]. 

 

 
FIGURE 6 

Important geometric parameters in PKW design 
[12]. 

The exact description of a three dimensional 
flow in Labyrinth weirs is very difficult. This is 
because a mathematical equation is needed in which 
energy, momentum, and continuity equations, along 
with such parameters as weir geometry, crest shape, 
local submergence, interference of flow layers over 
a weir, non-parallel flow lines, pressure under nappe, 
presence or absence of an air pocket behind nappe, 

effects of surface tension and viscosity, etc. 
are considered. 

Anderson and Tullis (2011) developed several 
laboratory prototypes to study the geometry of PK 
weirs, and developed coefficient of discharge (Cd) 
for the assumed discharge (Q), using Equation 1. 

                                           1) 

In Equation 1, Q = weir discharge, L = length 
(like length of weir), g = acceleration of gravity, 
H0=overall hydraulic load, and Cd=dimensionless 
discharge coefficient, which are determined through 
experiments. 

In general, effective hydraulic quantities in PK 
weirs can be presented as follows 

,Bo,Si,So,t,p,D,W,n,H0,Hd,Se,S,Y,V
,g,                                               (2) 

where, Q=channel discharge, Bi=inlet key 
width, Bo=outlet key width, Y=depth of flow in 
channel, V=velocity of flow in channel, 
g=acceleration of gravity, μ=dynamic 
viscosity=fluid density, t=thickness of weir wall, 
U=cinematic viscosity, Si=inlet key slope, S0=outlet 
key slope, D=weir height in downstream, p=weir 
height in upstream, W=cycle width, n=cycle 

load on upstream, Hd=overall hydraulic load in 
downstream, S=channel slope, B=channel width, 
Se=factor determining the shape of crest cross-
section. 

effect of hydraulic head on hydraulic conductivity in 
trapezoidal Labyrinth and PK weirs were 
investigated at three different weir elevations: 

Cd = F (H0/P, P) (3) 
 
 
MATERIALS AND METHODS 

 
This study investigated and compared PK and 

trapezoidal Labyrinth weirs from a hydraulic 
perspective. This was conducted by recording the 
flow depth and velocity at upstream and 
downstream, and calculating the discharge rate. 

Laboratory experiments in this study on a 
laboratory flume were carried out in the Hydraulic 
Laboratory of the Water and Electricity Organization 
of Khuzestan-Iran. In this study, laboratory 
prototypes of the weirs were examined in a 
rectangular free-flow flume with the length, width, 
and depth of 10m, 0.3m, and 0.6m respectively. The 
flume walls were made of transparent glass, and thus 
the water surface profile and flow conditions were 
observable. To ensure the accuracy of the tests 
results, the flume was checked in terms of sealing 
and any probable cracks in its edges. Specifications 
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of different parts of the flume and laboratory 
equipment used in this study are as follows (Fig. 7):   

Groundwater storage tank, digital flow meter 
for the measurement of discharge with an accuracy 
of 0.2 L/s, stilling tank (head tank), 3-inch electric 
submersible pump with maximum discharge of 
120m3/h 

The flume bottom was kept fixed and 
horizontal (the bed slope was almost zero). First, the 
pump discharged the flow from the storage tank to 
the head tank at flume inlet (flume upstream). The 
low volume of flow slowly discharged in the channel 
and smoothly flowed over the spillway installed on 
the flume bed. Then, discharge rate was changed to 
study and record the hydraulic conditions of weir 
discharge. Finally, water flow entered the pump tank 
through downstream channel and returned to the 
cycle. 

In this study, the trapezoidal Labyrinth and PK 
weirs were tested with different discharge rates and 
heights. The weirs used in this research were made 
of Plexiglas (Fig. 8). After the models dimensions 
were obtained, the required cuts were made with a 
laser cutting machine. 

 

 
FIGURE 7 

General scheme of laboratory flume 
 
Then, different pieces of weir were connected 

with a specific adhesive. Installation of the 
laboratory prototypes of weirs was carefully done by 
balancing and waterproofing them with adhesive 
(Fig. 8). In all experiments, upstream and 
downstream beds were equally balanced. In addition, 
the width of discharge channel was considered as 
30cm, and w/p ratios were considered as 2, 2.5, and 
3. The thickness (t) and apex diameter (A) of the 
trapezoidal Labyrinth weir were considered as 5mm 
and 3.5cm, respectively. For highly accurate 
determination of H0/p effect on the performance of 
investigated weirs, 12 flows (from 5 to 100m3/h) 
(before submergence to submergence and after 
submergence) with different hydraulic loads were 
applied to each weir. Submergence refers to the 
situation in which the downstream flow depth 
exceeds crest elevation [24]. According to the 
studies, the effect of submerged Labyrinth weirs is 
similar to that of linear weirs, in that if the 
downstream water depth does not exceed the crest 

elevation, it will have no impact on the 
performance of the weir. In other words, the 
discharge rate starts decreasing only if the tailwater 
depth exceeds the crest elevation. It is worth noting 
that the use of Labyrinth weirs is not recommended 
under extreme submergence [25]. In studies into fuse 
gates, Falvey and Trielle (1995) reported similar 
results. In addition, Hay and Taylor (1970) 
disapproved the use of Labyrinth weirs in extreme 
submergence conditions. 

 

 
FIGURE 8 

Installation of trapezoidal & PK weir in 
laboratory flume 

 
The complexity of flow pattern and the effect 

of different and uncertain factors on the hydraulic 
characteristics of Labyrinth weirs have caused the 
extended use of physical models in studying, 
designing, and using such weirs. In Labyrinth weirs, 
it is expected to see changes in the discharge 
capacity efficacy with geometric fluctuations in their 
length. However, due to the flow interference, the 
flow coefficient is smaller in Labyrinth than linear 
weirs within the same length[4]. 

The geometric and hydraulic specifications of 
the examined weirs are presented in Tables 1 and 2. 
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TABLE 1 
Geometric and hydraulic specification of PK weirs 

 
TABLE 2 

Geometric and hydraulic specifications of 2-cycle trapezoidal weir 
Model W(cm) w/p L (mm) T(mm) Trapezoidal 

Sidewall Angle 
N No. of tests

Trapezoidal 15 2, 2.5,3 136 5 7 2 36

 

 

 
FIGURE 9 

Effect of flow on discharge coefficient in 
trapezoidal plan-form and PK weirs 

 
 

FINDINGS AND DISCUSSION 
 
Flow coefficient in trapezoidal plan-form and 

PK weirs under the influence of weir height  
In this study, hydraulic performance of a 

trapezoidal plan-form Labyrinth weir was compared 
with that of a PK weir in laboratory. It is worth 
noting that both of the investigated PK and 
trapezoidal plan-form weirs had two cycles. The 
comparisons suggested that in both investigated 
weirs, the flow coefficient first raised to its 
maximum level with increasing hydraulic load ratio 
to almost 0.2 (H0/P=2.0), and then started 
decreasing. According to the research findings, both 

weirs showed the maximum flow coefficient in small 
hydraulic load ratios. (H0=hydraulic load over the 
weir, P=weir height) 

According to Fig. 9, with a 50% increase in 
weir height (p) from 5cm to 7.5cm (w/p=3 to w/p=2) 
in the PKW, the flow coefficient rises by about 26%. 
In the trapezoidal plan-form weir, 50% increase in 
weir height from 5cm to 7.5cm (w/p=3 to w/p=2) 
increases the flow coefficient by about 24%. 

The obtained results are consistent with the 
findings of Heidarpoor et al. (2006) in their 
laboratory study into the condition of discharge 
coefficient in one-cycle Labyrinth weirs with 
rectangular and U-shape plan-forms. Tests results 
suggested that the discharge coefficient in a certain 
Ht/P (overall upstream energy to weir height) 
increases with increasing weir height.  

In both trapezoidal plan-form and PK weirs, the 
flow coefficient increased with increasing weir 
height at low hydraulic load (H0/P<0.4), whereas the 
flow coefficient did not significantly increase with 
increasing weir height at higher hydraulic load 
(H0/P>0.4). In general, the effect of weir height on 
flow coefficient decreases with approaching the 
submerged discharge (which occurs when the water 
head in downstream is equal to weir head), in that in 
post-submerged discharge, weir height increase does 
not have any impact on flow coefficient. 

Tullis et al. (2007) showed that the 
submergence effect of Labyrinth weirs is similar to 
that of linear weirs, insofar as if the water depth in 
downstream does not exceed the crest head 
(submerged discharge), it will have no impact on the 
weir performance. In other words, the discharge rate 
decreases only when the tailwater depth exceeds the 
crest head. It is noteworthy that the use of Labyrinth 
weirs is not recommended in extreme submergence 
conditions. Moreover, Hay and Taylor (1970) 
disapproved the application of such weirs in extreme 
submergence conditions.  

The submergence thresholds in PK and 
trapezoidal plan-form weirs occurred in the 
H0/P>0.54 and H0/P>0.51 respectively (H0= head 
over the weir and P=weir head).  

According to Figure 9, the maximum flow 
coefficient (almost 0.88) occurred in PK weir in the  

Model W(cm) w/p L (mm) T(mm) N Wi/Wo No. of tests

PKW 15 2, 2.5, 
and 3

135 5 2 1.25 36
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FIGURE 10 

Flow coefficient in trapezoidal plan-form and 
PK weirs in different height ratios 

 
H0/p=0.17 (hydraulic load ratio) and w/p=2 

(cycle width to weir height). In addition, the 
maximum flow coefficient in trapezoidal Labyrinth 
weir (almost 0.68) occurred in H0/P=0.18 and 
w/p=2. In both weirs, the flow coefficient increased 
with increasing weir height ratio. In addition, in both 
weir types, with increasing the hydraulic load, the 
flow coefficient first increased and then decreased, 
and reached to its minimum value in the submerged 
discharge. In that, the flow coefficient had ascending 
trend in PK weir in hydraulic load ratios<0.17 and 
reached its maximum amount, after which it started 

decreasing. In the trapezoidal plan-form weir, 
the flow coefficient was increasing in hydraulic load 
ratios <0.2, after which it followed a descending 
trend. 

The results obtained in this part are consistent 
with the findings of Crookston and Tullis, 
maintaining that in low discharge rates, discharge 
coefficient is larger than linear weir due to the small 
nappe interference, which gradually becomes more 
extreme with increasing discharge.  This leads to a 
discharge coefficient reduction to an amount similar 
to discharge coefficient in broad-crested weir 
(Crookston and Tullis, 2012c, 2012d).   

Comparison of the coefficient of discharge 
(Cd) in trapezoidal plan-form and PK weirs under 
the influence of different hydraulic conditions 

To study the flow coefficient in both PK and 
trapezoidal plan-form weirs, three prototypes of each 
weir type were first built with different heights and 
then compared in equal elevation ratios. It is worth 
mentioning that the cycle width (w), cycle number 
(N), and weir heights  in them were considered as 
15cm, 2, and 6-6-7.5cm (w/p=2, 2.5, and 3) 
respectively. Figure 10 shows the comparison of 
flow coefficient in the trapezoidal plan-form and PK 
weirs in different height conditions. 

According to Fig. 10, the flow coefficient is 
significantly greater in PK weir than the trapezoidal 
plan-form weir insofar as this difference is big in low 
hydraulic load. However, it gradually reduces with 
increasing hydraulic load and approaching the 
submerged discharge, which is a value where the 
water depth in weir downstream and weir head are 
equal. It should be said that in submerged discharges, 
and post-submerged discharges, both weirs function 
as a barrier to the flow; therefore, the flow 
coefficients would be equal in them. 

It is seen at w/p=3 (weir height of 5cm) that the 
maximum flow coefficient in PK weir is by 26% 
greater than the maximum flow coefficient in 
trapezoidal plan-form weir. This difference became 
smaller with increasing hydraulic load. In addition, 
the flow coefficients in both weirs became almost 
equal in submerged and post-submerged discharges. 

The same is true at w/p=2.5, in that the 
maximum flow coefficient in PK weir is by 26% 
greater than the maximum flow coefficient in 
trapezoidal plan-form weir. This difference became 
smaller with increasing hydraulic load ratio. In 
addition, the flow coefficients in both weirs became 
almost equal in submerged and post-submerged 
discharges. 

The same is true at w/p=2, in that the maximum 
flow coefficient in the PK weir was by 30% greater 
than the maximum flow coefficient in trapezoidal 
plan-form weir. This difference became smaller with 
increasing hydraulic load ratio. In addition, the flow 
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coefficients in both weirs became almost equal in 
submerged and post-submerged discharges. 

 
 
 

CONCLUSION 
 
Comparison of PK and trapezoidal plan-form 

weirs suggests that the flow coefficient is bigger in 
all pre-submerged discharge conditions in PK weir 
than trapezoidal plan-form weir in that the biggest 
difference was observed in w/p=2 (the greatest weir 
height), in which the flow coefficient was 30% 
bigger in PKW than trapezoidal plan-form weir. The 
difference in flow coefficient decreased in both 
weirs with increasing w/p ratio (weir height 
reduction). This increase was greater in lower 
hydraulic loads, but decreased with approaching 
submerged discharge value. In addition, the flow 
coefficients of both weirs became almost equal in 
submerged and post-submerged discharge values. 
This was because both weirs acted as a barrier 
against the flow. Moreover, a 50% increase in PKW 
height (from 5 to 7.5cm) increased flow coefficient 
by 26%. With respect to the trapezoidal plan-form 
weir, a 50% increase in weir height increased the 
flow coefficient by 24%. 
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ABSTRACT  
 
Cynodon dactylon and Hemarthria altissima 

are plants that grow in the water-level fluctuation 
zone (WLFZ) of the Three Gorges Reservoir 
(TGR). This study investigated the effects of 
different water levels and mixed-plant densities on 
the fluorescence characteristics of C. dactylon and 
H. altissima and explored the optimal mixed-plant 
mode in the WLFZ. We established four types of 
water treatments: a control group, a light 
flooding-light drought group, a light flooding 
group, and a flooded group. We also established 
four planting densities: 1 strain/pot, 2 strains/pot, 4 
strains/pot, and 12 strains/pot. The photosynthetic 
pigments and chlorophyll fluorescence 
characteristics of C. dactylon and H. altissima 
were measured, and the water levels and planting 
densities had different effects on the 
photosynthetic pigments of C. dactylon and H. 
altissima. The photosynthetic pigment content of C. 
dactylon was lowered, whereas that of H. altissima 
was maintained at a higher level. Both non-flooded 
C. dactylon and H. altissima plants maintained a 
stable photochemical reaction. Obvious differences 
in the photosynthetic reaction parameters were not 
observed among the different density treatments. 
Under the flooded treatment, the leaves of C. 
dactylon withered and fell and then experienced 
rapid re-growth after the removal of the stress, 
whereas the maximum photochemical efficiency 
and potential activity of photosystem II (PSII) of H. 
altissima were both inhibited. In the 
mixed-planting mode, H. altissima displayed a 
growth advantage over C. dactylon. During the 
vegetation recovery period, the mixed-planting 
density of C. dactylon and H. altissima should be 
adjusted according to the actual water conditions. 

 
 

KEYWORDS:  
Cynodon dactylon; Hemarthria altissima; flooding; 
planting density; fluorescence characteristics  

 

INTRODUCTION  
 
Artificial dams are constructed to develop and 

utilize river resources; however, these structures 
cause periodic fluctuations of reservoir water 
levels and form water-level fluctuation zones 
(WLFZs) characterized by repeated 

-drought-
has a negative effect on photosynthesis and related 
plant traits, especially for species that are not 
resistant to flooding [2]. Flooding results in 
reductions of photosynthetic pigment content [3], 
photosystem II (PSII) photochemical efficiency [3], 
Rubisco activity [4], electron transport rates [5] 
and photosynthetic product transport rates [6]. 
Therefore, the net photosynthetic rate decreases, 
which in turn influences the survival of plants and 
causes vegetation degradation and ecological 
function deterioration in WLFZs. The artificial 
construction of vegetation is an important measure 
for improving the ecological environment in 
WLFZs [7-11]. According to the hydrological 
regime of a WLFZ, artificial communities are 
constructed at different altitudes by selecting 
flood-resistant species to restore and improve the 
structure and function of the ecological system in 
the WLFZ. 

The Three Gorges project is the largest 
hydropower project in the world, and it exerts a 
negative impact on the environment as it improves 
power and navigation. According to its operation 
scheduling scheme, the reservoir water level of the 
Three Gorges Dam falls to 145 m from June to 
September and peaks at 175 m as impoundment 
begins in October, which generates approximately 
350 km2 of a seasonally submerged riparian zone 
with a maximum water level difference of 30 m 
[12]. Flooding is one of the greatest disturbances 
to vegetation in the Three Gorges Reservoir (TGR) 
area and represents an important influence on 
vegetation composition, species diversity and plant 
growth [13]. Perennial anti-seasonal flooding is 
detrimental to the original plant species in the 
WLFZ and even leads to the death of species with 
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a poor submergence tolerance, thereby posing a 
serious threat to the ecological welfare of the 
WLFZ and the reservoir area [7,14,15]. Cynodon 
dactylon and Hemarthria altissima are highly 
adaptable riparian plants that are widely distributed 
in the Yangtze River Basin. Thus, they are 
common herbaceous plants used in the 
construction of vegetation communities in the TGR 
WLFZ [11,16,17]. The stability of the plant 
community is closely related to the species 
composition and species interactions, and the 
interplay between specific species has been 
successfully promoted in ecological restoration 
practice [18,19]. Under the natural growth 
conditions of the WLFZ plant community, C. 
dactylon and H. altissima often grow together; thus, 
during vegetation restoration, a hybrid planting 
scheme should be considered. Studies have shown 
that planting density is an important factor in 
determining plant growth because changes in 
planting density can directly affect the light, 
nutrition, ventilation and microenvironment 
conditions; impact physiological and ecological 
characteristics; affect plant growth; and further 
influence capacity to manage 
environmental stress [20]. In addition, because the 
reservoir water level fluctuates periodically, plants 
in the WLFZ will encounter water stress in the 
form of waterlogging, flooding, drought, and 
flooding and drought alternation. Different water 
stress levels have different effects on the plant 
density [21,22]. 

Researchers have studied the growth and 
physiological and ecological characteristics of C. 
dactylon and H. altissima under water stress. 
Flooding causes a decline in plant coverage by C. 
dactylon, and increased flooding depths result in a 
more significant decrease in plant coverage. C. 
dactylon is suitable for growth at an altitude range 
of 175-150 m in the TGR WLFZ [23], maintains a 
100% survival rate after it is submerged to depth of 
25 m, and has a high capacity for growth 
restoration [24]. C. dactylon displays sensitivity 
and plasticity in response to water stress and 
planting density treatments, and it exhibits a 
positive response to water stress through biomass 
allocation, leaf and shoot reductions, and internode 
elongation. Under increasing stress conditions, a 
high-density planting can facilitate the growth of C. 
dactylon [25]. Although the water and planting 
density treatments appeared to exert a negative 
effect on C. dactylon growth, the performance of 
its 
remained rather stable [20]. Previous studies have 
shown that water and density treatments 
significantly influence the growth and 
morphological characteristics of H. altissima. 
Under flooding treatments, its root, stem, and 
leaves grow slowly to reduce energy consumption 
and achieve survival. In an environment 

characterized by wet and dry alternating conditions 
and soil water saturation, higher biomass can be 
achieved by stem elongation and an increase in 
leaf area [26]. Compared with the non-flooded 
group, the Fv/Fm and Fv/Fo ratios of H. altissima 
did not show significant difference after a 2-month 
period of flooding at 20 cm above ground, and its 
PSII was not obviously damaged [27]. However, 
the response of C. dactylon and H. altissima to 
water stress in a hybrid planting mode has not been 
examined. To further improve the bio-diversity and 
stability of the artificially recovered community of 
the TGR, it is important to optimal methods of 
combining the communities of C. dactylon and H. 
altissima under water-level fluctuations to 
determine their capacity for vegetation recovery in 
the WLFZ of the reservoir. 

Photosynthesis is an important metabolic 
process in plants that can be used as an indicator to 
assess plant growth and resistance [28]. 
Photosynthetic pigments are the material basis of 
plant photosynthesis, and the levels of these 
pigments are closely associated with the amount of 
photosynthesis in plants [29]. Chlorophyll 
fluorescence kinetic characteristics can directly 
reflect the photosynthetic characteristics of plants 
and may be used to sensitively and 
non-destructively analyze the potential 
mechanisms influenced by external factors [30,31]; 
thus, by measuring a plant's fluorescence 
characteristics during photosynthesis, the growth, 
disease, stress and other physiological conditions 
can be understood [32,33]. By simulating 4 water 
conditions in the TGR areas, we explored the 
photosynthetic fluorescence adaptation strategy in 
C. dactylon and H. altissima under different 
mixed-planting densities to provide a reference for 
the construction of vegetation restoration plant 
communities in the WLFZ. 

 
 

MATERIALS AND METHODS 
 
Experimental materials. This experiment 

utilized cutting seedlings of C. dactylon and H. 
altissima collected in the same year as the samples. 
The branches of C. dactylon and H. altissima were 
obtained in the Beibei 

; Fig 1) of the Jialing River, and they 
were cut into small segments of 7-10 cm and 15-18 
cm in length, respectively, for cultivation. The 
cutting seedlings of C. dactylon and H. altissima 
grew similarly well and were transplanted into pots 
according to the experimental design; the pots 
were 17 cm in height, the pot mouth was 22 in 
diameter, and the bottom was 15 cm in diameter. 
Each pot was filled with 2 kg of sundried purple 
soil with the impurities removed. All of the potted 
seedlings were placed under a canopy with a 
transparent roof and open sides in the Ecological  
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FIGURE 1 

Sampling sites for the C. dactylon and H. altissima seedlings used in the experiments. 

Experimental Garden of Southwest University 
(249 meters above the sea level) for cultivation 
under uniform conditions. Prior to treatment, only 
the main stems of each plant were reserved.  

Approval for this study was obtained from the 
Department of Technology and Environmental 
Protection of the Three Gorges Group, China. 

 
Experimental design. The experiment 

treatments began on May 15, 2012. The cutting 
seedlings of C. dactylon with an average length of 
32 cm and of H. altissima with an average length 
of 35 cm were divided into 4 groups at random. 
The water levels and planting densities were set as 
the independent variables in the experiment. There 
were 4 types of water treatments: (1) normal water 
supply (control (CK): the field moisture capacity 
was maintained at 70-80% and the soil moisture 
was measured using the ring sampling method 
[34]); (2) light flooding-light drought group (FD): 
10 d soil water saturation with waterlogging 5 cm 
above the soil and 10 d mild drought at a field 
moisture capacity of 50-55%; (3) light flooding 
group (LF): water logging 5 cm above the soil 
surface; and (4) flooded group (FL): tops of the 
plants submerged 5 cm beneath water. During the 
experiment, periodic inspections were performed 
every day. The weighing method was used to 
supplement any water loss to ensure that the water 
conditions were fixed. The mixed-planting density 
treatments were divided into four levels: (1) a 
control group with a density of 1 strain/pot (i.e., 
without the influence of other strains; the control 
group included the two species); (2) a low-density 
group with a density of 2 strains/pot (planting 
proportion of C. dactylon and H. altissima was 
1:1); (3) a medium-density group with a density of 
4 strains/pot; and (4) a high-density group with a 
density of 12 strains/pot. The four density groups  
were approximately equivalent to 29 strains/m2, 58 
strains/ m2, 116 strains/ m2, and 348 strains/m2 
(calculated according to a soil surface diameter of 
21 cm).  

This study adopted a completely randomized 
experimental design with 16 treatments in total. 
Each treatment was designated by the four water 
treatments plus a subscript number. For example, 
for the CK water treatments, the groups CK1, CK2, 
CK3, and CK4 were included, and 
represented 1 strain/pot, etc. Each treatment had 
four replicates. The experimental sampling and 
measurements concluded on August 4, 2012. The 
average value for all of the strains in each pot was 
used as the value for that pot.  

 
Measurement of photosynthetic pigments. 

Photosynthetic pigments were measured according 
to the extraction method [35]. Healthy and mature 
leaves were selected, and 0.1 g of fresh leaf was 
accurately weighed and cut into pieces. A 
Shimadzu UV-2550 spectrophotometer (Shimadzu, 
Suzhou, China) was used to measure the light 
absorption values of the chlorophyll a, 
chlorophyll b, and carotenoids (A663, A645 and 
A470, respectively). The measured contents were 
then calculated and converted into the unit fresh 
weight content. The total chlorophyll content was 
calculated as follows: total chlorophyll content = 
chlorophyll a content + chlorophyll b content.  

 
Measurement of chlorophyll fluorescence 

parameters. The 
chlorophyll  fluorescence parameters were 
measured using a PAM-2100 portable chlorophyll 
fluorometer (Walz Company, Effeltrich, Germany) 
according to the instructions. The 
samples were subjected to a 3 h dark adaptation 
period and then measured. First, a 600 Hz 
detection light (photon flux density (PFD) <0.1 

-2 -1) was switched on to measure the Fo, 
and a one-time saturated pulse light (PFD of 8000 

-2 -1 and frequency of 20 KHz for 0.8 s) 
was switched on to measure the Fm and Fv/Fm. 
After the pulse, the actinic light (PFD of 336 

-2 -1) was turned on. When the 
fluorescence was stable, the Fs was measured.
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TABLE 1 
Effects of the water treatments and plant densities on the photosynthetic pigment content of C. 

dactylon and H. altissima plants. 
Species Photosynthetic 

pigments 
Water treatment Plant density Interaction 

F P F P F P 
C. 

dactylon 
 

      

 Chls/mg·gFW-1 863.3 <0.001 607.5 <0.001 225.5 <0.001 
 Car/mg·gFW-1 928.3 <0.001 814.1 <0.001 273.1 <0.001 
 Chla/Chlb 53.2 <0.001 48.3 0.011 32.8 <0.001 
 Chls/Car 224.3 <0.001 86.0 <0.001 55.6 <0.001 

H. 
altissim

a 

       

 Chls/mg·gFW-1 64.6 <0.001 63.0 <0.001 44.4 <0.001 
 Car/mg·gFW-1 9.3 <0.001 33.5 <0.001 30.1 <0.001 
 Chla/Chlb 317.1 <0.001 7.4 <0.001 11.3 <0.001 

 Chls/Car 449.1 <0.001 23.5 <0.001 6.6 <0.001 

 
Then, the saturated light was turned on again to 
measure the Fm´. The actinic light was turned off 
for dark adaptation, and then the far-red light (PFD 
of approximately -2 -1 for 3 s) was turned 
on to measure the Fo´. The formulae for 
calculating the PSII maximal photochemical 
efficiency (Fv/Fm), PSII potential activity (Fv/Fo), 
actual photochemical quantum yield of PSII (Yield), 
electron transport efficiency (ETR), photochemical 
quenching coefficient qP, and non-photochemical 
quenching coefficient qN are as follows: 
 

 Fv/Fm = (Fm-Fo)/Fm; 
Fv/Fo = (Fm-Fo)/Fo; 
Yield = (Fm´-Fs)/Fm´; 
ETR = Yield×PDE×0.5×0.84; 
qP = (Fm´-Fs)/(Fm´-Fo´); 
qN = (Fm-Fm´)/Fm´.  
where Fo is the initial fluorescence, Fm is the 

maximal fluorescence, Fv is the maximal variable 
fluorescence under the dark adaptation state when 
all non-photochemical processes are at their 
minimum, Fm´ is the fluorescence yield when the 
reaction centers of PSII are in an off state under 
light adaptation and all non-photochemical 
processes are in their optimal state, Fs is the 
fluorescence yield in the stable state, and PFD is 
the photon flux density.  

 
Statistical analysis. In this experiment, the 

water levels and planting density were considered 
factors that influenced the measured indicators, 
and the two-factor variance analysis method (SPSS 
22.0) was adopted to reveal the influence of the 
water level and mixed-planting density on the 
photosynthetic pigments and chlorophyll 
fluorescence of C. dactylon and H. altissima. 
Duncan's method was used to test for significant 
differences between indicators in the plants grown 
under the different water treatments and planting 
density treatments (P<0.05).  

 
RESULTS 

 
Photosynthetic pigment contents. The water 

level, planting density and their interactions all 
significantly influenced the total chlorophyll, 
carotenoid, chlorophyll a/chlorophyll b and total 
chlorophyll/carotenoid (P<0.05) (Table 1) contents 
of C. dactylon. The leaves of C. dactylon in the FL 
treatment turned yellow and withered one week 
after flooding. Throughout the experiment, newly 
germinated leaves were not observed. At 3 to 5 d 
after the removal of the flooding stress, new leaves 
were observed to germinate from the flooded 
plants. Under the different water treatments, the 
planting density had different effects on the 
photosynthetic pigments of C. dactylon. For the LF 
group, increased planting density caused a gradual 
decrease in the photosynthetic pigment content. 
For the FD group, each density treatment 
significantly decreased the photosynthetic pigment 
content of C. dactylon compared with that of the 
CK. The photosynthetic pigment content of the 
FD12 group was higher than that of the FD2 and 
FD4 groups. At the same planting density, the water 
treatments significantly decreased the 
photosynthetic pigment content of C. dactylon 
compared with the CK (except for the FD12 group) 
(Fig 2). For each treatment group, the ratios of 
chlorophyll a to chlorophyll b and total chlorophyll 
to carotenoids were greater than 3:1 and essentially 
stable.  

The effects of the water levels, planting 
densities, and their interactions on the 
photosynthetic pigments of H. altissima were 
significant (P<0.05) (Table 1). For the CK group, 
the photosynthetic pigment content decreased with 
increases in planting density. Planting density had 
a negative effect on H. altissima, and for the other 
three water treatments (except for the LF4 and LF12 
group), the photosynthetic pigment contents of H. 
altissima were higher than that of the CK (Fig 3). 
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At the same planting density, the water treatments 
significantly influenced the ratio of chlorophyll a 
to chlorophyll b and of total chlorophyll to 
carotenoids (Fig 3), and these ratios under the FL 
treatment were significantly lower than those of 
the other water treatments. For all of the treatments, 
the ratios of chlorophyll a to chlorophyll b and of 
total chlorophyll to carotenoids were greater than 
3:1. 

Our results demonstrate that the 
photosynthetic pigment contents of C. dactylon 
and H. altissima were significantly influenced by 
the water levels, planting densities, and the 
interactions between these variables. However, the 
photosynthetic pigment response differed. Under 

the same conditions, the photosynthetic pigment of 
the mixed-planted C. dactylon was lower than that 
of the CK under the same water treatment, and in 
the FL treatment, the leaves of C. dactylon 
withered and fell, whereas H. altissima maintained 
a satisfactory state and its photosynthetic pigments 
increased (except for in the CK). However, an 
obvious difference was observed between the 
chlorophyll contents of the plants because under 
the same conditions, the photosynthetic pigment 
content of C. dactylon was far higher than that of 
H. altissima.  

 
 

 
FIGURE 2 

Effects of the water treatments and plant densities on the photosynthetic pigment content of 
Cynodon dactylon plants. The values in the figure are the average value ± standard error (n = 3). 

Different capital letters indicate a significant difference between the water treatments under the same 
density conditions (P<0.05), whereas different small letters indicate a significant difference between the 
density groups under the same water conditions (P<0.05). CK: control group; FD: light flooding-light 

drought group; LF: light flooding group; and FL: flooded group. 

 
FIGURE 3 

Effects of the water treatments and plant densities on the photosynthetic pigments of H. altissima 
plants. The values presented in the figure are the average value ± standard error (n = 3). Different 

capital letters indicate a significant difference between the water treatments under the same density 
conditions (P<0.05), whereas different small letters indicate a significant difference between density 

groups under the same water conditions (P<0.05). CK: control group; FD: light flooding-light drought 
group; LF: light flooding group; and FL: flooded group. 
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TABLE 2 
The effects of water treatments and plant density on Chlorophyll fluorescence in Cynodon dactylon 

and Hemarthria altissima plants. 
Species Chlorophyll 

fluorescence 
Water treatment Plant density Interaction 

F P F P F P 
C. dactylon        

 Fv / Fm 2.0 0.157 11.6 <0.001 1.3 0.312 
 Fv/Fo 1.8 0.191 10.4 <0.001 0.937 0.487 
 ETR 34.4 <0.001 12.7 <0.001 2.025 0.102 
 Yield 13.6 <0.001 2.7 0.066 2.3 0.059 
 qP 7.1 0.004 2.3 0.108 1.9 0.122 
 qN 3.8 0.038 4.5 0.013 2.7 0.040 

H. altissima        

 Fv / Fm 178.6 <0.001 1.7 0.180 1.7 0.139 
 Fv/Fo 278.3 <0.001 2.7 0.063 2.5 0.028 

 ETR 3.1 0.040 19.4 <0.001 6.2 <0.001 
 Yield 

qP 
31.1 
24.9 

<0.001 
<0.001 

9.8 
58.7 

<0.001 
<0.001 

5.7 
14.2 

<0.001 
<0.001 

 qN 9.6 <0.001 12.4 <0.001 17.5 <0.001 

 

 
FIGURE 4 

The effects of water treatments and plant density on Chlorophyll fluorescence in Cynodon dactylon 
plants. The values in the figure are the average ± standard error (n = 3). Different capital letters 

indicate a significant difference between water treatments under the same density condition (P<0.05), 
whereas different small letters indicate a significant difference between density groups under the same 

water condition ((P<0.05). CK: control group; FD: light flooding-light drought group; LF: light 
flooding group; FL: flooded group. 

 
Chlorophyll fluorescence characteristics. 

The water treatments significantly influenced the 
ETR, Yield, qP and qN, whereas density treatments 
significantly influenced Fv/Fm, Fv/Fo, ETR, and 
qN of C. dactylon (P<0.05). Their interaction had a 
significant influence over qN alone (P<0.05) 
(Table 2). For the non-flooded group, under the 
same planting density, there was no significant 
difference between Fv/Fm and Fv/Fo for each 

water treatment. At different planting densities, 
Fv/Fm and Fv/Fo of C. dactylon were all 
maintained a high level (Fig 4). The ETR of FD 
was significantly higher than that of CK and LF. 
Compared with CK, Yield, qP and ETR of C. 
dactylon at different planting densities were all 
maintained at the same level. Under the same 
conditions, qN of C. dactylon under different water 
treatments did not differ significantly. 
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FIGURE 5 

Effects of the water treatments and plant densities on the chlorophyll fluorescence of H. altissima 
plants. The values in the figure are the average ± standard error (n = 3). Different capital letters indicate 

a significant difference between the water treatments under the same density conditions (P<0.05), 
whereas different small letters indicate a significant difference between density groups under the same 

water conditions (P<0.05). CK: control group; FD: light flooding-light drought group; LF: light flooding 
group; and FL: flooded group. 

 
Water level and planting density and their 

interaction had different effects on the chlorophyll 
fluorescence of H. altissima (Table 2). Water 
treatments all had significant effects on the 
fluorescence characteristics of H. altissima 
(P<0.05). The density treatments significantly 
influenced the ETR, Yield, qP, and qN of H. 
altissima (P<0.05). The interactions between the 
parameters significantly influenced the Fv/Fo, ETR, 
Yield, qP, and qN of H. altissima (P<0.05). The 
Fv/Fm and Fv/Fo of H. altissima in the 
non-flooded groups were all maintained at a 
relatively high level (Fig 5). The Fv/Fm and Fv/Fo 
of the FL treatment were lower than those of the 
non-flooded treatments. Compared with the CK, 
the ETR and Yield of H. altissima at different 
planting densities were maintained at a relatively 
high level, and the water treatment had a 
facilitative role on the ETR and Yield of H. 
altissima plants in certain treatments (Fig 5). The 
Yield of the FL group was markedly higher than 
that of the other water treatment groups. Compared 
with C. dactylon, the qP and qN of H. altissima 
were more sensitive to the water and density 
treatments. Significant differences were observed 
in the qP and qN among the H. altissima 
treatments. Under the same treatment conditions, 
the qP and qN of H. altissima exhibited opposite 
trends. 

The photochemical reaction system of C. 
dactylon and H. altissima in the non-flooded 
groups did not sustain obvious damage, whereas a 
marked negative effect was observed in the 
flooding treatment. Compared with the obvious 
differences exhibited by their photosynthetic 
pigments, the Fv/Fm and Fv/Fo parameters were 
generally equivalent and decreased within the 
normal scope. The water treatments played a 
facilitative role for C. dactylon and H. altissima 
plants in certain treatments. Compared with the 
CK group under the same water treatment regimen, 
the Yield, ETR, qP and qN of C. dactylon were 
relatively stable under increasing planting densities, 
whereas those of H. altissima exhibited a higher 
sensitivity. 

 
 

DISCUSSION 
 

-drought-
environment in the TGR WLFZ leads to a severe 
degeneration of vegetation. The key to vegetation 
recovery is to increase the vegetation biodiversity 
and community stability. The interactions between 
different plants within the community, which vary 
according to the external environment, can directly 
influence the growth characteristics, 
morphological characteristics, development and 
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life history of individual plants, and as a result, 
these interactions can influence the distribution of 
plants, co-occurrence and diversity of species, as 
well as the structure and function of the ecological 
system [36-38]. Whether the mixed community 
consisting of C. dactylon and H. altissima will 
remain stable is dependent on interactions between 
the plants. In this experiment, the photosynthetic 
pigments and chlorophyll fluorescence of C. 
dactylon and H. altissima exhibited different 
response characteristics under different water 
stresses and planting densities. 

Photosynthetic pigments trap light energy 
during photosynthesis, and the pigment content of 
a plant can directly affect its ability to trap light 
energy and subsequently affect the accumulation of 
photosynthetic products and growth of the plant 
[39]. Photosynthetic pigments can be directly 
involved in light absorption, transfer, distribution 
and transformation. The photosynthetic pigment 
content of a plant can reflect its photosynthetic 
capacity, growth, development, physiological 
metabolism, and nutrient levels; therefore, this 
parameter can be used as an indicator of 
environmental physiology [40]. When plants grow 
under stress, their physiological processes are 
disrupted, which results in negative effects, such as 
damage to the membrane structure, reduced 
synthesis of proteins, and an accumulation of 
harmful metabolites, and all of these effects 
influence the plant's photosynthetic pigment 
content and further alter the photosynthetic 
performance [41]. Thus, the photosynthetic 
pigment content of plants can be used to determine 
their growth status.  

Because of structural and physiological 
differences, plants present different response 
strategies to stress. In this experiment, different 
mixed-planting densities resulted in different 
responses in the photosynthetic pigments of C. 
dactylon and H. altissima. With an increase in 
planting density, the photosynthetic pigment 
content of C. dactylon significantly decreased 
compared with that of the CK under the same 
water treatment, which might be have been related 
to C. dactylon's ability to respond to competition 
for nutrition and light between plants. Increases in 
planting density caused a gradual reduction in the 
photosynthetic pigment content compared with that 
of the H. altissima CK group. However, with an 
increase in water stress, the density treatment had a 
facilitative role with regards to the photosynthetic 
pigment content of H. altissima. The 
photosynthetic pigment content of most of 
mixed-planted H. altissima plants was higher than 
that of the CK under the same water treatment, 
indicating that the presence of certain neighbors 
can improve the microenvironment between plants 
and help plants to adapt to stressful environments 
[42,43]. The water treatments led to the decline in 

the photosynthetic pigment content of C. dactylon, 
and the leaves of C. dactylon in the FL group 
turned yellow and fell one week after the 
experiment because of the damage sustained by the 

 leaf membrane caused by flooding and 
electrolyte leakage, which led to further withering 
and leaf fall [44,45]. Research has shown that a 
reduction in biomass is an adaptive strategy 
employed by plants under flooding conditions [46], 
and the C. dactylon leaf fall in the FL group might 
be a coping strategy in response to an extreme 
adverse environment. In addition, under water 
logging conditions, anaerobic respiration is the 
main respiration form available to the roots. 
However, the insufficient nutrition supply 
accessible to the roots under these conditions 
decreases the ability of the plant to effectively 
absorb mineral elements, thereby inhibiting 
photosynthetic pigment synthesis [47]. In this 
experiment, the C. dactylon in FL were able to 
germinate new leaves 3 to 5 days after the removal 
of water stress; thus, these plants exhibited an 
excellent ability to recover growth, which is 
consistent with the results of Zeng et al. [20]. 
Compared with C. dactylon, certain water 
treatments improved the photosynthetic pigment 
content of H. altissima, which increased under the 
FD treatment compared with that of the CK. 
Obvious leaf withering and fall did not occur for H. 
altissima in the FL group. Research has shown that 
wet-dry alternations play a certain role in the 
promotion of photosynthetic pigment synthesis in 
plants [48], which is favorable for the maintenance 
of photosynthetic capacity and the anti-stress 
functions of plants. 

The main function of chlorophyll a is the 
conversion of gathered light energy into chemical 
energy for photosynthetic reactions, whereas that 
of chlorophyll b is the collection of light energy 
[49]. The ratio of chlorophyll a to chlorophyll b in 
the normal leaf is 3:1, and changes in the 
chlorophyll a/chlorophyll b ratio in the leaf may 
reflect the intensity of leaf photosynthetic activity. 
In this experiment, with the exception of C. 
dactylon plants in the FL group, the ratio of 
chlorophyll a to chlorophyll b was consistently 
greater than 3:1. This ratio can reflect the degree of 
thylakoid stacking in the chloroplast, and a higher 
ratio indicates a higher degree of stacking in the 
thylakoid and a complete photosynthetic system 
for photosynthesis [50]. Mixed planting did not 
have an obvious effect on the photosynthetic 
system. A decline in the chlorophyll a/b ratio can 
improve the trapping efficiency of blue-violet light 
in the blade and enhance the leaf  
low light [49]. Under flooding conditions, the 
chlorophyll a/b ratio of H. altissima decreased 
significantly, which may represent an adaptation to 
the dim underwater environment. In this 
experiment, the total chlorophyll/carotenoid 
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contents of C. dactylon and H. altissima in the 
mixed-planting group were greater than 3:1, which 
was higher than that in the CK group and ensured a 
sufficient amount of reaction center pigments [51]. 
Overall, the photosynthetic pigment content of C. 
dactylon and H. altissima was affected to a certain 
degree. However, the proportion was maintained at 
a normal level, thereby ensuring photosynthesis 
and C. dactylon and H. altissima survival in an 
adverse environment. 

Chlorophyll fluorescence technology is 
considered a rapid and non-destructive method of 
assessing a plant's photosynthetic function [52], 
and chlorophyll fluorescence signals emitted by 
plants are rich in information regarding 
photosynthesis and closely associated with the 
plant's nutrition and stress levels [53]. The 
chlorophyll fluorescence parameter Fv/Fm reflects 
the intrinsic light energy conversion efficiency of 
the PSII center and represents the ability of PSII to 
utilize light energy [48]. Under normal conditions, 
the Fv/Fm value generally falls between 0.75 and 
0.85, and decreases markedly when damaged or in 
an adverse environment, and a smaller decline in 
its magnitude indicates lower photoinhibition [54]. 
The Fv/Fo value reflects the potential activity of 
PSII. When pressure from the external 
environment increases, this parameter always 
decreases [55]. In this experiment, both the Fv/Fm 
and Fv/Fo values were maintained at a relatively 
high level. Significant differences did not occur 
between the CK and the mixed-planting group, 
which indicated that the intrinsic light energy 
conversion efficiency of the PSII reaction centers 
was stable. Li et al. [27] submerged H. altissima 
20 cm aboveground for 2 months and found that its 
Fv/Fm and Fv/Fo values were not significantly 
different from the control group, which is 
consistent with the results of our experiment. 
Previous research has shown that H. altissima 
adopts a for managing extreme 
environmental stress in which its growth nearly 
stops [56]. The Fv/Fm and Fv/Fo values of H. 
altissima in the FL group significantly decreased, 
demonstrating this The ETR value 
indicates the electron transport rate of PSII and can 
represent photosynthetic capacity. The 
Yield value refers to the actual photochemical 
quantum yield of PSII and can act as an indicator 
of ETR. In a stressful environment, a 
higher Yield value is indicative of a lower 
influence of stress [52, 57]. In this experiment, the 
ETR and Yield values of C. dactylon (except FL) 
and H. altissima were maintained at a relatively 
high level, indicating that the water and 
mixed-planting density did not result in obvious 
damage to their photosynthetic systems.  

The photochemical quenching coefficient qP 
reflects the light energy share that the antenna 
pigment of PSII absorbs and uses for 

photochemical electron transport as well as the 
openness of the PSII reaction centers. A greater qP 
value indicates higher electron transport activity. 
The non-photochemical quenching value qN 
reflects the light energy that is absorbed by the 
antenna pigment of PSII and dissipated as heat and 
cannot be used for photosynthetic electron 
transport. Heat dissipation can be used to evaluate 

excess activation 
energy [33, 52]. The results of this experiment 
show that the qP and qN values of C. dactylon did 
not change significantly, which indicates that the 
electron transport of PSII was not impeded and the 
light energy used for other forms of dissipation did 
not change significantly. However, the qP value of 
H. altissima changed significantly, and the 
fluctuations between treatments were substantial. It 
is worth noting that the qN of H. altissima could 
promote changes within the plant that led to the 
dissipation of surplus energy in a timely manner.  

The different water levels and mixed-planting 
densities influenced the photosynthetic pigment 
content and chlorophyll fluorescence 
characteristics of C. dactylon and H. altissima. 
Under the water stress conditions, the 
photosynthetic pigment content of C. dactylon was 
inhibited, and its leaves fell under the FL treatment. 
Mixed planting had a negative effect on the 
photosynthetic pigment content of C. dactylon. 
Notably, under the same water conditions, the 
mixed-planting densities had different effects on 
the photosynthetic pigments. Under the same 
treatment conditions, H. altissima maintained a 
higher level of photosynthetic pigment content. 
Certain water treatments facilitated the synthesis of 
photosynthetic pigments by H. altissima. 
Compared with the CK group under the same 
water treatment, the mixed-planting groups 
promoted an increased synthesis of photosynthetic 
pigments in H. altissima. In terms of the 
chlorophyll fluorescence characteristics, the 
photochemical reaction systems of C. dactylon and 
H. altissima in the non-flooded groups did not 
sustain apparent damage and maintained a stable 
photochemical reaction. Significant differences 
were not observed in the photosynthetic reaction 
parameters among the different density treatments, 
whereas an obvious inhibition of these parameters 
was observed in the flooding treatments. However, 
we did not examine the fluorescence 
characteristics during the late recovery stage, and 
the photosynthetic pigment and fluorescence 
characteristics of these two plants over time during 
growth recovery should be investigated. In 
addition, differences were observed between the 
experimental treatment and natural growth that 
might cause the results to deviate to a certain 
extent; thus, an in situ experimental study should 
be conducted.  

Based on the results of this experiment, H. 



© by PSP  Volume 25  No. 12/2016, pages 5599-5610    Fresenius Environmental Bulletin  

5608 
 

 

altissima in a mixed-planting environment has an 
obvious competitive advantage. Planting density is 
not a limiting factor for the growth of H. altissima; 
however, increased density exerts a negative effect 
on C. dactylon. Under different water conditions, 
the planting mode should be selected according to 
the characteristics of C. dactylon. A low planting 
density and high planting density are 
recommended for the waterlogging zone and the 
wet-dry alternating zone, respectively. However, 
based on actual field observations of the WLFZ of 
the TGR, C. dactylon enjoys a competitive 
advantage over H. altissima, which might be 
related to the high photosynthetic pigment content 
of C. dactylon and the more vigorous re-growth 
ability after the withdrawal of water stress in C. 
dactylon compared with H. altissima. Thus, during 
vegetation recovery, the mixed-planting density of 
C. dactylon and H. altissima should be adjusted 
according to the actual water conditions.  
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ABSTRACT 
 

The Fusarium species that is the cause of the 
disease that we used in our study takes an important 
place among microfungi that cause disease in 
agricultural plant species and economic loss. The 
subgroups and races of this species especially cause 
diseases with various symptoms on cereals such as 
wheat, barley, corn and clover, on fruit trees, and 
garden and ornamental plants. The definition of 
these microfungi that are pathogens at the genetic 
material level is important in terms of determining 
the disease they cause. The aim of the present study 
was to determine the genetic relationship among 
twenty isolates of Fusarium spp. (18 Fusarium 
species) isolated from wheat, maize and clover in 
Turkey using RAPD technique. In the present study, 
Random Amplified Polymorphic DNA (RAPD) 
markers were used to assess the genetic diversity 
within 20 isolates of Fusarium. RAPD analysis was 
performed with 16 decamer primers selected from a 
total of 30 primers. A total of 408 reproducible 
fragments were amplified by 16 RAPD primers. All 
the fragments were polymorphic (100%). The size of 
these fragments ranged from 100 to 3000 bp. The 
number of bands per primer varied between 14 and 
39. Similaritiy indexes were calculated to determine 
the genetic relationships among these populations 
and subsequently dendograms based on Unweighted 
Pair-Group Method using Arithmetic Averages 
(UPGMA) was derived. Based on DNA finger 
prints, all isolates of Fusarium were categorized into 
three major clusters. The results demonstrated that 
RAPD analysis can be used for assessing the genetic 
diversity and the relationships among the Fusarium 
species.  
 
 
KEYWORDS 
DNA finger prints; Fusarium; Genetic identification; 
RAPD-PCR 
 
 

INTRODUCTION 
 

The genus Fusarium is one of the most 
economically important genera. It contains many 
pathogenic species that infect in plants, animals and 
humans and produce secondary metabolites named 
mycotoxines. The consumption of mycotoxin-
contaminated food and feed products pose an acute 
risk to human and animal health [1, 2]. Therefore the 
accurate classification of the Fusarium genus is very 
important. The differentiation of Fusarium spp. is 
based on physiological and morphological 
characteristics such as the shape and size of 
macroconidia, the precence or absences of 
microconidia and chlamydospores and colony 
morphology [3]. These observations need some 
practice and are diffucult for a non-specialist [4, 5]. 
Therefore a rapid and reliable assay is needed for the 
routine identification of pathogenic Fusarium spp. 
the agricultural industry, and the control measure of 
diseases caused by these fungi. 

In recent year,  molecular approaches for 
genetic analysis have led to a great increase in our 
knowledge of fungal systematic studies [6]. Random 
amplified polymorphic DNA (RAPD) is one of the 
PCR-based techniques that is rapid, inexpensive, and 
conservative in use of genomic DNA [7]). RAPD has 
provided information on genetic variability among 
strains [8-10]. Therefore RAPD technique has been 
used since a long time for fungal and Fusarium 
populations [11-13] at species, intraspecific, race 
and strain levels [14, 15].  There are many reports on 
differention of Fusarium species using RAPD 
markers. Bonde et al [15] studied genetic diversity 
among fourteen different Fusarium species by using 
RAPD markers. They obtained 180 polymorphic 
bands from four RAPD markers and reported 
UPGMA analysis of the RAPD data separated the 
Fusarium species in two clusters. Similarly, a 
genetic diversity of Fusarium spp. associated with 
sugarcane wilt were characterized using seven 
RAPD markers by Poonkothai [16].  
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The aim of the present study was to determine 
the genetic relationship among twenty isolates of 
Fusarium spp. isolated from wheat, maize and clover 
in Turkey using RAPD technique. 
 
 
MATERIALS AND METHODS 

 
Fungal Species. Twenty Fusarium isolates 

used in this study were procured from Department of 
Cereal Disease of Plant Protection Central Research 
Institute. These isolates were previously isolated 
from wheat, maize and clover in different geographic 
regions of Turkey (Table 1). 

 
DNA extraction. The Fusarium isolates were 

grown on Potato Dextrose Agar (PDA) at 28°C for 6 
days and mycelia were transferred to flask of potato-
dextrose broth (PDB) an incubated on a rotary shaker 
at 150 rpm for 5 days at 28°C. For DNA extraction 
of fungal cultures, the mycelium were harvested and 
ground to fine powder in liquid nitrogen. Total 
genomic DNA was extracted using the CTAB 
method [9]. 

 
Primers and RAPD analysis. PCR reactions 

were conducted according to Williams et al [17] 
using 10-mer random primers (Operon 
Technologies, Alameda, CA, USA) (Table 2). The 
reaction mixture contained: 50 mM KCl; 25 Mm 
MgCl2; 50 mM Tris HCl (pH 9.0); 1 U of Taq DNA 
polymerase (Promega, GoTaq Flexi DNA 
Polymerase); 10 mM of each dNTP; 0.2 mM of 
primer, and about 20 ng of DNA. Amplification of 
genomic DNA was made on a Biometra 

thermocycler, using the arbitrary decamers. 
The 30 primers were tested from Operon 
Technologies (Alameda CA, USA). Sixteen primers 
were selected from the initial screening, because 
they produced consistent polymorphisms. The PCR 
program consisted of the following steps: first cycle 
at 94ºC for 4 min, followed by 45 cycles at 94°C for 
40 sec./ 30°C for 40 sec. /72°C for 40 sec. and a final 
extension step at 72°C for 7 min. All applications 
were done in duplicate and on different days. PCR 
products generated by amplification were separated 
on %2 (w/v) agarose gel in TAE buffer at 90 V. A 
100 bp Plus DNA ladder was used as molecular 
weight markers (Thermo Scientific GeneRuler 100 
bp, SM0321). The gels were stained with ethidium 
bromide. The DNA fragments were visualized under 
UV light, and photographed using a BioDocAnalyze 
UV Transilluminator (Biometra). 

 
Data analysis. Photographs from ethidium 

bromide stained agarose gels were used to score the 
RAPD data for analysis. The presence of the product 
was scored as 1 and the absence as 0. Bands with the 
same mobility were treated as identical fragments. 
The positions of the PCR bands obtained were 
compared with the molecular weight standards 
(Thermo Scientific GeneRuler 100 bp, SM0321). To 
determine the genetic variability, the data of the 
primers was used to construct a matrix, which was 
analyzed through Vilber Lourmat Bio1D++ Soft 
ware computer program. Genetic similarities were 

dendrograms were built by the Unweighted Pair 
Group Method using the Arithmetic Average 
(UPGMA) [18]. 

 
 

TABLE 1 
Geographical origin and sources of isolation of Fusarium species used in this study 

 
Species Sources of isolation Origin 

F.avenaceum wheat Konya 
F.acuminatum wheat Sakarya 
F.equisetii wheat Sakarya 
F. semitectum wheat  
F.culmorum wheat Sakarya 
F.crookwellense wheat Sakarya 
F. solani wheat Ankara 
F. solani clover Ankara 
F. oxysporum wheat Sakarya 
F. oxysporum maize Ankara 
F.subglutinans wheat Sakarya 
F. maniliforme wheat Sakarya 
F. maniliforme maize Ankara 
F. verticillioides wheat  
F. proliferatum wheat Sakarya 
F. graminearum wheat Sakarya 
F.heterosporium wheat Konya 
F.inflexum wheat Konya 
F.poae wheat Ankara 
F.dimerum wheat Sakarya 
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TABLE 2 
Primers used for RAPD-PCR amplification 

 
Primer  Primer  
A1 CAGGCCCTTC OPB05 TGCGCCCTTC 
A2 TGCCGAGCTG OPB08 GTCCACACGG 
A7 GAAACGGGTG OPC02 GGTCTACACC 
B18 CCACAGCAGT OPI18 TGCCCAGCCT 
OPA04 AATCGGGCTG OPO04 AAGTCCGCTC 
OPA11 CAATCGCCGT OPU16 CTGCGCTGGA 
OPA14 TCTGTGCTGG OPW06 AGGCCCGATG 
OPA17 GACCGCTTGT M13 GAGGGTGGCGGTTCT 

 

 
FIGURE 1 

RAPD profiles generated with the primer M13 
M: Marker (Thermo Scientific SM0321), 1- F.avenaceum (wheat), 2- F.acuminatum (wheat), 3- F.equisetii 
(wheat), 4- F. semitectum (wheat), 5- F.culmorum (wheat), 6- F.crookwellense (wheat), 7- F. solani (wheat), 8- F. 
solani (clover), 9- F. oxysporum (wheat), 10- F. oxysporum (maize), 11- F.subglutinans (wheat), 12- F. 
maniliforme (wheat), 13- F. maniliforme (maize), 14- F. verticillioides (wheat), 15- F. proliferatum (wheat), 16- 
F. graminearum (wheat), 17-F.heterosporium (wheat), 18- F.inflexum (wheat), 19- F.poae (wheat), 20- F.dimerum 
(wheat),  M: Marker (Thermo Scientific SM0321) 
 

TABLE 3  
Genetic similarity matrix of Fusarium species based on RAPD profiles 
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RESULTS AND DISCUSSION 
 
In this study, a total of 20 Fusarium isolates (18 

Fusarium species) isolated from wheat (17 isolates), 
corn (two isolates) and clover (one isolate) were 
used. The genomic DNA obtained from 20 Fusarium 
isolates was examined for RAPD-PCR analysis. Of 
the 30 RAPD primers used, only 16 RAPD primers 
resulted in reproducible banding pattern. A total of 
408 reproducible fragments were amplified by 16 
RAPD primers. It was observed that they were all of 
polymorphic (100%) with an average of 25.50 bands 
per primer. The size of fragments ranged from 100 
to 3000 bp. When evaluation was made from the 
primers point of view, the highest number of bands 
was provided by OPB08 primary (39 bands) while 
the lowest number of bands was provided by OPA14 
and OPC02 primaries (14 bands). Sample gel images 
of the amplified products obtained using the M13 
primer are shown in Fig. 1. 

The pair-wise distances were computed from 
the RAPD band data. These values are given in Table 

3. The remaining values, displaying different 
intermediate levels of similarity, are grouped with 
the others. It is graphically represented as a 
dendrogram using the UPGMA method, as shown in 
Fig. 2. Twenty isolations of Fusarium were clustered 
into three main groups (Cluster I, II and III). Cluster 
I was further divided into three subgroups. The first 
subgroup included F. avenaceum, F. graminearum,               
F. inflexum,  F. heterosporium. The second subgroup 
included F. equisetii and F. solani (wheat).  The third 
subgroup included F. semitectum, F. solani (clover), 
F. oxysporum (wheat), F. maniliforme (maize), F. 
verticillioides, F. proliferatum. Cluster II included 
F.crookwellense, F.poae, F.dimerum and cluster III 
included F.acuminatum, F.culmorum, 
F.subglutinans, F. maniliforme (wheat), F. 
oxysporum (maize). The minimum similarity value 
of 0.03 was observed between F. solani (wheat)  and 
F. dimerium and the maximum similarity value of 
0.75 was observed between F. solani (clover) and F. 
oxysprum (wheat). Accordingly it was observed that 
there is a high genetic difference between Fusarium 
species.  

 
 

 
FIGURE 2 

Dendrogram displaying the genetic distances among Fusarium species obtained from cluster analysis of 
RAPD data 
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In studies with similar results to our study, 
Abd-Elsalam et al [19] determined by using 20 
random RAPD primaries on 12 Fusarium species 
that genetic differences between species vary 
between 28-62%, while Maina et al [20] determined 
by using six random RAPD primaries on 26 
Fusarium isolates that genetic differences between 
species vary between 25-58% and Arif et al [21] 
determined by using 18 random RAPD primaries on 
25 Fusarium isolates that genetic differences 
between species vary between 17.4-94.5%. In a 
classification made by Nirenberg and Mitteillungen 
[22] it was stated that F. proliferatum and F. 
verticilloides are synonyms of F. moniliforme. 
However, the differentiation of F. proliferatum from 
F. moniliforme is made according to morphology of 
their spore structures. In some Australian isolates it 
was stated that the microconidia chains of F. 
proliferatum composed of polyphialides are 
generally shorter compared to chains formed by F. 
moniliforme [23]. According to the dendrogram we 
obtained in our study, although these three species 
are lined on top of one another in the same group, 
there are significant genetic differences between 
them. The genetic difference between F. 
proliferatum and F. maniliforme is 0.36 while the 
genetic difference between F. verticilloides and F. 
maniliforme is found to be 0.29. In addition, in a 
study performed by Zakaria et al [24] they 
characterized F. oxysporum, F. solani and F. 
proliferatum species which they isolated from 
Dendrobium in Malaysia by the RAPD-PCR method 
and also determined that they are consistent with 
morphological characters and that these species are 
in different groups as a result of cluster analysis and 
are significantly different from each other. In our 
study, although these three species are in the same 
group similar to this study, significant genetic 
differences were determined between them. The 
genetic difference between F. solani and F. 
oxysporum was determined to be 25%, between F. 
solani and F. proliferatum 50% and between F. 
oxysporum and F. proliferatum 42%. Also, F. 
oxysporum and F. solani are species that are 
Fusarium species that are mostly mistaken for each 
other. From the long monophialids of F. solani, 
microconidia are formed. On the other hand in F. 
oxysporum, microconidia are formed from relatively 
shorter monophialids [23]. In another study, 
Khokhar et al. [25] studied the molecular 
characterization of 10 Fusarium isolates they 
obtained from maize samples in various regions of 
India [F. proliferatum (four isolates), F. 
verticilloides (five isolates) and F. pallidoroseum 
(one isolate)] by the RAPD-PCR technique and 
according to cultural and morphological characters 
they stated that these 10 isolates demonstrate 
differences and that these isolates are divided into 
two main clusters according to RAPD analysis and 
that this technique revealed the differences between 

Fusarium species obtained from maize. 
According to the obtained results they stressed that 
the RAPD-PCR technique completed the 
morphological characters in determination of genetic 
relations between different Fusarium species. They 
stated that the RAPD technique is cheap, quick, 
reliable and useful in the determination of genetic 
variations both within Fusarium species and 
between different Fusarium species in different 
studies.  [15, 26, 27]. 

 
 

CONCLUSION 
 
According to the results of this study RAPD-

PCR was a cheap, quick, reliable and useful method 
in determination of the genetic variations between 18 
Fusarium species that we used in our study after 
isolating from wheat, maize and clover in various 
regions of Turkey. However, it should be 
emphasized that epidemiology and taxonomic 
relations within the species and between the species 
of Fusarium that cause disease in cereal products 
should be better understood. In addition, quick and 
accurate diagnosis is important especially in the 
diagnosis of pathogen species, in case of infections, 
for selecting effective treatment, in case of 
epidemics, in cases when new species appear and in 
determination of incidence rates. For this reason in 
order to obtain preeminently reliable and accurate 
results it is suggested that the number of isolates 
representing the species should be increased and that 
different molecular markers such as ITS, IGS, ISSR 
and DNA sequence analysis be used. 
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ABSTRACT 
 

The aim of this work is to assess the quality of 
the marine environment in the Greek National 
Marine Park of Alonissos which has been 
established more than 30 years ago. The Marine 

Mediterranean monk seal Monachus monachus.  
Sampling cruises were carried out in the area 

during the summer of 2011; sediment and seawater 
samples were collected and in situ measurements 
were performed.  

Low values were determined for the 
phosphates, silicates and nitrites while quite elevated 
values were determined for the nitrates. Concerning 
the dissolved and particulate forms of the metals, 
low values were determined for the majority of them. 
The studied sediments were not rich in metals as 
almost none exceeded the respective Probable Effect 
Level (PEL), above which adverse effects on benthic 
biota are frequently observed. In conclusion, the 
under study marine park is from the chemical point 
of view in a fair environmental condition.  

 
 

KEYWORDS : 
Alonnissos, Metals, Nutrients, Sediment, Marine Park 

 
 

INTRODUCTION 
 

The National Marine Park of Alonissos in the 
archipelagos of North Sporades (Figure 1) was 
established in 1983 as a contribution to the 
protection of the threatened by extinction 
Mediterranean monk seal Monachus monachus. 
Alonnissos is the largest and the only inhabited 

six smaller islands and a number of islets. 
The Marine Park consists of two zones: Zone 

A, (1,587 km2) is the zone of strict protection while 
Zone B (678 Km2) includes the inhabited island 
Alonissos and is open to visitors. 

Although the success of the marine park is 
depended on the good environmental status in the 
area, there are not any official procedures for the 

monitoring of the marine environment. The aim of 
this study is to assess the quality of the marine 
environment in the Marine Park of Alonissos. For 
this purpose, we attempted: 

a) To assess the pollution level of seawater by 
determining the concentration of some main 
chemical parameters such as the micronutrients and 
the heavy metals.  

b) To assess the pollution of the marine 
sediments by determining their content in heavy 
metals.  
 
 
MATERIALS AND METHODS 

 
A sampling cruise was carried out during the 

summer of 2011. 
Surface seawater and sediment samples were 

collected from 17 sampling stations in the area of the 
marine park (Figure 1). This sampling network is as 
representative as possible of this extended marine 
area.  8 sampling points are located along the 
coastline of the Alonissos island, 3 in the marine area 
between Alonissos and Peristera, 4 close to the 
coastline of uninhabited islets, one near Piperi 
island, which is the most significant island for the 
seals while the last one (SA16) lies the middle of the 
marine protected area.  

Seawater samples were collected at a depth of 
1 meter by Hydro-Bios polypropylene bottles and 
were filtered through pre-
Millipore membrane filters. The dissolved trace 
metals were pre-concentrated on Chelex-100 resin in 
NH4

+ form [1] and then eluted with a mixture of 
2N:1N HNO3:HCl after the removal of Ca and Mg 
with ammonium acetate solution [2].  

Sediments were collected with the use of a grab 
sampler and were treated with a mixture of strong 
acids [3] in PTFE bakers at a temperature of 200 oC 
to complete dissolution.  

The trace metals were determined by the use of 
flame or furnace atomic absorption spectroscopy 
using a VARIAN SpectrAA 200 instrument (Flame 
AAS) and a VARIAN SpectrAA 640Z instrument 
(Graphite Furnace AAS) with Zeeman background 
correction.    
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FIGURE 1 
The map of the area of the Marine Park of Alonissos 

 
TABLE 1 

Range and mean values of nutrients in the water 
column of the Marine Park (All values in , 
SiO-4

4 in g/l, BDL = Below Detection Limit). 
 

Parameter Min  Max Mean 
-
3 BDL-4.35 0.87 

-
2 0.01-0.09 0.03 

NH+
4 BDL-3.00 0.80 

totN 5.60-11.5 7.84 

DON 2.25-10.2 6.14 

PO-3
4 BDL-0.08 0.04 

totP BDL -0.20 0.05 

DOP BDL-0.17 0.02 

SiO-4
4 0.83-11.30 2.54 

 
Spectrophotometric methods were used for the 

determination of inorganic nutrients (NO2
-, NO3

-, 
NH4

+, PO4
3-, SiO4

4-) [4]. A UV-Vis 
spectrophotometer VARIAN Cary 1E was used for 
this purpose. The organic N and P were determined 
by the Valderama method [5]. In situ measurements 

of some main physicochemical parameters were 
carried out by portable equipments. 

All methods have been tested in the laboratory 
for their accuracy and reproducibility, using 
reference materials and replicate samples. All 
determinations were repeated three times and the 
average value was calculated. 

 
 

RESULTS AND DISCUSSION 

 
The under study marine area was saturated in 

dissolved oxygen, the temperature was 
approximately 25 oC and the salinity was about 
38  

 
Nutrients.The range and mean concentrations 

of the nitrogen and phosphorus compounds, as well 
as the silicates, are presented in Table 1. 

3
-

2
- and SiO4

-4 
were determined in the enclosed bay of Gerakas 
(sampling station 8), a small port for fishing boats. 
On the other hand, the highest values for NH4

+, DON 
and totN were determined in the marine area 
between Alonissos and Peristera islands (Sampling 



© by PSP  Volume 25  No.12/2016, pages 5618-5624  Fresenius Environmental Bulletin 

 

 

5620

Stations 6, 7, 9, 10 and 11). Considerable values 
were also recorded in the sampling stations 2, 3 and 
4), all of them lying around the harbour of the island. 
Remarkably low values for PO4

-3 and NO2
- were as 

well recorded in the marine area; the percentage of 
the dissolved organic nitrogen (DON) as a rate of the 
total nitrogen was rather high (30-99%) [6], whereas 
the dissolved organic phosphorus (DOP) was very 
low, with the exception of the coastal station of 
Gerakas (SA08), where the determined value was 
0.17 M/l. 

The concentration of silicates was also low; it 

of Gerakas (SA08) and Gialia (SA01), where the 

According to Table 2, the concentrations of NO2
-, 

NO3
- and PO4

3- in the Marine Park do not differ 
significantly from the prevailing values in the North 
Aegean Sea. On the other hand, there was a relative 
increase in NH4

+. The values for the 2011 period 
were lower than the corresponding values for 1998 
[7]. In any case, the concentrations of nutrients do 
not exceed the limits for Good Environmental Status 

(GES) recommended by the EU Marine Strategy 
Framework Directive 2008/56/EC. 

As extracted from Figure 2 the marine area 
around the harbour, as well as between Alonissos 
and Peristera islands are rich in nitrogen compounds. 

 
Metals in the water-column. The range and 

mean values of some heavy metals in the water 
column are presented in Table 3 while the surface 
distribution of the dissolved Pb, Cd and Zn are 
presented in Figure 3. 
The highest values for the dissolved Cu and Pb were 
determined at the bay of Gerakas (Station 8); on the 
other hand the highest values for the dissolved Fe, 
Mn and Ni were located at the sampling station of 
Gialia (Station 1) while those for the dissolved Cd 
were located at Patitiri (Station 2). Increased values 
of the most of the dissolved metals were determined 
in the area between Alonissos and Peristera. The 
marine area near the urban areas of Alonissos is rich 
in Cd and Cu. 

The concentration of the dissolved metals in 
some areas of the Aegean Sea as well as the quality 
thresholds defined by the US Environmental 

 
TABLE 2 

SiO4
4- in g/l) 

 
Area NO2

- NO3
- NH4

+ PO4
3- SiO4

4- TIN N/P 

Marine Park of N. Sporades 1998 [7] 0.03 1.25 1.11 0.12 0.90 2.39 20 
Open Saronikos gulf (2000-2002) [8] 0.12 1.18 0.24 0.11 1.97 1.54 14 
Inner Saronikos gulf (2000-2002) [8] 0.14 0.96 0.40 0.24 1.81 1.50 6 
Central Evoikos gulf 1998 [9] 0.18 5.81 2.71 0.22 8.14 8.70 40 
Northern Aegean Sea 1994 [10] 0.04 0.84 0.34 0.07 1.65 1.22 17 
Southern Aegean Sea 1994 [10] 0.03 0.78 0.28 0.06 1.83 1.09 18 
Marine Park of N. Sporades 2011 (present work) 0.03 0.87 0.80 0.04 2.54 1.70 64 
EU Marine Strategy [11] (a) 0.01 0.6 (< 1.0) (< 0.55) 0.2 (< 0.5) (< 3.0) (< 2.0)  

(a): proposed upper limits in brackets 
 

FIGURE 2 
3

- (a) and NH4
+ (b) in the surface seawater of the area  

of the Marine Park of Alonissos 
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TABLE 3 

Range and mean values of the dissolved and particulate forms of metals in the water column of the 
 

 
Metal Dissolved Particulate 

Range Mean Range Mean 
Zn 0.67  10.9 3.83 0.01  1.86 0.43 
Fe 0.42  6.44 1.52 0.28  493 53.2 
Cu 0.16  0.65 0.32 0.01  1.45 0.15 
Pb 0.04  0.34 0.15 BDL  3.46 0.30 
Cd 0.04  0.07 0.04 BDL  0.002 0.001 
Ni 0.37  0.72 0.51 0.00  2.10 0.26 
Mn 0.28  1.79 0.65 0.18  4.59 1.15 

 

FIGURE 3 
Surface distribution of the dissolved Pb, Cd and Zn in the Marine Park of Alonissos. 

 
TABLE 4 

Concentration of dissolved metals in some areas of the Aegean Sea (values in g/l) 
 

 Zn Cu Pb Cd Ni Mn 
Marine Park of N. Sporades 
1998 [7] 

9.19 1.03 0.58 0.82 3.06 1.38 

North Aegean     [22] 1.72-71 0.4-9.2 0.04-19.7 0.00-0.80   
Central Aegean  [22]    0.75-9.51 0.04-4.57 0.02-4.80 0.00-0.25   
Kaloni-Lesvos island [12] 1.05-2.66 0.22-0.37   0.70-2.11 1.87-4.09 
Outer Saronikos [13] 2,88  0,14 0,02  0.32 
MPA Alonissos 2011 - this study 
(d) 

0.67-10.90 
(3.83) 

0.16-0.65 
(0.32) 

0.04-0.38 
(0.15) 

0.02-0.07 
(0.04) 

0.37-0.72 
(0.51) 

0.28-1.79 
(0.65) 

EPA Acute (a)    [14] 90 4.8 210 40 74  
EPA Chronic (b) [14] 81 3.1 8.1 8.8 8.2  
EU Marine Strategy [11] (c )  1 (100) 0.5 (10) 0.5 (10) 0.1 (1)   

(a): adverse effects for short term exposition; (b): adverse effects for long term exposition;  
(c): reference values -proposed threshold for GES in brackets; (d): mean values in brackets 
 

FIGURE 4 
Surface distribution of the particulate Pb, Cu and Zn in the Marine Park of Alonissos. 
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FIGURE 5 
Correlation dendrogram between the metals in marine sediments. 

 
 

he concentrations of the under study metals 
during 2011 were remarkably lower than the 
determined ones in the previous study in 1998 at the 
same area [7] as well as than the ones prevailing in 
other areas of the north and central Aegean Sea. 
They were also lower than the recommended by the 
EPA and the EU ones. 

Remarkably low values were also determined 
as it concerns the particulate form of the metals 
(Table 3). The distribution plots for Pb, Cu and Zn, 
presented in Figure 4, indicate that the area between 
Alonissos and Patitiri is the richest in particulate 
metals. As expected, open sea has the lowest values 
concerning the particulate form of metals.  
 

TABLE 5 
Total sediments content in heavy metals (grain 

size fraction <1mm; values in mg/Kg) 
 

metal range mean 
Zn 7.72-135 32.4 
Fe 253-51,300 12,000 
Cu 7.62-89.4 20.0 
Cd 0.06-0.07 0.06 
Cr 3.23-214 34.8 
Ni 5.38-157 33.4 
Pb 3.91-181 34.0 
Mn 32.7-351 167 
Al 932-53,600 14,200 

The results of this study indicate that the 
seawater of the Marine Park of Alonissos is not 
polluted with heavy metals neither in their dissolved 
nor in their particulate form. 

 
Metals in the sediment.The ranges and mean 

values of the total content of the marine sediments in 
heavy metals are presented in Table 5. 

The highest values for all the studied metals, 
except Mn, were determined in the area between of 
Alonissos and Peristera islands. On the other hand 
the sediments in the centre of the marine park (the 
marine area around the island of Piperi) were found 
to be the least rich in metals. The application of the 
Pearson correlation in combination with the 

-software, 
indicate that all the metals with the exception of Mn, 
were strongly correlated between each other (r > 
0.90 for p <0.01) probably because of their common 
origin. Mn displayed a different   behaviour as it did 
not correlate with any of the studied metals. A 
correlation dendrogram between all the studied 
metals in sediments is presented in Figure 5. 

The values of the total metal content of the 
sediments for various marine areas of the East 
Mediterranean are presented in Table 6: 

 
 

TABLE 6 
heavy metal content of marine sediments (values in mg/Kg, Fe in g/Kg) in various areas of the East 

Mediterranean 
 

Location Zn Cu Cd Cr Ni Pb Mn 
Ismir Gulf inner 2009 [15] 79.0 22.0 0.07 122 82.0 18.0 493 
Ismir Gulf middle 2009 [15] 112 34.0 0.09 156 119 24.0 556 
Ismir Gulf offshore 2009 [15] 209  0.33 166 103 51.0 551 
Meditterranean background [16] 50.0 15.0 0.1-2.3 15  25.0  
Gulf of Souda (2007) [17] 54.4 23.9 0.07  55.0 28.4 176 
MPA Alonissos 1998 [18] 45.3 15.5   22.7 24.1 172 
MPA Alonissos 2011 (this study) 32.4 20.0 0.06 39.8 33.4 34.0 167 
EU Marine Strategy [11] (a) 40 (150) 10 (40) 0.1 (1.2)   10 (50)  

(a):  reference values -proposed threshold for GES in brackets;  
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According to this table, the total content of the 

than the respective ones of other coastal areas. 
Concerning Zn Cu and Cd, the values found are 
close to East Mediterranean reference values 
included at the Technical Report of the Framework 
Directive 2008/56/EU and also similar to the 
Mediterranean background. Although the 
concentration of Cr was elevated in comparison to 
the Mediterranean background, it was lower than the 
ones of other areas. 

Two factors are commonly used in order to 
assess the enrichment of the sediments in metals: 

a) The Enrichment Factor (EF) which is used to 
evaluate the anthropogenic inputs of heavy metals in 
marine sediments and is expressed by the equation: 
EF = ([Me]s/[Al]s ) / ([Me]b/[Al]b ) 

[Me]s , [Al]s are the concentrations of the metal 
and the Al respectively in the surface sediment and 
[Me]b ,[Al]b are the concentrations of these elements 
in the background, namely the average composition 
of the Upper Continental Crust (UCC). Sediments 
with EF>1.5 are considered as enriched in metals 
due to anthropogenic inputs. The calculated values 
of EF for the under study metals were 11.01 for Pb, 
7.06 for Ni, 3.41 for Cd, 3.18 for Cr, 2.82 for Cu, 
2.66 for Zn, 1.58 for Fe and 1.19 for Mn. These 

remarkably enriched in Pb, Ni, Cd, Cr and 
moderately enriched in Cu and Zn. 

b) The geoaccumulation index (iGeo). It is 
calculated by the equation: iGeo = log2(Cn/1.5Bn) 
where Cn is the content of the sediment in the metal 
and Bn is the content of the background (the average 
argillaceous shale) in the same metal. Although the 
iGeo is applied in clays (the fraction of the sediment 

 

background values the regional ones. The iGeo 
values of the under study sediments were 2.85 and 
1.13 for Pb and Ni respectively, indicating that the 
sediments of the area are classified as moderate to 
strongly polluted in Pb and moderate polluted in Ni. 
Concerning the rest of studied metals, the sediments 
are characterized as not polluted. 

The TEL/PEL Sediment Quality Guideline 
[21] is applied to marine sediments in order to 
characterize their capability to cause adverse effects 

that there is a small probability for the benthic 
organisms to be severely effected whereas the 

indicate a fair and obvious probability respectively. 
The sediments of the Marine Park can rarely harm 
the benthic biota, with the exception of the sampling 
station SA10 which is seriously enriched with the 
most of the studied metals. Among all the studied 
metals, nickel has the greatest capability to cause 
adverse effects to the benthic organisms, as its 
content in the sediments is elevated. 

CONCLUSIONS 

 
According to our measurements, the 

concentrations of nutrients and heavy metals in the 
studied area do not differ significantly to those 
prevailing in the open sea or to the ones determined 
in the previous study of 1998 and there is not any 
indication for significant marine pollution. 

According to the TEL/PEL Sediment Quality 
Guideline, the content of the sediments in metals for 
the most sampling stations is not dangerous for 
benthic organisms. The increased values in 
sediments and seawater at the station SA10 indicates 
a trend that must be taken in account.  The marine 
sediments of the area are also enriched in Ni, as 
values exceeded PEL in 3 out of 9 sampling points. 
This finding in combination with the values of EF 
and iGeo indicates that the content of the sediments 
in Ni is elevated and have to be studied further. 

According to our opinion, a more efficient 
system or procedure should be applied in order to 
adequately monitor the marine area. In order to 
enrich our Database as well as to create a reliable 
time-series, the determination of the environmental 
parameters in this marine area must become a 
routine. 
 
 
REFERENCES 
 
[1] Riley, J.P. and Taylor, D. Chelating resins for 

the concentration of trace elements from 
seawater and their analytical use in conjunction 
with A.A.S. Analytical Chemical 
Acta.1968;40:479  484 

[2] Kingston, H.M, Barness, I.L., Brady, T.J, Rains, 
T.C, and Champ, M.A. Separation of eight 
transition elements from alkali and alkaline 
earth metals in estuarine and seawater with 
chelating resin and their determination by 
graphite furnace atomic absorption 
spectophotometry. Analytical Chemistry. 1978; 
50: 2064  2070 

[3] UNEP. Reference Methods for Marine 
Pollution Studies, Report no 31  39, 1985. 

[4] Grasshof K. and Kremling. K. Methods of 
Seawater Analysis. III Edition WILEY-VCH. 
1997; 159-209 

[5] Valderama J. The simultaneous analysis of total 
N and total P in natural waters. Marine 
Chemistry, 10: 109-122. 

[6] Berman T. and Bronk D. Dissolved Organic 
Nitrogen: a dynamic participant in aquatic 
ecosystems. Aquat Microb Ecol, 2003, 31, 279-
305 

[7] Ladakis E., Skoullos M. and Dassenakis E. 
Water Quality in a Mediterranean Marine 
Protected Area (North Sporades Islands  
Greece). Chemistry and Ecology. 2003; 19(1): 
47  57. 



© by PSP  Volume 25  No.12/2016, pages 5618-5624  Fresenius Environmental Bulletin 

 

 

5624

[8] Pavlidou A., Kontoyannis H. and Psyllidou-
Giouranovits R. Trophic conditions and 
stoichiometric nutrient balance in the inner 
Saronikos Gulf (Central Aegean Sea) affected 
by Psittalia Seawage outfall. Fresen. Environ. 
Bull., 2004; 13 No 12b: 1509-1514. 

[9] Dassenakis M., Arsenikos S., Botsou F. 
Depiazi, G. Adrianos H., Zaloumis P. and 
Drossis G. General Trends in Marine Pollution 
of the Central Part of Euvoikos Gulf. 
Proceedings of the 6th International Conference 
on Environmental Science and Technology - 
Samos, Greece; 1999. 

[10] Kukuksezgin F., Balci a., Kontas A. and Altay 
O.Distrubution of nutrients and chlorophyll-a in 
the Aegean Sea. Oceanologica Acta 1995, 18, 3, 
343  352. 

[11] The accompanying technical report of the 
-Directive 2008/56/EC 

for the Marine Strategy: The action plan of the 
marine strategies in Greece (369 pp)  proposed 
thresholds are included. Web page: 
marinestrategy.opengov.gr (last accessed: 
27/08/2014). 

[12] Gavriil A.M and Angelidis M.O. Metal and 
organic carbon distribution in water column of 
a shallow enclosed bay at the Aegean Sea 
Archipelago: Kalloni bay, island of Lesvos. 
Estuarine, Coastal and Shelf Science 644 (2005) 
200  210. 

[13] V., Paraskevopoulou, V., Zeri, C., Kaberi, H., 
Chalkiadaki, O., Krasakopoulou, E., 
Dassenakis, M., Scoullos, M. Trace metal 
variability, background levels and pollution 
status assessment in line with the water 
framework and Marine Strategy Framework EU 
Directives in the waters of a heavily impacted 
Mediterranean Gulf. Marine Pollution Bulletin 
2014; 87: 323 - 337. 

[14] United States Env Protection Agency. National 
recommended water quality criteria: web page: 
http://www.water.epa.gov/scitech/swguidance/
standards/current/ (last accessed: 10/08/2014). 

[15] Kucuksezgin F., Kontas A., and Uluturhan E.: 
Evaluations of heavy metal pollution in 
sediment and Mullus barbatus from the Izmir 
Bay (Eastern Aegean) during 1997  2009. 
Marine Pollution Bulletin. 2011: 62 (2011), 
1562  1571 

[16] UNEP: Report on the state of pollution in the 
Mediterranean Sea. Ingovernmental review 
Meeting og Mediterranean Coastal States on the 
Mediterranean Action Plan. UNEP/IG.11/INF 
4. 1978 

[17] Dassenakis M., Thessalou-Legaki M., 
Katsanevakis S., Ladakis M., Mpotsou F., 
Rousselaki E., Petrochilou M., and Dassenaki 
M. The existing environmental situation of the 
gulf of Souda  Crete. Technical report ordered 
by the municipality of Souda, 2008. 

[18] Ladakis M., Sakelariadou F., Megalofonou P., 
Dasenakis M. and Roussis B. Metal content in 
sediments and benthic organisms from the 
National Marine Park of N. Sporades in Aegean 
Sea. 38th European Marine Biology Symposium 
(EMBS), 8  12 September 2003, Aveiro 
Portugal, Book of Abstracts No 245, p 184. 

[19] Subramanian V. and Mohanachandram G. 
Heavy metals distribution and enrichment in the 
sediments of the Southern  East Coast of India. 
Marine Pollution Bulletin 2 (1990) 324  330. 

[20] Sahu K. C. and Bhosale U. Heavy metal 
pollution around the island city of Bombay, 
India. Part 1: Quantification of heavy metal 
pollution of aquatic sediments and recognition 
of environmental discriminants. Chemical 
Geology 91 (1991), 263  283.  

[21] MacDonald D. D., Carr S.R., Calder F.D., Long 
E.R. and IngerSoll C.G. Development and 
evaluation of sediment quality guidelines for 
Florida coastal waters. Ecotox. 1996; 5: 253  
278.  

[22] Lab Network for the Environmental Quality 
Monitoring of the Hellenic Seas. Technical 
Report, pp 212-213, Athens 2006. 

 
 
 
 

 
Received: 12.05.2016 
Accepted: 21.09.2016 
 
 
CORRESPONDING AUTHOR 
 
Manos Dassenakis 
National and Kapodistrian University of Athens 
Department of Chemistry,  
Laboratory  of Environmental Chemistry 
Panepistimioupolis 157-84 
Athens GREECE 
 
e-mail: edasenak@chem.uoa.gr 
eladakis@chem.uoa.gr 



 
 

5067 

AUTHOR INDEX 
A     
Aasim, M. 5113  Alkan, A. 5245 
Abaci Gunyar, O. 5180  Al-Najjar, T. 5253 
Abalkhail, T. 5528  Al-Tawaha, M. 5347 
Abdel-Megeed, A. 5528  Altundas, A. 5411 
Abu Khadra, K. 5253  Anil, S. 5419 
Acik, L. 5611  Anlas, C. 5358 
Adomas, B. 5096  Araz, A. 5611 
Agar, G. 5411  Artun, F.T. 5419 
Akkan, T. 5492  Aydin Uncumusaoglu, A. 5492 
Aktas, B. 5297  Aydin, C. 5305 
Al-Arfaj, A. A. 5528  Aydogdu, M.H. 5449 
Al-Jawasreh, R. 5347    
     
B     
Baciak, M. 5096  Bayindir, A. 5365 
Bai, Y. 5394  Bini, C. 5347 
Baranowska, A. 5381  Biyik, H. 5297 
Basti, S. 5432  Bizhu, H. 5555 
Bati, B. 5245  Bordbr, A. 5138 
     
C     
Cao, X. 5120  Chen, L. 5326, 5516 
Celebi Keskin, A. 5611  Chen, X. 5145, 5261 
Celik, M. 5287  Chengjie, S. 5371 
Chan, C. 5499  Copty, N.K. 5217 
     
D     
Dai, Y. 5394  Diao, J. 5226 
Danyan, C. 5542  Dogan, M. 5113 
Dassenakis, M. 5618  Doygun, H. 5202 
Dayioglu, H. 5237  Doygun, N. 5202 
Dengli, T. 5483    
     
E     
Eker, S. 5467  Erdogan, Y. 5411 
Erdogan, O. 5581  Eslem Kadak, A. 5287 
     
F     
Fan, C. 5326  Feng, L. 5261 
Fang, G. 5208    
     
G     
Gassaymah, R. 5253  Guibin, L. 5499 
Gelibolu, S. 5287  Guimei, T. 5499 
Gercek, G. 5287  Guler, P. 5611 
Gharibvand, R. 5590  GültekinTemiz, M. 5511 
Gozcu, M. 5202  Guo, Y. 5208 
Gu, J. 5406  Guo, Z. 5516 
Guan, D. 5555  Guohua, N. 5483 
Gugala, M. 5381    
     
H     
Haliki Uztan, A. 5180  Hekimhan, H. 5388 
Han, X. 5261, 5456  Hongxing, Z. 5587 
Han, Y. 5145  Hou, H. 5080 
Han, Z. 5280  Hsieh, Y. 5336, 5341 
Hasoonizadeh, H. 5590  Hu, S. 5326 



 
 

5068 

He, Z. 5186  Huabin, Z. 5499 
Heidarnejad, M. 5138, 5590  Hui, L. 5587 
     
J     
Jelonkiewicz, E. 5271  Jiang, P. 5406 
Jelonkiewicz, L. 5271  Jiao, L. 5080 
Ji, Y. 5394  Jingjing, L. 5371 
Jiang, H. 5261  Jingyi, L. 5499 
Jiang-Wei, Z. 5534    
     
K     
Kalyoncu, H. 5237  Kilcik, F. 5237 
Kamanbedast, A.A. 5138, 5590  Kizil, H.E. 5411 
Kang, H. 5291  Koloren, O. 5467 
Kapela, K. 5381  Komendova, R. 5172 
Karaca, I. 5365  Krasnodebska, E. 5381 
Karagoz, A. 5419  Krzesiwo, K. 5271 
Karatas, M. 5113  Kucukgulmez, A. 5287 
Kashkouli, H. 5590  Kultur, S. 5419 
Keskin, N. 5180  Kumar Sahu, S. 5432 
Khalaf, M. 5253  Kurt, F. 5511 
Khalaf, N. 5253  Kuta, J. 5172 
     
L     
Ladakis, M. 5618  Lippi, M. 5347 
Lei, W. 5534  Liu, H. 5151, 5516 
Lenart-Boron, A. 5271  Liu, J. 5186 
Li, H. 5145  Liu, M. 5186 
Li, Q. 5130  Liu, W. 5145 
Li, X. 5394  Liu, Y. 5120, 5261, 5599 
Li, Z. 5313, 5565  Lu, P. 5456 
Lian, J.-Z. 5336, 5341  Luo, S. 5326 
Liang, S.-K. 5424  Luo, Z. 5326 
Liao, X. 5145  Lv, D.  
Liping, W. 5371  Lv, Y. 5394, 5399 
     
M     
Ma, F. 5226  Melikoglu, G. 5419 
Ma, S. 5162, 5313  Meng, C. 5162 
Ma, W. 5599  Miao, X. 5440 
Maomao, H. 5542  Mostafa, A.A. 5528 
Maric, I. 5105  Muzaffar, R. 5528 
     
N     
Nenkovic-Riznic, M. 5105  Niu, C. 5326 
Nevrla, J. 5172    
     
O     
Ogutcu, H. 5411  Ovezikoglou, P. 5618 
Oguz, I.H. 5581  Ozger, S. 5365 
Onucyildiz, M. 5217    
P     
Peart, M.R. 5555  Prajsnar, J. 5271 
Piotrowicz-Cieslak, A.I. 5096  Pucar, M. 5105 
Poyrazoglu Coban, E. 5297  Purmohammadi, M.H. 5138 
     
Q     
Qi, W. 5186  Qiao, X. 5145 
Qiao, H. 5226    



 
 

5069 

R     
Rostami, H. 5138    
     
S     
Sabanci, K. 5305  Sikorska, A. 5381 
Sahu, C. 5432  Sipahi, H. 5388 
Sedat Sevinc, M. 5365  Sommer, L. 5172 
Sengul, U. 5492  Song, C. 5120 
Senol, N. 5354  Song, Q. 5406 
Shaomang, W. 5371  Su, R. 5186 
Sholkamy, E.N. 5528    
     
T     
Tahir, A. 5528  Tsai, C.T. 5336, 5341 
Tianyin, C. 5499    
     
U     
Ustuner, O. 5358  Uzun, A. 5575 
Ustunturk-Onan, M. 5419    
     
W     
Wahsha, M. 5253, 5347  Wang, T. 5599 
Wang, C. 5424  Wang, X. 5424 
Wang, G. 5555  Wang, Y. 5130 
Wang, L. 5162, 5186, 5194  Wang, Z. 5599 
Wang, M. 5145  Wei, C. 5130 
Wang, N. 5280  Wei, H. 5599 
Wang, P. 5473  Wei, Z. 5162 
Wang, Q. 5473  Wen, X. 5208 
Wang, R. 5456  Wolanin, A. 5271 
Wang, S. 5120, 5399  Wu, H. 5130 
     
X     
Xia, X. 5371  Xu, B. 5565 
Xiao, R. 5555  Xu-xiang, L. 5291 
Xiaohou, S. 5542    
     
Y     
Yagan Asci, M. 5245  Yarar, A. 5217 
Yaming, Z. 5542  Yasa, B. 5575 
Yan, Z. 5534  Ying, Y. 5534 
Yanar, Y. 5287  Yoltas, A. 5180 
Yang, J. 5162  Yu, Y. 5186 
Yang, Q. 5456  Yuanhong, X. 5587 
Yang, T. 5080  Yuanhua, Y. 5483 
Yang, X. 5280  Yuelin, L. 5499 
Yao, H. 5499  Yumurtaci, A. 5388 
Yao, Y. 5194    
     
Z     
Zarzecka, K. 5381  Zhao, J. 5145 
Zelazny, M. 5271  Zhao, S. 5080 
Zeybek, Z. 5419  Zheng, J. 5516 
Zhang, B. 5394  Zhong, J. 5226 
Zhang, F. 5162  Zhou, C. 5599 
Zhang, G. 5473  Zhou, L. 5130, 5208 
Zhang, H. 5399, 5565  Zhou, P. 5186 
Zhang, J. 5406  Zhou, Q. 5440 
Zhang, L. 5151, 5313  Zhou, R. 5280 



 
 

5070 

Zhang, P. 5424  Zhou, W. 5516 
Zhang, Q. 5555  Zhou, Y. 5120, 5145 
Zhang, S. 5194  Zhou, Z. 5120 
Zhang, X. 5151  Zhu, S. 5130 
Zhang, Y. 5120, 5473, 5599  Zhu, W. 5399 
Zhao, B. 5226    
     
     
 

  



 
 

5071 

  SUBJECT INDEX    

A   
Adsorption 5151, 5326, 5371  5237 

 5411  Antibacterial activity 5419 
age dependent life table   5365 Antimicrobial Activity    5411 
Air quality grades  5162 Antimutagenic effect  5411 
Algae-laden water                          5406 Aqaba 5253 
Alonnissos                    5618  AR27                              5341 
alternative stable state 5120 Archaeology 5347 
Amaranthus hybridus L.                5565  artificial neural network    5217 
Amberlite XAD-4 5245 Aspergillus niger                                 5528 
Amoxicillin              5358  Aspidiotus nerii                          5365 
anaerobic ammonium oxidation   5456   
    
B    
Bacillus subtilis strain 5394 Bibliometric 5080 
Bacillus tequilensis 5534 biochar           5226 
Bacteria 5130, 5297  biodegradation 5534 
Barley                               5388 Bioecology 5575 
BDE-209     5280  biological risk   5499 
Beauveria bassiana                        5180  Biosorption 5528 

5271 boron toxicity       5511 
    
C   
Cadmium 5565, 5587  chlorimuron-ethyl       5394, 5534 
carbon accumulation  5555 chlortetracycline                          5096 
carbon dioxide evolution 5432 Clean Development Mechanism 5313 
Carbon nanotubes                          5151 Climate change    5208 
Carbonaceous components  5162 Coking wastewater   5130 
cationic surfactant                     5172 comet assay 5358 
cattle manure                     5226  Concentrations 5253 
Cd                      5280 constant darkness 5096 
CFD                                               5473 Contaminated site 5145 
characteristic 5406 Correlation analysis 5208 
chelating material      5326 Cotton                         5511 
Chelator 5565 cycle 5138 
chemical analysis    5581 Cycloalkylaminocyanothiophenes   5411 
Chinese coast 5555 Cynodon dactylon           5599 
Chitosan 5287   
     
D   
data 5180 discharge-scale curve 5138 
decolorization 5336, 5341 disinfection 5473 
Degradation 5394  Disk diffusion assay 5419 
denitrification                                5120 distribution 5145, 5424, 

5440Diatom Indices                               5237 dithiocarbamate 5245 
diatomite 5371  DNA finger prints                           5611 
discharge coefficient  5138, 5590  dredged sediments       5399 
    
E    
early warning   5499 Environmental benefits 5313 
Eco-friendly technology       5528  environmental regulation                  5483 
ecological risk assessment 5424 enzyme activities 5432 
ecosystem carbon storage 5555  Escherichia coli  5271 
EDTA 5565 EST 5388 
Eisenia foetida            5354  European eel  5287 
electrodeless ultraviolet    5473  Extraction 5297 
entomopathogenic fungus   5180    

  



 
 

5072 

F   
Fatty acids 5287 Fluorescence characteristics 5599 
fiber quality properties 5511  Food safety 5587 
firm size distribution   5483  forms 5399 
Fishes 5253  Functionalization 5151 
flame atomic absorption spectroscopy 5245  furnace iron waste    5336 
flooding 5599  Fusarium 5388, 5611 
   
G   
Galleria bait method  5180 Geranium 5467 
GAP-Sanliurfa  5449  GF-1  5261 
Genetic identification     5611  GIS modeling                           5105 
genotoxicity 5358 Goji berry                                   5581  
Geoaccumulation 5492  green land                                     5499 
Geographic information systems (GIS) 5291 Green space 5202 
Geraniaceae                            5467    
    
H   
Habitat environmental quality index  5291  Hemarthria altissima    5599 
hand-warmer  5341 herbicides                             5381 
Healty trace elements 5587  Histopathological 5354 
heavy metal 5226, 5354, 5440, 5492 Hyperaccumulator 5565 
heavy metals    5113, 5253, 5326, 5587  hzsB gene 5456 
    
I   
ICP-MS 5172, 5587 Inorganic elements 5162 
Image processing            5305 Internal Transcribed Spacer    5467 
Imines 5411  isolation 5180, 5297 
In vitro          5113 Isolation and screening 5394 
industrial park  5440    
     
J     
Jiaozhou Bay       5424  joint exposure      5280 
     
K   

 5202 Körfez Wetland       5575 
kinetic 5371   

  
L   
Labyrinth weir           5138, 5590 Lead 5354 
land surface temperature  5194 Leaf area index (LAI)                       5261 
Land use                             5432 Levels 5253 
landfill site selection   5105 lichens 5172 
LDA 5186 Luffa cylindrica   5528 
leaching 5399 Lupinus luteus L.      5096 
     
M   
Macroelements 5381  micronucleus 5358 
management 5499 microsatellites 5388 
mangrove forest                             5555 microwave 5473 
Marine Park 5618 modified cellulose of cassava 5326 
maternal age effect    5365 Molecular diversity     5130 
mesophilic bacteria  5271 monitoring 5499 
Metals 5618 morphologic characteristics  5581 
Methanolich extracts 5419  MTT method 5419 
Methylene blue                            5336 Mulch                                    5542 
microbial preparation                     5280, 5534  multi regression 5217 
    
     
     



 
 

5073 

N   
Near infrared spectroscopy            5186 Nonylphenol                         5424 
nirS 5120  Northeastern rice of China 5587 
Nitrate nitrogen 5542  NTA 5565 
nitrite-dependent anaerobic methane oxidation    5456 Numerical Simulation 5313 
Nitrogen loss 5542 nutrients 5271, 5618 
Noise pollution                           5202    
    
O   
O2 5406  optimization 5297, 5473 
OCPs 5145 Organic compounds      5186 
OMNIDIA 5237 Organic fertilizer      5542 
Oncorhynchus mykiss   5358  Ornitofauna 5575 
    
P   
patch 5194 Piano Key Weir   5590 
Pattern recognition 5186 planting density  5599 
PCA 5186  Platinum group metals 5172 
peach fruit quality 5516 PM2.5                             5080, 5162 
peach fruit yield   5516 pmoA gene  5456 
peach orchard                                 5516 Pollutants emission reductions 5313 
Pedostratigraphy                     5347 pollution trends   5440 
Petra 5347 Poly- -Hydroxybutyrate                   5297 
phosphorus 5399, 5516 potato 5365, 5381 
photochemical formation  5406 Poyang Lake 5261 
photoperiod 5096 precision agriculture   5305 
phylogeny 5467 preconcentration 5172 
physical analysis   5581  Principal component analysis    5291 
     
Q   
Quantitative evaluation system 5291   

  
R   
RAPD-PCR 5611 Research orientation 5080 
reactor 5473 Research performance 5080 
Red Sea 5253 risk perception 5449 
regeneration 5326 robotic weeding  5305 
Remote Sensing   5261 Runoff 5542 

  
S   
sediment 5120, 5492, 5618 soil organic carbon (SOC) 5555 
separation 5172 Solid phase extraction 5151 
sewage treatment plant 5271  solidification 5399 
shallow lakes 5120 sorption 5226 
Shellfish waste                               5287  spatial analysis of GIS 5194 
Shrimp 5287  Spatial-temporal responses 5208 
Skin 5354 Stem node explants      5113 
Snow cover                                    5208 Streamflow modeling                       5217 
social criteria   5105 sulphur 5511 
Soil  5145 Surface runoff   5516 
Soil ecosystem functioning   5432  Sustainable environment                  5449 
Soil erosion levels                            
    
T   
Taihu Lake                                     5399 Trapezoidal Weir  5590 
thermodynamics 5371 Trace metals 5245 
Tibetan Plateau   5208  Trifolium repens L.  5516 
TOC removal 5341 Turkey                         5237, 5449, 5575 
topsoil 5440   
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U   
urban environmental protection 5202  

     
V   
Vegetation indexes 5261 villages in Serbia 5105 

     
W   
WAsP Climate Analyst   5313 wavelet transform  5217 
Water 5492 weed control 5305 
Water landscape                             5194  weed control methods   5381 
Water quality 5113, 5237 weir with rectangular-shaped plan   5138 
water-level fluctuating zone 5138, 5456 willingness to pay  5449 
Water-soluble inorganic ions      5162  Wind Energy Resources                   5313 

  
Y   

 5492 yield 5581 
     
Z   
zero-valent iron 5336  Zipf distribution  5483 
Zinc 5528    
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FEB  GUIDE FOR AUTHORS 

General 
FEB accepts original papers, review articles, short 
communications, research abstracts from the entire 
sphere of environmental-chemistry,-biology,- 
microbiology,- technology, -biotechnology and-
management, furthermore, about residue analysis/ 
and ecotoxicology of contaminants. 
Acceptance or no acceptance of a contribution will 
be decided, as in the case of other scientific 
journals, by a board of reviewers. Papers are 
processed with the understanding that they have not 
been published before (except in form of an abstract 
or as a part of a published lecture, review or 
thesis);that they are not under consideration for 
publication elsewhere; that their publication has 
been approved by all co-authors, if any, as well as- 
tacitly or explicitly- by the responsible authorities 
at the institute where the work has been carried out 
and that, if accepted, it will not be published 
elsewhere in the same form, in either the same or 
another language, without the consent of the 
copyright holders. 
 
Language 
Papers must be written in English. Spelling may 
either follow American (Webster) or British 
(Oxford) usage but must be consistent. Authors 
who are less familiar with the English language 
should seek assistance from proficient colleagues in 
order to produce manuscripts that are 
grammatically and linguistically correct. 
 
Size of manuscript 
Review articles should not exceed 30 typewritten 
pages. In addition up to 5 figures may be included. 
Original papers must not exceed 14 typewritten 
pages. In addition up to 5 figures may be included. 
Short-Communications should be limited to 4 
typewritten pages plus not more than 1 illustration. 
Short descriptions of the authors, presentation of 
their groups and their research activities (with 
photo) should together not exceed I typewritten 
page. Short research abstracts should report in a 

few brief sentences (one-fourth to one page) 
particularly significant findings. Short articles by 
relative newcomers to the chemical innovation 
arena highlight the key elements of their Master and 
PhD-works in about I page. 
Book Reviews are normally written in-house, but 
suggestions for books to review are welcome. 
 
Preparation of manuscript 
Dear authors, 
FEB is available both as printed journal and as 
online journal on the web. You can now e-mail 
your manuscripts with an attached file. Save both 
time and money. To avoid any problems handling 
your text please follow the instructions given 
below: 
When preparing your manuscripts have the formula 
K/SS (Keep It Simple and Stupid) in mind. Most 
word processing programs such as MS-Word offer 
a lot of features. Some of them can do serious harm 
to our layout. So please do not insert hyperlinks 
and/or automatic cross-references, tables of 
contents, references, footnotes, etc. 
1. Please use the standard format features of your 
word processor (such as standard.dot for MS 
Word). 
2. Please do not insert automatisms or secret link-
ups between your text and your figures or tables. 
These features will drive our graphic department 
sometimes mad. 
3. Please only use two fonts for text or tables 
"Times New Roman" and for graphical 
presentations "Arial". 
4. Stylesheets, text, tables and graphics in shade of 
grey 
5. Turn on the automatic language detection in 
English (American or British) 
6. Please - check your files for viruses before you 
send them to us!! 
Manuscripts should send to:parlar@wzw.tum.de 
                                         or:parlar@prt-parlar.de 

Thank you very much! 
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STRUCTURE OF THE MANUSCRIPT 

Title page: The first page of the manuscript should 
contain the following items in the sequence given: 
A concise title of the paper (no abbreviations). The 
names of all authors with at least one first name 
spelled out for every author. The names of 
Universities with Faculty, City and Country of all 
authors. 

Abstracts: The second page of the manuscript 
should start with an abstract that summarizes 
briefly the contents of the paper (except short 
communications). Its length should not exceed 150-
200 words. The abstract should be as informative as 
possible. An extended repetition of the paper's title 
is not considered to be an abstract. 

Keywords: Below the Summary up to 6 key words 
have to be provided which will assist indexers in 
cross-indexing your article. 
 
Introduction: This should define the problem and, 
if possible, the frame of existing knowledge. Please 
ensure that people not working in that particular 
field will be able to understand the intention. The 
word length of the introduction should be 150 to 
300 words. 
 
Materials and methods: 
Please be as precise as possible to enable other 
scientists to repeat the work. 
 
Results: Only material pertinent to the subject must 
be included. Data must not be repeated in figures 
and tables. 
 
Acknowledgements: Acknowledgements of 
financial support, advice or other kind of assistance 
should be given at the end of the text under the 
heading "Acknowledgements". The names of 
funding organisations should be written in full. 
 
References: Responsibility for the accuracy of 
references rests with the authors. References are to 
be limited in number to those absolutely necessary. 
References should appear in numerical order in 
brackets and in order of their citation in the text. 
They should be grouped at the end of the paper in 
numerical order of appearance. Abbreviated titles of 
periodicals are to be used according to Chemical or 
Biological Abstracts, but names of lesser known 
journals should be typed in full. References should 
be styled and punctuated according to the following 
examples: 
 
 
 
 
 
 
 

 
 
ORIGINALPAPERS: 
l. Author, N.N. and Author, N.N. (Year) Full title of 
the article. Journal and Volume, first and last page. 
BOOK OR PROCEEDING: 
2. Author, N.N. and Author, N.N. (Year) Title of 
the contribution. 
In: Title of the book or proceeding. Volume 
(Edition 
of klitor-s, ed-s) Publisher, City, first and last page 
 
DOCTORALTHESIS: 
3. Author, N.N. (Year) Title of the thesis, 
University and 
Faculty, City 
 
UNPUBLISHED WORK: 
Papers that are unpublished but have been 
submitted to a journal may be cited with the 
journal's name followed by "in press". However, 
this practice is acceptable only if the author has at 
least received galley proofs of his paper. In all other 

work" or "personal communication". 
 
Discussion and Conclusion: This part should 
interpret the results in reference to the problem 
outlined in the introduction and of related 
observations by the author/s or others. Implications 
for further studies or application may be discussed. 
A conclusion should be added if results and 
discussion are combined. 
 
Corresponding author: The name of the 
corresponding author with complete postal address  
 
Precondition for publishing:  
A minimum number of 25 reprints must be 
ordered and prepaid. 
1 - 4 pp.: 200,- EURO + postage/handling 
5 - 8 pp.: 250,- EURO + postage/ handling 
More than 8pp: 1.50 EURO/page x number of 
reprints +postage/ handling. 
The prices are based upon the number of pages in our 
journal layout (not on the page numbers of the 
submitted manuscript). 
Postage/ Handling: The current freight rate is 

 
VAT: In certain circumstances (if no VAT 
registration number exists) we may be obliged to 
charge 7% VAT on sales to other EU member 
countries.MESAEP and SECOTOX members get a 
further discountof 20% (postage/ handling full). 


