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Nickel, as a heavy metal, is toxic for many living species. Thus, the determination of trace amounts of nickel
in environmental samples is of great importance. In the present study, new, sensitive, simple and validated
solid phase extraction method is developed for the determination of nickel. In recent study nickel was
preconcentrated as diamino-4-(4-nitro-phenylazo)- 1H-pyrazole (PDANP) chelates (Ni-PDANP) from
sample solutions using a column containing Amberlite XAD-7 and determined by flame atomic absorption
spectrometry (FAAS). The optimum experimental parameters such as pH of the medium, sample flow rate,
eluent and effect of matrix ions on the method efficiency were investigated. The optimum pH value for
quantitative sorption of Ni-PDANP was found between 6.0 and 8.0. Elution process was performed by using
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PDANP 6 mL of 2mol L~! HCl. The sorption capacity of resin was determined to be 7.2mgg~! for Ni. The

Nickel preconcentration factor was 125. In optimized conditions. A relative standard deviation and detection limit

Preconcentration were found to be 2.8% and 0.44 pg L™ ! respectively. The method was successfully applied to determine the

FAAS trace amounts of nickel in tap water and mineral waters, and suitable recoveries were obtained (100.0-
103.5%).

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Nickel is a toxic trace element of widespread distribution in the
environment. It, usually, enters waters from waste disposals of
different industrial processes such as electroplating, batteries,
pigments for paints and ceramics, surgical and dental prostheses,
magnetic tapes and computer components, catalysts and also it is
emitted to the atmosphere from volcanoes and windblown dusts
[1,2]. Long-term exposure can cause decreased body weight, heart
and liver damage, and skin irritation. High levels of Ni in the diet may
be associated with an increased risk of thyroid problems, cancer, and
heart disease [3]. Epidemiological studies showed that the majority of
the factors leading to the development of tumor in humans have
arisen from environmental factors and 65-70% of all cancers in
humans are associated with the environment, including the work
environment, 30-40% with nutritional habits and only 2% with
consequences of genetic predispositions [4,5]. Therefore, the devel-
opment of novel and sensitive methods to determine the nickel
content of environmental, biological and food samples is necessary
and important [6].
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The determination of nickel in environment and biological samples
has been carried out by various instrumental techniques such as
neutron activation analysis (NAA) [7], inductively coupled plasma
optic emission spectrometry (ICP-OES) [8,9] inductively coupled
plasma mass spectrometry (ICP-MS) [10], X-ray fluorescence spec-
troscopy [11] and chromatography [12,13]. Despite the sensitivity and
selectivity of analytical techniques such as flame atomic absorption
spectrometry (FAAS), there is a great necessity for preconcentration of
metal prior to its determination, basically due to its low concentration
or the effects of matrix in aqueous samples [14]. There are many
methods to preconcentrate such as, coprecipitation, solvent extrac-
tion, electrochemical deposition, membrane extraction, and solid
phase extraction [15]. Solid phase extraction (SPE) has become a
preferred method at enrichment of many metal ions prior to their
analysis by FAAS and other techniques. SPE is an attractive method
that reduces consumption and exposure to solvent, disposal costs and
extraction time [16,17].

In the present work, a novel method was developed for the
determination of trace amount of nickel by using FAAS in different
water samples. Ni-PDANP chelates can be adsorbed on resin in
column and optimum experimental conditions on nickel recovery
were investigated. Analytical parameters such as precision and
accuracy of the method have also been determined. The developed
method has been successfully used to determine the nickel in various
samples.
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2. Experimental
2.1. Apparatus

A Perkin Elmer Analyst model 700 (Shelton, CT, USA) Flame
Atomic Absorption Spectrometer (FAAS) with a hallow cathode lamp
and a deuterium background corrector, at respective resonance line
using an air-acetylene flame was used. The instrumental parameters
for nickel determination were found as follows: wavelength
232.0 nm, lamp current 7.5 mA, bandpass 0.2 nm. Schott Lab-Star
pH meter was used to measure the pH of solutions.

2.2. Reagents and solutions

All reagents used were of analytical grade and all solutions were
prepared by using triple distilled and deionized water. Amberlite
XAD-7 (surface area 450 m? g~ ! and bead size 20-40 mesh) was
obtained from Aldrich (Milwaukee, USA). Standard PDANP solution of
0.04% (w/v) was prepared by dissolving 0.02 g of PDANP (99.9%
purity) in 50 mL mixture of methanol-water (40:60% v/v). Metal
solutions were prepared as atomic absorption standard solutions
(1000 £2 mg L™ ). Nitric acid (65%w), hydrochloric acid (37%w),
methanol, ethanol, acetonitrile (ACN) and other chemical reagents
were purchased from Merck (Darmstadt, Germany). All chemicals
were used without further purification. The glassware used was
washed with potassium dichromate — sulfuric acid, NaOH, ethanol
and finally soaked in dilute nitric acid overnight and thoroughly
washed with distilled water. Amberlite XAD-7 was removed prior to
its use by washing it thoroughly with 1 mol L~ ! NaOH and 4 mol L™ !
HCI respectively. Afterwards, it was washed with doubly distilled
water and finally with a small amount of methanol.

Adsorption column were prepared according to literature [18]. The
glass column was 12 cm length and 0.8 cm internal diameter. A small
amount of glass wool was placed at the bottom of the column in order
to hold the resin. 0.6 g dried resin was placed and another small glass
wool plug was inserted onto the tap of the resin. The bed height of
the resin in the column was approximately 2.0 cm. It was washed
successively with water, methanol, 2 mol L~ ! HCl and HNO; solutions,
respectively.

2.3. Synthesis of diamino-4-(4-nitro-phenylazo)-1H-pyrazole

1,4-Diamino-benzene (0.56 g, 5.22 mmol) was dissolved in
100 mL methanol in a 250 mL round bottom flask. A solution of
1.12 g (10.44 mmol) of pyridine-2-carbaldehyde (1 mL) in 10 mL
methanol was added drop-wise over a 20 min period with continuous
stirring for 3 h at room temperature. Half of the methanol was
removed by evaporation and the mixture was cooled in a salt ice-bath,
the precipitate was filtered, washed with methanol and dried at room
temperature. This reaction yield was obtained as 52% [19]. The
reaction scheme of the synthesis is shown in Scheme 1.

X
2L e#°

N

+ H1N@NH1
< 2 2
H

49
2.4. Preconcentration procedure

The method was tested by using standard test solutions before its
application to the natural water samples. The standard test solutions
were prepared as follows: 5mL of 1.0mgL™~! of Ni (II) standard
solution added to 2.5 mL of standard PDANP solution and mixed with
2 mL buffer solutions in a volumetric flask. The pH was adjusted by
adding 0.1 mol L™! HCl or 0.1 mol L™! NaOH to the medium [20].
Acetate buffer (0.1 molL™") was used in the pH range 3.0-6.0,
phosphate buffer (0.1 molL™") for the pH 6.8-9.0 and ammonium
buffer (0.1 mol L™ ') was used in the pH range 9.0-10.0. Afterwards,
final volume of sample was diluted to 50 mL with distilled water. Before
use, the column was preconditioned with the buffer solution for each
working pH. To formation of complexes, the standard test solutionsin all
of experiments were kept at 30 min. Then, this solution was permitted
to flow through the column under gravity at flow rate of 2.5 mL min™ .
The adsorbed nickel ions on the column were eluted with 6 mL of
2 mol L™ ! HCl solution that has a flow rate of 4 mL min~— . Nickel was
analyzed with method of direct calibration curve by FAAS. Device setting
is controlled every five readings. A blank solution was also run under the
same conditions without adding any nickel. In this study each
measurement was repeated three times by FAAS.

2.5. Analysis of water samples

A tap water sample was collected from Elazig city line, a com-
mercial natural drinking water and mineral water collected from local
market in Elazig, Turkey. These samples were analyzed to its Ni
content. The water samples were filtered through Whatman filter
paper (No. 40). Then 2.5 mL of standard PDANP solution and 2 mL of
phosphate buffer solutions were added. The pH of the solution was
adjusted to 7.0 by using 0.1 mol L™ ! HCl or NaOH solution and passed
through the Amberlite XAD-7 column. After elution process, analyses
of samples were performed according to recommended preconcen-
tration procedure.

3. Results and discussion

In order to obtain quantitative recoveries of nickel on the XAD-7
polimer resin, in the separation/preconcentration procedure various
analytical parameters, such as pH of sample solution, amount of resin,
volume and type of elution solution, amount of ligand, flow rate of
sample solution and volume of sample solution, were optimized. The
possible interfering effects of other ions were also investigated. The
recovery of analyte ion separated and preconcentrated on the column
was calculated from the amounts of metal ion in the starting sample
and the amount of metal ion in the eluent.

3.1. Effect of pH of the aqueous solution on the retention of Ni(Il)
To determine the optimum pH range for sorption of nickel ions,

seven standard sample solutions having pH in the range of 3.0-10.0
were passed through columns. The nickel ions was stripped by 6 mL of
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Scheme 1. Synthesis of diamino-4-(4-nitro-phenylazo)-1H-pyrazole.
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2mol L™ ! HCl solutions from column and determined by FAAS as
described in the recommended procedure. The effects of the pH value
on the recovery values were summarized in Fig. 1. As shown in the
figure, at pH values lower than 6 and higher that 8, recovery values
were found to be insufficient for analytical applications. This behavior
of pH to recovery of nickel ions may be explained as follows: in
alkaline medium, especially at pH values higher than 8 it is possible to
be precipitated for nickel ions as related hydroxides. In solutions
having a pH value lower than 6 a relatively high concentration of H™
affects the active adsorption surface and hinders the adsorption of
metal ions to surface and then lowers the recovery values of the
proposed method [21]. Therefore, pH 7.0 was chosen as an optimum
pH in phosphate buffer for analytical determination of nickel in
further studies.

3.2. Influence of amount of diamino-4-(4-nitro-phenylazo)-1H-pyrazole

A series of studies were performed to test whether PDANP as a
ligand has an effect on recovery values or not. Because, according to
results of the studies carried out in PDANP-free medium, the recovery
value was found to be about 22%. To this aim, different amounts of
PDANP were added to the test solutions of which each contains 5.0 g
of Ni(II) and these test solutions were passed through the Amberlite
XAD-7 column. The results were given in Fig. 2.

As seen from Fig. 2 recovery value of the proposed method
increases with the amount of PDANP. Especially when the amount of
PDANP is 0.5 mg or more, recovery values exceed 95%. Therefore, in
further studies, 2.5 mL of standard PDANP solution of 0.04%, (w/v)
was used.

This effect of PDANP on recovery may be explained as: PDANP
could stimulate the adsorption of Ni(Il) from the aqueous solution. It
may be due to their unique characteristics, such as surface charge and
sorption energy of the solution or exchange heavy metal on the solid
surface [22].

3.3. Effect of sample volume

One of the important parameters in this kind of studies is
the selection of the sample volume. The influence of the sample
volume on recovery values was examined on XAD-7 column at a
2.5 mLmin~ ' flow rate. For this purpose; 50, 100, 250, 500, 750 and
1000 mL of the sample solutions (corresponding nickel ion concen-
trations are: 0.05, 0.025, 0.01, 0.005, 0.0033 and 0.0025 pg/mL) of
which each contains 2.5 nug of nickel that was passed through the
column at the optimum conditions. The results were given in Fig. 3. As
can be seen from Fig. 3 at sample volume lower than 750 mL, Ni (II)
ions present in the adsorption medium could interact with the
binding sites, and the higher the recovery of the proposed method.
The samples have volumes higher than 750 mL, probably because of
the saturation of the adsorption sites and exceed the column capacity
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Fig. 1. The effect of pH on the recovery of nickel (sample volume: 50 mL, amount of
nickel: 5 pg, eluent: 6 mL of 2 mol L™ ! HCI solution, flow rate of sample: 2.5 mL min~ ",
and sorbent: 600 mg, N=3).
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Fig. 2. The effect of PDANP amount on the recovery of nickel (sample volume: 50 mL,
amount of nickel: 5 pg, eluent: 6 mL of 2 mol L™ ! HCI solution, flow rate of sample:
2.5mLmin~ !, pH: 7.0, and sorbent: 600 mg, N=3).

recovery value that shows a trend of decreasing. Therefore, the
optimum sample volume was obtained in the range of 50 mL and
750 mL for the quantitative determination of Ni (II) ion. Enrichment
factor was found at 125 by analyzing 6 mL of the final solution after
the preconcentration of 750 mL of the sample solution.

3.4. Effect of flow rate

After optimization of the sample volume, the influences of flow
rate on the adsorption of nickel were investigated. The nickel was
desorbed from the resin by using 6 mL of 2 mol L™ ! HCI solutions. As
shown in Fig. 4, when the flow rate was higher than 2.5 mL min™ ', the
interaction time of Ni (II) ions to adsorbent was decreased and
insufficient time of interaction decreases the amount of nickel ions in
the eluent. Thus, it was found that the suitable flow rate of the
solution was found to be in the range of 1-2.5 mLmin~ ! and the
optimum flow rate of 2.5 mLmin~! was selected as the working
solution flow rate to decrease analysis time.

3.5. Choice of eluent agents

In order to obtain maximum quantitative recoveries of nickel,
various eluent and volume of reagent were studied. For this purpose
ethanol, acetonitrile, HCl and HNO; solutions were used. The
experimental results show that the maximum recovery for nickel
was observed by using 6 mL of 2 mol L~ ! HCI solutions. The effects of
various eluents on the recoveries of nickel are summarized in Table 1.

3.6. Effect of resin amount

The influence of the amount of XAD-7 resin on recoveries for nickel
was studied at different amounts of sorbent. To this aim, the XAD-7
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Fig. 3. The effect of sample volume on the recovery of nickel (amount of nickel: 2.5 pg,
eluent: 6 mL of 2 mol L™ ! HCl solution, flow rate of sample: 2.5 mL min~ !, pH: 7.0, and
sorbent: 600 mg, N=3).
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Fig. 4. The effect of solution flow rate on the recovery of nickel (sample volume: 50 mL,
amount of nickel: 5 pg, eluent: 6 mL of 2 mol L~ ! HCl solution, pH: 7.0, and sorbent:
600 mg, N=3).

resin was added in the range between 200 and 800 mg into the
adsorption column. The test solution, that has volume of 50 mL and
contains 5.0 ng of nickel, was passed through the column at optimum
conditions. The results showed that the optimum amount of sorbent
was found in the range from 500 to 800 mg for maximum extraction
of Ni (II) (Fig. 5). To attain the expected increase in the recovery
values with the amount of resin, the volume of the eluent should be
increased in the same ratio at the same time.

In the current study the amount of resin upon the 800 mg, because
of the eluent volume is held constant as 6 mL, and decrease in
recovery values was obtained. From these results, optimum amount of
resin was selected as 600 mg.

3.7. Influence of interfering species

The interference studies were performed using various possible
interfering ions on the retentions of the investigated analyte. For this
purpose, the influences of some cationic and anionic species were
investigated. In these experiments, 50 mL of solutions of which each
contains 5.0 pg of nickel and various amounts of possible interfering
ions were treated according to the preconcentration procedure. The
degree of interference effects were shown as the ratio of the recovery
in the presence of interfering ions to that in their absence. The results
were given in Table 2, and the recovery values showed that, in excess
0f 1000 mg L' of K*,Na™, Ca?*, Mg 2+, Cl~,Br~, 505" and 20 mg L~!
of Cu?™, Co?™, Zn?*, Cd?*, Pb?*, A>T, Fe*' and Cr** ions have no
significant interferences in the extraction and determination of nickel
in sample solutions. The tolerance limit is defined as the ion
concentration causing a relative error smaller than 4 5% related to
the preconcentration and determination of nickel.

Table 1
The effect of eluent types on the recovery of nickel (sample volume: 50 mL, amount of
nickel: 5 g, flow rate of sample: 2 mL min~ !, pH:7.0, and sorbent: 600 mg, N=3).

Eluent Recovery (%)*

2 mol L~ ' HCl, 4 mL 9241
2 mol L~ ' HCl, 6 mL 97 +2
2 mol L~ ' HCI, 10 mL 96+3
3 mol L~ ' HCI, 6 mL 9642
2 mol L~ ! HNO3, 4 mL 88+1
2 mol L~ ' HNOs, 6 mL 94+2
2 mol L~ ' HNO3, 6 mL (in ethanol) 9542
2 mol L~ ! HNO3, 10 mL 9542
3 mol L~ ! HNOs, 6 mL 96+2
6 mL ethanol 24+2
6 mL acetonitrile 2241
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Fig. 5. The effect of XAD-7 amount on the recovery of nickel (sample volume: 50 mL,
amount of nickel: 5 pg, eluent: 6 mL of 2 mol L~' HCl solution, flow rate of sample:
2.5mLmin~ !, and pH: 7.0, N=3).

3.8. Capacity of the resin

The capacity of Amberlite XAD-7 was determined for nickel ions by
batch method. 1 g of the resin was equilibrated with nickel ion and 50 mL
of PDANP solution containing 200 mg L™ ' Ni ions and 10~3 mol L™!
PDANP for 3 h at optimum pH value. The nickel ions were stripped from
the resin with 2 mol L™ ! HCl solutions and determined to FAAS. It was
investigated that the adsorption did not change significantly with contact
time after 90 min. By using these parameters, the capacity of the XAD-7
resin has been calculated as 7.2 mg g~ ' [23,24]. Different resins with
sorption capacities and enrichment factors were given in Table 3.

3.9. Analytical performance

For the present study, the optimized experimental parameters and
analytical performance of methods were given in Table 4. Under these
experimental conditions the analytical features of the proposed method
such as, linear range of calibration curve and limit of detection (LOD)
were also examined. By using direct aspiration without the preconcen-
tration step in FAAS applying the preconcentration system the linear
range for nickel determination was between 0.2 and 3 mg L™ !. The
calibration equation for nickel was found as A=0.0282 C+ 0.0064
(R*=0.9976). In this equation, A is absorbance corresponding to
concentration C (mg L™!) of Ni (II). The detection limit of this work
was calculated after application of the preconcentration procedure to
the 100 mL of blank solutions. The limit of detection (LOD) for nickel
based on three times the standard deviations of the blank (N=10) was
calculated as 0.44 ug L~ . The precision from seven repeated measure-
ments of 50 mL of 5ug L™ ! of nickel solutions is excellent with RSD
values of 2.8%. These values show that, the developed method is suitable
for determination of nickel in different samples. The resin on the column
can be used at least 250 times. The sufficiently good recoveries and low
relative standard deviations reflect the high accuracy and precision of
the proposed solid phase extraction.

Table 2

The effect of some ions on the recovery of nickel.
lon Concentration Recovery lon Concentration Recovery

(mgL~") (%) (mgL™") (%)

Kt 1000 98+3 Co?* 20 9642
Na*t 1000 100+ 2 Zn** 20 100+3
Cazas 1000 96 +2 Pb>+ 20 95+2
Mg?* 1000 94+3 APT 20 97+2
ca- 1000 9742 Fe3 " 20 96 +2
SO3~ 1000 98+2 crit 20 95+2
Cu?™ 20 101+£2 Cd>* 20 9442

¢ Mean =+ standard deviation for three repeated measures.

¢ Mean =+ standard deviation for three repeated measures.
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Table 3

Comparison of adsorption capacities and enrichment factors for nickel.
Solid phase Chelating agent LOD (ugL~1") Adsorption capacity Enrichment References

(mgg™ ") factor

Ambersorb 563 1-(2-pyridylazo) 2-naphtol 0.23 - 125 [25]
Cibacron Blue F3-GA - 28.73 26.12 63 [26]
Immobilized poly(HEMA)
(DVB)-ethylene glycol dimethacrylate Quinoline-8-ol 2 - 200 [27]
Amberlite XAD-2 o-Amino phenol 7.5 3.24 65 [28]
Activated carbon 4,6-dihydroxy-2-mercaptopyrimidine 35 0.54 260 [29]
Amberlyst 36 = 0.86 143 100 [30]
XAD-7 PDANP 0.44 7.2 125 Present work

3.10. Determination of nickel in real samples References

The validity of the proposed method was further proven by
analyzing spiked nickel samples. For this aim, nickel solutions with
the concentration between 2.0 ug L~ " and 4.0 pg L~ ! were spiked to
sample prepared by using 750 mL of water sample. After homogenizing
the samples and applying the procedure, nickel was determined by
direct calibration method. In calculations, analytical parameters derived
from standard studies given in the proposed method were used. Table 5
shows the experimental results of spiked nickel samples. The relative
standard deviations were less than 10%. Calculated recoveries for
waters were found between 100.0 and 103.5%.

4. Conclusion

A novel solid phase extraction method involving PDANP was
proposed for the determination of nickel content in different samples.
The reagent PDANP is a good reagent for nickel ion enrichment and it is
easy to be synthesized. The method has high tolerance limits for the
matrix ions. The proposed method has distinct advantages such as
simplicity, low cost, high precision and accuracy. The method developed
has been successfully employed for the determination of the analytes in
water samples.

Table 4
Analytical performance and optimum condition of the proposed method for
determination of nickel.

pH 7
Amount of ligand (mg) 1
Amount of resin (mg) 600
Eluent volume (2 mol L~ ! HCI) (mL) 6
Temperature Ambient
Elue flow rate (mL min~—') 4
Sample flow rate (mL min—') 25
Maximum sample volume (mL) 750
Enrichment factor 125
Linear range (mg L~ ") 0.2-4.0
Regression equation (mg L~ 1) A=0.0282 C+0.0064
Correlation coefficient (R?) 0.9976
Detection limit (ug L~ ") 044
Precision (R.S.D, N=7) (%) 2.8

Table 5
The determination of nickel in different samples (initial volume for water samples:
750 mL).

Sample Added Found?® Recovery, %
Mineral water = 29+04pgl! =
20pgL™! 49+05pgL! 100
City line = 7.8+06ugL~" =
40pgL~! 122+08pgL™! 1033
Commercial drink water - ND"
40pgL! 41+04pgL! 102.5

2 Meant- SD/+N with 95% confidence level (N=3).
> ND: non determined.
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