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In this study, cytogenetic effects of 99technetium (99Tc) on meristematic cells of root tips belonging to Vicia faba L. have
been investigated. Seeds of the plant were prepared and kept in 99Tc standard for different time periods: 1/12, 1/4, 1/2,
1, 2, 3, 4, 5, 6 and 12 h. Seeds treated with 99Tc were sprouted and the root tips obtained were prepared for microscopic
examination. Some abnormalities e.g. chromosome breaking, chromosome dispersion, bridge chromosomes, chromosome
adherence and ring chromosomes were observed. Abnormalities seen for each treatment depended on the time period.
The variety and number of abnormalities usually increased with increased treatment time. The results obtained were
evaluated statistically.
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Introduction
99Technetium (99Tc) is a fission product of uranium-235
and plutonium-239 and has been widely distributed in
the environment as a result of fall-out from nuclear
weapons testing and discharges from nuclear facilities
(Bishop et al. 2011). Technetium-99 released into soils
has the potential to contaminate food chains, although its
radiological effects are normally only considered to be
significant at very high activities (Gerber et al. 1989).
Plant uptake from aerobic soils is, in fact, so rapid that
there is significant potential for quantitative removal of
99Tc from soil by plants (Bennett and Willey 2003). In
anaerobic soils 99Tc occurs mostly as insoluble forms
(Ishii et al. 2004). Soil oxygen status is, therefore, vital
to predicting 99Tc behaviour in soils but other soil fac-
tors, in particular NO3

− concentration, also influence
soil-to-plant transfer of 99Tc (Krijger et al. 2000). Vari-
ous chemical substances used in the fields of medicine,
biology and agriculture can affect negatively growth of
plants beside their positive effects. İnceer and Beyazoğlu
(2000) have investigated cytogenetic effects of copper
chloride on root cells of Vicia hirsuta (L.) S.F. Gray and
they detected that this compound affects cell division
negatively and also leads to chromosomal abnormalities
(İnceer et al. 2003). Leonard et al. (1983) reported that
compounds with mercury affect spindle threads during
cell division in Vicia faba and Allium cepa. Pulhanil
et al. (2005) investigated the intake and distribution of
some radioactive elements by plants. Some investigations
into the effect of heavy metal pollution in plants demo-
strated that these elements can move to plants from soils

(Çelik et al. 2004). In this study, we aimed to examine
effects of 99Tc treatments in different time periods on
root tip cells of Vicia faba.

Material and methods

Seeds of Vicia faba were used in the study. 99mTc
standard at 1 mCi was prepared with 500 ml distilled
water. Seeds were kept in 99mTc standard 1/12, 1/4, 1/2,
1, 2, 3, 4, 5, 6, 12 h. Then, seeds were washed by dis-
tilled water and germinated in Petri dishes at 20–25°C.
After fixation of root tips, they were put in 70% ethyl
alcohol. Stock root tips were stained by the Feulgen
method (Darlington and La Cour 1976) and were made
ready for microscopic examination. Homologous areas
were chosen on these preparations for cytogenetic exam-
ination; the cells in these areas were counted and the
numbers of mitotic cells were also detected. Chromoso-
mal abnormalities were detected in the cells counted. The
preparations were photographed with a motorized Leica
DM 3000 microscope (Leica Microsystems, Wetzlar,
Germany). Pearson correlation coefficients were also
calculated. Chromosome abnormalities were coded as C1,
C2, C3, C4, C5, C6 and C7 (Table 2). Statistical analyses
were performed using MINITAB software package.

Results
99mTc standard treatment on the seeds at different time
periods increased mitotic cell division. Mitotic cell divi-
sion was observed the highest level at 1/2 h treatment.
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At 1, 2, 3, 4 and 5 h of treatment, mitotic cell division
was decreased. Mitotic division increased again at the
sixth hour of treatment and it was decreased again at the
12th hour of treatment. Mitotic cell division was
observed at high levels at all treatment times according
to the control group (Table 2, Figure 1). 99mTc caused
some chromosome abnormality on V. faba seeds such as
fish bones chromosome adherence, chromosome disper-
sions, chromosomal adherence, bridge chromosome,
chromosome breaking, chromosome shrinking, ring
chromosome at different stages of mitotic division were
detected. The most frequently observed abnormality
was chromosome dispersion. Chromosome dispersion,
chromosome adherence and bridge chromosome were
observed at all treatment times. Most chromosome dis-
persions were observed at 1/12, 1 and 6 h treatment
times. Fish bones chromosome adherence and chromo-
some breaking were seen at all treatment times except
4 h. The fish bones chromosome adherence abnormality
was determined at the highest level at 2 h. Chromosome
adherence was observed at the highest level at 1/2 and
4 h. Bridge chromosome was determined at a high level
at 1, 2, 6 and 12 h. Chromosome breaking was observed
at a high level at 1/12 h and this abnormality decreased
until 4 h. Ring chromosome was observed at 1, 2, 3 and
5 h. Chromosome shrinking was seen at all treatment

times except 1/12, 1/4 and 3 h (Table 1, Figures 2–4).
According to the statistical results, there is a considerable
positive relation between the treatment time and the
chromosome abnormality (%). In addition, it was found
that there were statistically important differences between
C2-C3 (r = 0,937, P = 0,029), C2-C5 (r = 0,987,
P = 0,006), C3-C4 (r = 0,871, p = 0,049) and C2-C7
(r = 0,823, P = 0,003) (Table 3).

Discussion

In this study, cytogenetic effects of 99technetium (99Tc)
on meristematic cells of root tips belonging to Vicia
faba L. have been investigated. We determined that
99technetium (99Tc) caused abnormalities such as fish
bones chromosome adherence, chromosome dispersions,
chromosomal adherence, bridge chromosomes, chromo-
some breaking, chromosome shrinking and ring chromo-
some. Copper chloride has similarly caused some
chromosomal abnormalities in root tip cells of Vicia
hirsuta (L.) Gray. The most frequently observed abnor-
malities were chromosome adherence and bridge
chromosomes (İnceer and Beyazoğlu 2000). In other
studies, it was determined that increase of the lead
(PbCl2) concentrations cause a decrease of mitotic
division and give rise to several mitotic abnormalities
such as c mitosis, lagging chromosomes, multipolar ana-
phases and chromosome bridges on root tip cells of Lens
culinaris Medik (Kıran and Şahin 2005). That was deter-
mined that the germination rates of Vicia faba seeds
which exposed to uranium tailings were not inhibited.
The growth of seedlings was considerably stimulated by
uranium tailings at low concentrations rather than at high
concentrations. The results revealed that nuclease
(RNAse) activity was stimulated at low uranium tailing
concentrations and inhibited at high concentrations. So,
the uranium tailings have complex effects on nuclease
activity (Yı et al. 2007). In another study the cytological

Figure 1. Chromosome abnormalities in the root tip cells of V. faba.

Table 2. The mitotic index of root tip cells of Vicia faba.

Time (h) Mitotic index ± SD Time (h) Mitotic index ± SD

1/12 26.03 ± 19.64 3 20.99 ± 16.26
¼ 22.00 ± 8.930 4 16.04 ± 12.25
½ 30.26 ± 24.10 5 13.75 ± 9.130
1 25.17 ± 19.82 6 20.30 ± 15.57
2 20.92 ± 10.86 12 16.41 ± 12.84

Control group 10.68 ± 1.650

Abbreviation: SD, standard deviation.
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effects of the insecticide Phosdrin (mevinphos) and the
herbicide Bladex on root tips of Tradescantia and Vicia
faba were observed and compared with those of the
chemical mutagen ethyl methane sulphonate (EMS).
Plants of Vicia faba were sprayed prior to floral initiation

and pollen mother cells were examined for chromosomal
abnormalities. Phosdrin and Bladex produced the same
kinds of chromosome abnormalities as EMS, namely,
fragments, bridges, multipolar anaphases and lagging
chromosomes (Ahmet and Grant 1972). It has been

Figure 2. Chromosome abnormality (A, B) fish Bones; (C) chromosome shrinking; (D, E, F) chromosome dispersion;
(G, H) chromosome breaking.
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shown that the frequency of mitotic cell division is
affected by uranium, depending on the treatment time
and that uranium led to chromosomal abnormalities in
Vicia faba cells (Özdemir et al. 2008). In Ukraine,

the Allium cepa test was used to estimate the impact on
plant chromosomes of nuclear pollution in the inhabited
zones (Kovalchuk et al. 1998). Strong, significant corre-
lations observed between 137Cs activity of soil samples

Figure 3. Chromosome abnormality; (I) chromosome breaking; (J, K, L) bridge chromosome; (M) ring chromosome;
(N, O, P) chromosome adherence.
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and the percentage of chromosomal abnormalities,
r=0.97 (p < 0.05) and with the mitotic index, r=−0.93
(p < 0.05), in the roots of A. cepa (Kovalchuk et al.
1998). Parween et al. (2011) studied the effect of
cadmium chloride in the pure germ line of broad bean
(Vicia faba L.) in relation to chromosomal abnormalities
and the rate of cell division. Seeds grown in the nutrient
medium for 48 h containing different concentrations of
cadmium chloride showed different genotoxic effects
such as polyploidy, multipolarity, chromosomal bridge
with fragments, lagging chromosome and micronuclei.
The relative division rate (RDR) decreased with increas-
ing cadmium concentration (Parween et al. 2011).
Radioactive elements can pass to plants through soil and
then can reach people (Kasianenko et al. 2005). Studies
of the role of uranium in soil and plants are inadequate
(Kasianenko et al. 2002). It has been reported that cop-
per, zinc, lead (Arambasic 1995) and chrome (Liu et al.
1992) cause a clastogenic effect in Allium cepa root tips.
Similarly, Leonard et al. (1983) reported that mercury
compounds affect spindle fibres at cell division in Vicia
faba and Allium cepa. It has also been shown that mer-
cury compounds can block DNA replication (De Flora
et al. 1994) and chrome compounds can cause broken
chromatid (Klasterska et al. 1976). Mercury can inhibit
protein synthesis and cause mitotic lagging (Nandi
1985). According to the statistical results presented here,
there is a considerable positive relation between the
treatment time and the chromosome abnormality (%). In
addition, it was found that there were statistically impor-
tant differences between C2-C3, C3-C4, C2-C5 and
C2-C7 at levels of 0.01 P and 0.05 P (Table 3). In this
study, we tried to determine the cytogenetic effect of
99technetium (99Tc), arising from radioactivity, on the
root tip cells of Vicia faba L.
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