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ABSTRACT 
The increase of metal concentration in water bodies by mining effluents has caused a great 
environmental and ecological concern. In this paper the Allium cepa L. bio-test was used to assess the 
toxicological tendency of some riverside water samples taken in Nen-Shkodra lowland (North-West 
Albania) and to evaluate the cyto/genotoxicological potency of chromium (VI), experimentally added 
to analyzed natural waters. The Cr(VI) toxic effective concentration (EC50) per each sample was 
assessed by using K2Cr2O7 salt and a preliminary root growth inhibition test for 96 h, and then the 
onion roots were grown for 48 h in river samples mixed with three doses, representing the 
corresponding ¼ EC50, ½ EC50 and EC50 Cr(VI) concentrations. There were evaluated some 
microscopic endpoints of onion roots grown in natural and experimental samples : mitotic and phase 
indexes, interphase nuclear volume, DNA content, micronuclei formations and chromosomal 
aberration rate and types. There was noted a certain difference of cytogenetic endpoints between two 
groups of natural samples, demonstrating a possible amelioration of river water quality down 
streaming Nen-Shkodra lowland into sea. The results showed obvious Cr(VI) concentration-
dependence : cyto/genotoxicological effects on root cells came increasing with addition of chromium 
salt. Cr(VI) EC50 doped samples caused a reduction in the mitotic and metaphase indexes, interphase 
nuclear volume and DNA content of 48-56%, 53-66%, 34-41% and 28-37%, respectively, and a 
considerable increase in micronuclei and chromosomal aberrations frequencies. Stickiness, c-mitosis, 
bridges, fragments and laggard chromosomes were mostly detected. Being a sensitive, short-term and 
low cost alternative, the Allium test and in general the bioassays should be an integral tool in quality 
monitoring of water bodies, soil and air, especially in developing countries as Albania.  

Key Words : Albania, Mining effluents, Water pollution, Allium cepa L. bio-test, 
Cytotoxicity, Genotoxicity, Cr(VI) 

 
INTRODUCTION 

Chromium (Cr) is one of the most abundant 
element and metal in the Earth's crust and it is 
found in all phases of the environment, including 
air, soil, surface and ground water. This metal is 
mainly mined in the former Soviet Union, 
Albania (North and North-East) and Africa. Cr is 
unique among the heavy metals because it 
naturally occurs in several oxidation states, 
ranging from Cr2+ to Cr6+, with trivalent and 
hexavalent states being the most stable and 
common in the environment.1-3  
Chromium is considered both an essential 
nutrient and a health hazard for organisms, 

especially known as a human carcinogen. Toxic 
effects of Cr in biota have been widely 
reported.1,4-6 Plants do not possess specific 
mechanisms for Cr(VI) uptake and transport, so 
it is considered the highest mobile and toxic form 
of Cr. The toxicity of Cr(VI) compounds is most 
probably based on an oxidative DNA 
impairment.1,3-5 
Due to its enormous industrial use (electro-
plateing, dyes and pigments, textiles, photog-
raphy, and wood processing), the increase of Cr 
amount in aquatic and terrestrial ecosystems in 
the last few decades is getting a serious global 
concern. Targeted chemical ana-lyses cannot 
normally control the quantity and effects             
of  metals  released  into  the  environment   from *Author for correspondence 
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natural processes, as erosion and flooding, and 
human activities, as metal mining, metallurgical 
and chemical industries, transport emissions and 
agricultural practices. Mining has long been 
considered one of the most environmentally and 
ecologically degrading enterprises.7 Besides the 
direct impact on the landscape, mining and 
related industries produce large volumes of 
inorganic effluent, which have been associated 
with various levels of environmental impact and 
degradation even far away from mine sites. Over 
the last few years, the use of bio-assays, alone or 
in combination with chemical analysis has 
continually increased, both at organism (toxicity) 
and molecular (genotoxicity) levels.8-10 In this 
context plants have shown to be valid, because 
chemicals which cause chromosome 
abnormalities in plant cells also produce such 
abnormalities in cultured animal cells and most 
frequently the aberrations are identical. By their 
ability to bio-accumulate toxic substances, plants 
can indicate metal presence in the environment 
even in very low concentration. Roots have 
direct contact with the metals and it is known 
that in most cases, this organ acts like a barrier 
against metal translocation, which might justify 
why the higher level of DNA damage observed 
is in roots.1 A. cepa L. (2n=16) is a widely used 
bio-test, due to the fast roots growth and the 
reaction of genetic material to hazardous 
substances present in natural and drinking 
waters, different industrial effluents and 
experimental solutions.7,11-13 The Allium test has 
been successfully applied to evaluate the quality 
of waters by screening different endpoints, such 
as: growth inhibition, nutrition uptake and 
genotoxicity. The great sensitivity of the Allium 
roots was considered to be due probably to the 
great total length of the diploid complement and 
the high number of metacentric chromosomes of 
onion cells. 
The Allium test has been recently introduced in 
Albania to screen the chemical water quality of 
Shkodra region (North-West Albania).14-17 
Shkodra region is distinguished for a unique and 
complicated water system, hydrologically and 
ecologically interdependent, which includes: 
Shkodra lake (a transboundary lake with 
Montenegro), Buna and Drini rivers and many 
streams. NenShkodra lowland is part of Shkodra 
region, located between Shkodra city and 

Adriatic sea. It is percolated by Buna and Drini 
rivers, which confluent and flow into Adriatic 
sea. Reports of recent chemical analyzes have 
shown significant increase of heavy metals and 
other pollutants concentration in Drini and Buna 
water bodies and sediments.18  

AIMS AND OBJECTIVES 
In this paper the Allium cepa L. test was used to 
evaluate the toxicological tendency of some 
riverside water samples collected in Nen-
Shkodra lowland and to assess the cyto/genoto-
xicological potency of chromium (VI) 
experimentally added in analyzed natural waters. 

MATERIAL  AND  METHODS 
Study area  
The study area of this research was NenShkodra 
lowland (42˚4’N, 19˚22’W). The hydrological 
network of this important agricultural area is 
particularly rich because of the climate 
conditions and water flow, getting it potentially 
affected by flooding. Buna river flows out from 
Shkodra lake, traversing all the lowland with 
slow effluence due to the small declivity. 
Meanwhile Drini river comes down from North-
East Albania, a craggy mountainous and erosion 
suffering region, where are situated most part of 
chromium, iron and nickel mines (Fig. 1). 
Sampling collection 
Sampling was done during April-May 2012. 
Surface water samples were collected from Drini 
and Buna rivers : (1) Bahcellek (Drini river), the 
nearest point to Shkodra city; (2) Zues (union 
point of Drini and Buna rivers), (3) Oblike (4) 
Dajc and (5) Pentar (located down streaming 
Buna river along Nen-Shkodra lowland 
agricultural area); (6) Mouth of Buna river to 
Adriatic sea (Fig. 1). Normal drinking water 
taken from the main Shkodra city’s water supply 
was used as control sample.16 
Preliminary range of toxic Cr concentrations 
finding and test samples preparation 
The Cr(VI) EC50 concentrations (effective 
concentration of different chemicals and 
mixtures, permitting 50% growth of the sample 
under study in relation to control) for tap water 
and all natural samples were assessed by using 
K2Cr2O7 salt and a preliminary root growth 
inhibition test for 96 h. Concentrations between 
the   highest   concentration   that   inhibited   root  
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growth and the lowest concentration that rarely 
inhibited  the  root  growth  were  assessed.  As  a 
result, seven definitive concentrations of 
K2Cr2O7 salt such as : 0.2, 2, 5, 10, 12.5, 15, 17.5 
mg/L, were chosen to evaluate EC50 
concentration. A set of 1000 mg/L K2Cr2O7 
standard solutions was prepared in the 
laboratory. To obtain the test solutions loaded 
with metallic ion, drinking and river water from 
the sampling sites were mixed with the standard 
solution, diluted in seven treatment 
concentrations (ranging from 0.2 to 17.5 mg/L). 
EC50 concentrations were statistically evaluated 
by plotting on graphs mean root length values as 
percentage to control against seven treatment 
concentrations after four days of root growth. 
The trendline equations with the biggest R2 value 
were chosen for this evaluation. After that 
drinking and river water were mixed again with 
the standard solution, diluted in 1/4 EC50, 1/2 
EC50 and EC50 concentrations. 
Biological material and test procedure 
Equal-sized bulbs (3-4 g) of common onion (A. 
cepa L.), untreated with plant growth regulators, 

were obtained from local farms. The yellow-
brownish outer scales have been removed 
carefully, leaving the ring of root primordia 
intact. The bulbs were grown and observed for 
four days in the laboratory. All experiments for 
cyto/genotoxicity test were set up in a completely 
randomized design with twelve test tubes and 
three replicates per sample. Each series has been 
filled with unloaded and 1/4 EC50, 1/2 EC50 and 
EC50 loaded samples. On top of each test tube 
one onion bulb has been put with the root 
primordia downward in the liquid. The test 
procedure was performed in room temperature 
(at about +20°C), with a natural light-dark 
regime and protected from direct sun light.  
Determination of cyto/genotoxicity endpoints 
The cyto/genotoxicity of Cr(VI) and the toxic 
tendency of natural samples were assessed by 
measuring some microscopic endpoints in root 
tip meristematic cells, such as : mitotic and phase 
indexes (MI and PI), interphase nuclear volume 
(INV), nuclear DNA content (NDNA), 
micronuclei formations (MN) and chromosome 
aberration (CA) rates and types. 

 
Fig. 1: Map of water sampling points across the Nen-Shkodra lowland and  

chromium mine sites in North Albania 

The microscopic investigations were done under 
an optic microscope Leitz-Diaplan using a 500x 
oil-immersion lens. Meristematic cells were 
defined as those with a nucleus bigger than a 
third of the cell diameter. Microscopy slides were 
prepared after two days (48 h) of treatment.        
Root tips (10 mm) taken from 5 bulbs randomly 
chosen in each series, were placed on slides and 
the terminal root tips (1-2 mm) were cut off and 

used for further preparation. Slides were 
prepared in accordance with the standard 
procedure for Feulgen staining of squashed 
material : fixation in a mixture of 3 parts ethanol 
95%  and  1  part  acetic  acid  45% for 20 min. at 
room temperature (v/v), hydrolysis in 1N HCl for 
7 min. at 60°C, followed by staining in Feulgen 
solution and squashing in a drop of 45% glacial 
acetic acid, were done. Slides were made 
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permanent, mounted in Canada balsam and 
examined. The total Number of Dividing Cells 
(NDC) was determined in 1000 observed cells in 
the field of view per each slide, than mitotic 
index was scored as percent ratio of NDC per 
1000 cells. Phase index values of prophase, 
metaphase and ana/telophase stages have been 
scored as percentage to NDC. For the study of 
INV, it was obtained the mean of two diameters 
of each selected stained nucleus, observed at 
right angles to each-other and measured under 
oil-immersion objectives. INV was evaluated 
using the formula 4/3πr3, where r is the radius of 
the nuclei. The nuclear DNA content was 
estimated by cytophotometric measurement of 
2C telophase nuclei, using a microsp-
ectrophotometer at a wavelength of 550 nm. The 
Feulgen stained root-tips were washed in three 
changes of SO2 water for 10 min. each and dried 
briefly on absorbent paper. Darkly stained ones 
were squashed in a drop of 45% glacial acetic 
acid. 100 2C telophase nuclei were measured in 
each slide. The formation of micronuclei (MN) 
was examined in about 1000 cells per slide and 
their frequency was scored as percent ratio. Only 
cells with intact cellular and nuclear membranes 
were taken in account, following the criteria : 
micronuclei should be one-tenth and one-third 
diameter of the main nucleus, have the same 
color/texture and distinctly separated from it. 
Means of MI, PI, INV, DNAC and MN values of 
5 slides per sample have been calculated. 1500 
dividing cells (300 cells per each of 5 slides per 
sample) have been observed for the 
characterization and classification of 
Chromosome Aberrations (CA). The frequencies 
of aberrant cells and CA types were expressed as 
percent ratio.  Mitotic index and frequencies of 
aberrant cells have been estimated in onion roots 
exposed to unloaded and 1/4 EC50, 1/2 EC50 and 
EC50 Cr(VI) loaded samples, while PI, INV, 
NDNA, MN and CA type endpoints only at 
unloaded and EC50 loaded ones.  
Statistical analysis  
Analysis of Variance (ANOVA) and post-hoc 
Student Newman-Keuls (SNK) tests were used 
to test for significant differences in mitotic and 
phase indexes, interphase nuclear volume, 
nuclear DNA content and micronuclei frequency 
of A. cepa roots exposed to three Cr 
concentrations,  while  Mann–Whitney U test for  

significant differences in chromosomal 
aberration frequencies. All the results were 
expressed as the mean of three replicates per 
Sample ± Standard Deviation (SD). Differences 
from corresponding control were considered 
statistically significant at 5%. 

RESULTS  AND  DISCUSSION 
Estimation of Cr(VI) EC50 concentration 
Mean length values of A. cepa roots, exposed to 
unloaded and loaded samples with preliminary 
seven K2Cr2O7 concentrations for 96 h, were 
plotted on graphs as percentage to tap water 
control (Fig. 2).Cr(VI) EC50 values were 
statistically evaluated by polynomial equations 
(order 3), which had the highest R2. Depending 
on this phytotoxic parameter, the samples range 
resulted : Zues (68.8x10-1 mg/L) < Bahçellek 
(81.2x10-1mg/L) < Dajç (83.4x10-1mg/L) < Delta 
(87.6x10-1mg/L) < Oblike (91.6x10-1mg/L) < 
Pentar (93.6x10-1mg/L) < control (104.2x10-1 
mg/L). After that, there were established the 
corresponding 1/4 EC50, 1/2 EC50 and EC50 
Cr(VI) loaded samples. 
Cyto/genotoxicological effects analyzis 
Data of Mitotic Index endpoint (MI) were 
presented in Table 1. Concerning river samples, 
only MI value of A. cepa root meristematic cells 
exposed to Zues sample resulted significantly 
different from control (P<0.05, using One-Way 
ANOVA test). The samples range for MI values 
of root cells grown both at unloaded and respect-
tive 1/4 EC50, 1/2 EC50 and EC50 Cr(VI) loaded 
samples, resulted decreasingly : control > Oblike 
> Pentar > Delta > Bahçellek > Dajç > Zues. As 
shown in Table 1, there was obvious dose-
dependent mitotic activity of root cells : The 
detected inhibition came increasing with addition 
of chromium salt in all water samples (p<0.05, 
using post-hoc SNK test). The reduction of 
mitotic index (MI) at 1/4 EC50 and 1/2 EC50 
concentration resulted 12-29% and 22-35%, 
respectively. Moreover the respective MI values 
of root cells exposed to all EC50 loaded natural 
samples resulted lower than 50%, with a 
reduction of 51-58% compared to control. Based 
on these results, it may be noted that all natural 
samples caused a more similar mitotic activity of 
root tips to control with the Cr(VI) salt 
concentration increase. 
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Co-control, 1-6 - natural samples: 1-Bahçellek, 2-Zues, 3-Oblike, 4-Dajç, 5-Pentar and 6-
Delta, MRL-mean root length 

Fig. 2 : Length percentage to control of Allium cepa L. roots as a function of metal concentrations 
after 96 h treatment application to assess the EC50 value of each sample 

Table 1 : Mitotic index and frequency of abnormal cells with chromosomal aberrations of 
Allium cepa L. root meristem exposed to unloaded and 1/4 EC50, 1/2 EC50 and EC50 Cr(VI) 

loaded samples after 48 h treatment application  

Samples K2Cr2O7 
cc (mg/L) MI ± SD (%) MI % to 

control 
Abnormal cells ± 

SD (%) 

Control 

0 14.6±0.39a 100 2.9±0.26 
1/4 EC50 12.9±0.42a 88 4.5±0.26* 
1/2 EC50 11.4±0.33b 78 9.4±0.26** 

EC50 7.6 ±0.27c 52 13.1±0.21** 

Bahçellek 

0 11.7±0.43a 80 8.2±0.33* 
1/4 EC50 11.2±0.38a 77 8.7±0.26* 
1/2 EC50 10.2±0.35b 70 12.5±0.26** 

EC50 6.86±0.21c 46 14.9±0.19** 

Zues 

0 10.8±0.25a 74 7.8±0.24* 
1/4 EC50 10.4±0.29a 71 8.0±0.26* 
1/2 EC50 9.1±0.19b 65 11.7±0.26** 

EC50 6.2±0.23c 42 14.4±0.18** 

Oblike 

0 12.6±0.32a 86 3.5±0.37 
1/4 EC50 12.1±0.29a 83 5.9±0.26* 
1/2 EC50 11.0±0.25b 76 9.3±0.26** 

EC50 7.2±0.17c 49 13.8±0.22** 

Dajç 

0 11.2±0.35a 77 7.2±0.31* 
1/4 EC50 10.7±0.27a 73 7.6±0.26* 
1/2 EC50 9.6±0.32b 66 11.3±0.26** 

EC50 6.6±0.22c 45 14.1±0.36** 

Pentar 

0 12.1±0.33 83 3.2±0.24 
1/4 EC50 11.4±0.38b 81 6.1±0.26* 
1/2 EC50 10.9±0.26c 75 9.8±0.26** 

EC50 7.15±0.18d 49 13.4±0.21** 

Delta 

0 11.95±0.48 82 3.4±0.22 
1/4 EC50 11.7±0.27b 80 6.7±0.26* 
1/2 EC50 10.5±0.29c 72 10.1±0.26** 

EC50 7.0±0.21d 48 13.7±0.17** 
Means labeled with different superscript letters along the column are significantly different (p<0.05) in the SNK test, 
while means with asterisks are significantly different from control: *p<0.05, **p<0.001 according to Mann–Whitney 
test; EC50-salt concentration permitting 50% root growth; MI-mitotic index; SD-standard deviation 
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As shown in Table 2 and illustrated in Fig. 3, PI 
characterization of A. cepa cells exposed to all 
unloaded samples did not demonstrate 
irregularities in dividing cell cycles. Meanwhile 
loaded samples at EC50 Cr(VI) concentration 

caused significant changes in all mitotic phases 
compared to corresponding unloaded ones 
(P<0.01, using ANOVA test). It was noted 
remarcable decrease of metaphase (53-66%) and 
increase of prophase (137-141%) rates.  

Table 2 : Phase index, interphase nuclear volume, DNA content and micronuclei frequency 
of Allium cepa L. root meristematic cells exposed to unloaded and Cr(VI) EC50 loaded 

samples after 48 h treatment application 

Samples 
K2Cr2O7 

cc 
(mg/L) 

PI (%) INV 
± SD 
(μm3) 

NDNA 
± SD 
(pg) 

MN  
± 

SD(%) Prophase Metaphase Ana/Telophase 

Control 
0 38.18 40.29 21.53 529.24 

± 0.41 
90.81± 

1.48 
0.28± 
0.11 

EC50 52.23* 17.98* 29.79* 320.13 
± 0.85* 

65.45± 
0.41* 

0.62± 
0.42* 

Bahçellek 
0 40.05 39.77 20.18 512.21 

± 0.44 
94.46± 

0.81 
0.38± 
0.02 

EC50 53.31* 16.68* 30.01* 317.25 
± 0.66* 

60.08± 
0.55* 

0.65± 
0.49* 

Zues 
0 39.75 40.27 19.98 509.11 

± 0.57 
88.31± 

0.79 
0.35± 
0.17 

EC50 54.04* 16.81* 29.15* 300.91 
± 0.55* 

57.89± 
0.16* 

0.61± 
0.34* 

Oblike 
0 39.14 40.55 20.31 516.81 

± 0.49 
87.16± 

0.77 
0.24± 
0.13 

EC50 50.87* 18.39* 30.74* 329.15 
± 0.29* 

64.96± 
0.31* 

0.64± 
0.27* 

Dajç 
0 39.22 41.17 19.61 518.16 

± 0.36 
97.22± 

0.43 
0.32± 
0.08 

EC50 53.97* 16.94* 29.09* 303.14 
± 0.59* 

65.15± 
0.71* 

0.59± 
0.21* 

Pentar 
0 37.78 41.12 21.10 505.44 

± 0.33 
96.23± 

1.12 
0.34± 
0.18 

EC50 52.34* 17.25* 30.41* 332.23 
± 0.65* 

62.13± 
0.54* 

0.67± 
0.14* 

Delta 
0 38.15 40.39 21.46 537.02 

± 0.38 
81.39± 

0.86 
0.26± 
0.15 

EC50 53.07* 17.19* 29.74* 318.78 
± 0.90* 

59.11± 
1.29* 

0.69± 
0.26* 

Means labeled with asterisks are significantly different from control: * P<0.01 according to One-Way ANOVA test; PI-
phase index; INV-interphase nuclear volume NDNA-nuclear DNA    content   MN - micronuclei   EC50 - salt concent-
rateion permitting 50% root growth; SD-standard deviation 

The evaluation of inter-phase nuclear volume 
(INV) and DNA content showed a significant 
reduction (P<0.01) of nuclei size (34-41%) and 
DNA weight (28-37%) in onion root cells 
exposed to all EC50 loaded samples compared to 
control. In addition, there was observed a 
significant increse (P<0.01) of MN frequency in  

interphase cells grown in all EC50 Cr(VI) loaded 
samples in relation to control (of about 165-
265%). It was noted a relatively high MN 
frequency (not significant) of root cells grown in 
unloaded samples of Bahçellek and Zues (Table 
2). Characterization of chromosome aberrations 
detected in root meristematic cells showed an 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development                     Vol. 7 No. 4, April-June 2013 

1328 
 

obvious dose-effect relationship between the 
abnormal cells frequency and potassium 
dichromate salt concentration. Ranging of both 
unloaded and loaded samples was increasingly: 
control < Pentar < Delta < Oblike < Dajç < Zues 

< Bahçellek. The frequency of abnormal cells 
with chromosome aberrations was significantly 
different to control (p<0.05, using Mann–
Whitney test) only in unloaded Bahçellek, Zues 
and Dajç samples,while the corresponding

 
Fig. 3: Comparison of Mitotic and Phase Index (MI and PI) values in Allium cepa L.  

root cells exposed to unloaded and EC50 Cr(VI) loaded (permitting 50%  
root growth) samples after 48 h treatment application 

ones of all 1/2 EC50 and EC50 loaded samples 
resulted really high (significant at p<0.001), 
being increased at about 3-4 and 4-5 fold of 
control value, respectively (Table 1). The most 
frequent CA types observed were : stickiness, 
bridges, fragments, laggard chromosomes and c-
mitosis (Table 3). Sporadic chromosomal loops 
and abnormally uncoiling in telophase were 
observed, too. It may be noted the highly 
significant increase of stickiness CA type in all 
EC50 loaded samples compared to unloaded ones 
(p<0.001). 
An essential part of quality management of water 
bodies is the early warning detection of 
pollutants presence. Buna and Drini rivers, joined 
in Zues and traversing whole Nen-Shkodra 
lowland, are a potential outflow between 
Shkodra Lake basin and Adriatic Sea. These 
water bodies collect wastes from municipal, 
agricultural and touristic activities, and different 
industrial effluents. In general the water bodies 
of Nen-Shkodra lowland suffer improper 
disposal practices and uncontrolled discharge of 
waste effluents. Even the significant increase of 
pollutants observed during the last years, the 

chemical analysis of rivers water and sediment 
have detected that the total quantity of heavy 
metals were lower than EU admissible limit 
standards for natural waters.19 Anyway, the 
highest water and sediment concentration of 
heavy metals have resulted in Bahçellek (Drini 
river) and in Zues (the confluence site of Drini 
and Buna rivers). During the last decade the 
activity of mines and chemical industry have 
been minimized in Albania. Closed to the 
analyzed water bodies there is not present any 
rather problematic industrial effluents source, 
except the residues of chromium, iron and nickel 
mines down streaming Drini river (Fig. 1). They 
discharge large quantities of metal compounds in 
liquid, solid and gaseous wastes into the 
environment and can ultimately have significant 
adverse effects in the function of ecosystem food 
chains in general and the economic sectors, such 
as agriculture and fisheries. The analyzed water 
bodies are used as irrigation sources and in many 
cases as drinking and house hold waters, so the 
chemical water quality assessment of this area 
has critical importance for respective population 
health, as well. 
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Table 3 : Frequency of abnormal cells and chromosome aberration types of Allium cepa L. 
root cells exposed to unloaded and EC50 Cr(VI) loaded samples after 48 h application  

Samples 
K2Cr2O7 

cc 
(mg/L) 

Abnormal 
cells (%) 

CA types (%) 

cM Br Fr Stk Lg 

Control 0 2.9 0.1 1.4 1.0 0.4 0.0 
EC50 13.1** 0.8 3.7 2.6 5.4 0.6 

Bahçellek 0 8.2* 0.7 3.1 2.5 1.8 0.3 
EC50 14.9** 1.7 4.2 1.9 6.3 0.8 

Zues 0 7.8* 0.6 2.8 2.6 1.4 0.4 
EC50 14.4** 1.2 4.1 2.1 5.9 1.1 

Oblike 0 3.5 0.3 1.1 1.2 0.9 0.0 
EC50 13.8** 1.1 3.1 3.1 5.7 0.8 

Dajç 0 7.2* 0.4 3.1 1.9 1.3 0.5 
EC50 14.1** 1.3 3.8 2.0 6.1 0.9 

Pentar 0 3.2 0.1 1.6 0.8 0.7 0.0 
EC50 13.4** 0.9 3.8 2.7 5.5 0.5 

Delta 0 3.4 0.0 1.2 1.4 0.8 0.0 
EC50 13.7** 0.5 4.1 3.1 5.3 0.7 

Means labeled with asterisks are significantly different from control: *p<0.05, 
**p<0.001 according to Mann–Whitney test; CA – chromosome aberration, cM-c-
mitosis; Br-bridges; Fr-fragments; Stk-stickiness; Lg-laggard chromosomes 

The present study provided for the first time data 
about the cyto/genotoxicity of Cr(VI) 
experimentally added in some river water 
samples of Nen-Shkodra lowland by using a 
plant bio-test. The biological (cytological and 
genetic) effects in A. cepa roots appeared related 
to the physical and chemical characteristics of 
respective natural water bodies, being compatible 
with above mentioned chemical analyses. The 
results demonstrated a certain difference of 
corresponding mitotic index values and 
frequency of aberrant cells between two groups 
of unloaded natural samples. Bahçellek, Zues 
and Dajç resulted the most polluted and toxic 
samples. Despite the possible impact of 
agricultural practices and 2010-2011 massive 
flooding in Nen-Shkodra lowland, Oblike, Pentar 
and Delta samples showed in general a good 
water quality, while the toxicity of Dajç sample 
resulted somewhat lower, compared to a recent 
study.16  
A certain positive correlation between the 
inhibition of mitotic activity and chromosomal 
aberrations was observed : unloaded samples that 
did not induce any obvious citotoxic effects 
(Oblike, Pentar and Delta), did not produce 
significant genotoxic effects, too. Instead 
significant genotoxic potency was revealed in 

unloaded samples of Bahçellek, Zues and Dajç, 
which showed the lowest MI values. Concerning 
the second group of samples, cytotoxicity was 
not strictly correlated to genotoxicity in the case 
of Bahçellek (the nearest point to Shkodra city). 
The relatively higher mitotic activity of root cells 
grown in this sample compared to Zues and 
Dajç, might be due to temporary stimulatory 
effects of nitrate, nitrite, ammonium and 
phosphate on the proliferation of A. cepa root-tip 
cells, because of the discharge in this water body 
of abundant municipal and touristic activity 
effluents. The high cyto/genotoxic effects caused 
by Zues sample may be due to the interfering of 
pollutants in water bodies of Buna river (flowing 
out from Shkodra Lake) and Drini river. The 
toxic effects of contaminants present in the water 
and sediment of Shkodra Lake have been 
detected by using different bio-tests.20,21 A 
certain amelioration of river water quality from 
Bahçellek (the first sampling site) to Mouth (the 
last one) detected in this study, screened by 
physical-chemical and microbiological 
analyzes18, as well, might be a consequence of a 
self-regeneration of Buna river down streaming 
Nen-Shkodra lowland. 
Concerning cyto/genotoxic potency of Cr(VI), 
metal doped drinking water showed a strong 
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phytotoxic effect, affecting A. cepa at the 
concentration 10.42 mg/L (EC50 of K2Cr2O7 salt). 
The mitotic index is considered to reliably 
identify the presence of cytotoxic pollutants in 
the environment.11 Reduction of 50% is 
considered a threshold value for mitotic index : A 
decrease of MI below 50% inducts sublethal 
effect, while below 22% of control causes lethal 
effect on test organism. Reduction in cell 
division due to chromium is a well-documented 
effect in many plants1, assuming that root growth 
inhibition and impaired penetration of roots into 
the soil due to Cr toxicity could be due to 
inhibition of root cell division/root elongation or 
to the extension of cell cycle. Glińska et al. 
suggested that the decreased mitotic index in A. 
cepa roots treated with metal is probably due to 
either disturbances in the cell cycle or chromatin 
dysfunction induced by metal–DNA interactions. 
The results of this investigation showed a 
significant reduction increase of mitotic index in 
onion root meristematic cells with the addition of 
Cr(V) salt. Moreover all EC50 loaded natural 
samples caused sublethal effect in onion roots. 
Significant changes in all mitotic phases of 
dividing cells caused by EC50 loaded samples, 
indicated remarcable irregularities in root cell 
cycles.  The  results  demonstrated  an  obvious 
obstruction of metaphase stage, and probably an 
inhibition of mitosis or extension of cell cycles. 
This may attributed to the blocking of cell 
division by Cr(VI) at the end of the prophase. In 
this case, this metal may be considered as pre-
metaphase inhibitor. Mitodepressive action of 
Cr(VI) on the cell division may be the reason of 
MI reduction in A. cepa roots. Recorded nuclear 
volume and DNA content reduction of onion 
cells exposed to Cr(VI) EC50 loaded samples 
may be attributed to this mitodepressive action, 
as well. The reduction could be due to blocking 
the G1 stage and suppressing DNA synthesis or 
inhibition of DNA synthesis at the S stage.Toxic 
effects of heavy metals, mainly during chronic 
exposure, are not visible immediately hence eco-
toxicological studies request also assessment of 
genotoxicity. Genotoxicological effect is 
developed then the concentration is low order 
than that for fytotoxicity effect.8 As a potent 
oxidant, the ability of Cr(VI) to induce oxidative 
stress and the formation of stable Cr-DNA 
adducts contribute to its cytotoxic and genotoxic 

effects. Chromium salts easily penetrate the cell 
membrane and are reduced inside the cell to their 
trivalent form, which unlike other metals react 
directly with DNA, causing DNA damage 
including : base modification, single-strand 
breaks,  double-strand breaks, Cr-DNA adducts, 
DNA-Cr-DNA adducts and protein-Cr-DNA 
adducts.4 By this, while other metals are 
considered weakly mutagenic, mostly acting 
through the inhibition of DNA repair machinery, 
Cr acts directly on DNA causing genotoxicity.1 
The present investigation showed a significant 
increase of the frequency of abnormal cells with 
chromosomal aberrations in A. cepa root 
meristematic cells with the addition of Cr(VI) 
salt. 1/2 EC50 and EC50 loaded samples could 
strongly induce genotoxicological effect, leading 
to physiological (c-mitosis, laggard and sticky 
chromosomes) and clastogenic (bridges and 
fragments) aberrations. The most frequent 
detected CA types were due to chromatin 
dysfunction (stickiness, bridges and fragments) 
or spindle failure (c-mitosis and laggard 
chromosomes). Chromosome bridges result from 
chromosome and/or chromatid breakage and 
fusion, whereas laggard chromosomes from 
weak c-mitosis, increasing the risk for 
aneuploidy.11 Stickiness is considered a common 
sign of highly toxic effects on chromosomes, an 
irreversible type, probably leading to cell death. 
Micronuclei formation (MN) is considered an 
important cytogenetic endpoint of observed 
toxicity by indicating the level of accumulated 
genetic damage during the cells cycle. MN often 
results from the acentric fragments or laggard 
chromosomes that fail to incorporate into          
the  daughter  nuclei  during  telophase  stage  of 
dividing cells and can cause cellular death due to 
the deletion of primary genes.22 Many studies 
have suggested MN-induced effect of metals and 
other pollutants in different biological   
systems.22-25 The present study showed that 
Cr(V) significantly induced the formation of MN 
in A. cepa root cells exposed to all EC50 loaded 
samples, being compatible with its ability to react 
directly with DNA and to cause clastogenic and 
physiological aberrations in chromosomes. The 
low cost and method standardization in 
controlled laboratory conditions, not requiring 
any previous extraction or isolation procedure of 
the Allium bio-test, are the reasons of its 
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recommendation by international environmental 
protection agencies for toxicity screening 
assessment, especially in developing countries. 
Unlike the physical/chemical and sapro-
biological analysis, the morphological and 
cytogenetical assays using plants and other 
organisms as test systems are currently not an 
integral part of the water quality monitoring 
program conducted by our National Water 
Council (the legal entity for water administration 
in Albania).  

CONCLUSION 
The present study provided additional and 
valuable information about the toxic effects of 
chromium (VI) by evaluating cytological and 
genetic endpoints on A. cepa roots, grown in 
some water samples taken in Buna and Drini 
rivers, experimentally enriched with K2Cr2O7 
salt. A. cepa test demonstrated different 
sensitivities, showing some kind of correlation to 
rivers water quality. From a methodological 
viewpoint, the measured genotoxicological 
endpoint in onion root cells exposed to natural 
waters was more responsive than its cytological 
counterpart (mitotic index). The results should be 
considered a warning of risk the environment, 
biota and human health (mutagenic and 
clastogenic impact) may incur by natural and 
anthropogenic chromium discharge in water 
bodies. This study showed the necessity of 
combining physical-chemical and sapro-
biological analysis with cytogenetic approaches, 
to better understand the toxicity of water 
chemical pollutants and their influence on health. 
Being a simple, short-term and low cost 
alternative, the Allium test and in general the 
bioassays should be an integral tool in quality 
monitoring of water bodies, soil and air, 
especially in developing countries as Albania. 
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We have to shift our emphasis from economic efficiency and 
materialism towards a sustainable quality of life and to healing of 
our society, of our people and our ecological systems. 

Janet Holmes 

 

             Environment is God's gift, preserve it 


