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Plants comprise a large portion of our biosphere and constitute a vital link 
in the food chain. Due to the highly conserved structure of the genetic 
material, it is possible to use a broad variety of species in genotoxicity tests. 
In this present study an attempt to analysis the physico-chemical 
parameters, toxicity and growth Inhibition test (shoot and root length), 
cytotoxicity and potential toxicity in Allium cepa root meristem cells were 
grown in Orathupalayam dam Water. The physico-chemical parameters of 
dam water was found to be permissible limit when compared to the World 
Health Organization (WHO) Standards. Dissolved oxygen, total hardness, 
sodium, potassium, chloride, was found to be excess of permissible limit 
when compound to the WHO standards. Allium cepa root meristem cells 
were grown in the Orathupalayam dam water sample shows a cytological 
damage. The two different leaf extracts in onion root tips grown in 
Orathupalayam dam water, increasing the concentration of Ocimum sanctum 
leaf extract which inhibit the cytotoxic effect where as in case of Azadirachta 
indica leaf extracts, increasing the concentration of a leaf extract induces the 
cytotoxic effect. 
 
Key words: Genotoxicity, cytotoxicity, Allium cepa root, Ocimum sanctum, 
Azadirachta indica, leaf extract. 

 
 
INTRODUCTION 
 
In many parts of the world the polluted water from the 
river is used for irrigation purpose in agriculture without 
assessing its suitability. This affects the crop productivity as 
well as deteriorates the quality of soil. (Furhan Iqbal et al., 
2004; Simak Gholami and Srikantaswamy 2009). Rapid 
urbanization combined with industrialization has led to the 
generation and disposal of the enormous amount of waste 
produced to our environment (Atlas, 1981). A number of 
studies concerning the problem of the relationship between 
the increased heavy metal amounts in nature and industrial 
environment, their mutagenic and carcinogenic effects and 
the increased cases of malignant tumor formation in 
humans (Chandra et al.,2005).  

Noyyal River originates from the Vellingiri hills of the 
Coimbatore district, (Tamil Nadu, India). It passes through 
Tirupur and it is stored up in the Orathapalayam Dam to be 
used in agriculture and drinking purposes for the 

downstream villages in the Erode District. A large number 
of dyeing units are situated in the upstream in and around 
Tirupur. They discharge their chemical and toxic effluents 
into the Noyyal River. As a result all the irrigation wells 
along the river and in the downstream villages have been 
polluted and the ecosystem has been adversely affected by 
the seepage and percolation of water stored in the 
Orathapalayam dam. Eventually it affects the agriculture, 
livestock rearing, and fisheries of the downstream farmers 
around the Orathapalayam dam (Rob, 2011). 

The water technology centre in Tamil Nadu, says that 
Tirupur`s textile industry uses bleaching liquids, soda ash, 
caustic soda, sulfuric acid, hydrochloric acid, sodium 
peroxide, hypochloride and various dyes and chemicals  in 
textile, dyeing and bleaching processes. All this leads to the 
effluents  and hence the water that flows in the Noyyal 
river, to having a  high salinity- sodicity  content, which is  a  
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Figure 1:Noyyal river of Orathupalayam dam 
 
 
 
threat to crop yields if used for irrigation. In ‘The Times of 
India’ News Paper on 3.11.2010, have reported that the 
Noyyal river water is unfit for human consumption or use.  
The National Environmental Engineering Research Institute 
(NEERI) has said the pollution level in the Noyyal river 
water sample collected by the authorities was much above 
the acceptable standards.    

Pollutions with mutagenic and cytotoxic potentials 
produce with mutagenic and cytotoxic potentials produce 
effects such as DNA fragmentation, induction of 
chromosome aberrations, inhibition of cellular division, and 
arrest of the cell cycle, that can be cytologically detected. 
(Evseeva et al., 2003). Genotoxicity assays are used 
specifically to evaluate the genotoxic potential of 
environmental and industrial effluent samples (Cotelle et 
al., 1999). The polluted water causes the inhibition of root 
growth, decrease the percentage of mitotic index, increase 
of the presence of Interphase cells with micronulei and an 
increase of aberrant cells in comparison to control test by 
the Allium cepa (Smaka Kincl et al., 1996). The root tip cells 
of Allium cepa can be used as toxicity markers by evaluating 
several morphological and cytogenetic factors, such as root 
morphology and growth, mitotic index determination, and 
the induction of micronuclei and aberrant cells (Enseeva et 
al., 2003). The present study revealed on the evolution of 
the physical, chemical parameters and cytotoxic effect of 
Orathupalayam dam water. 
 
 
MATERIALS AND METHODS 
 
Site description and sample collection 
 
The water samples were collected in the Noyyal River of 
Orathupalayam dam, Lat 11° 81.05" N and Long 77° 42.5" 
and 77° 44.5" E Tirupur district, India(Figure 1). The water 

sample was taken in the depth of 1m. Then the water 
sample was stored in 1L of bottles and transported to the 
laboratory and stored in the room temperature, while tap 
water used as control for further analysis. 
 
Physico chemical properties of water sample 
 
The following physical parameters were carried out viz, 
temperature and electrical conductivity. The chemical 
parameters such as pH, Total solids (TS), Total suspended 
solids (TSS), Total dissolved solids (TDS), Total hardness 
(TH), Dissolved oxygen (DO), Biological oxygen demand 
(BOD), Chemical oxygen demand (COD), Chloride (Cl-), 
Sodium (Na), Potassium (K), Total nitrogen (TN) was 
analyzed. The results were compared with the World 
Health Organization (WHO) and Indian drinking water 
standards.   
 
Root and shoot growth inhibition test 
 
The 25 Allium cepa bulbs were collected with appropriate 
size had their ring of root primordia primarily suspended in 
jars filled with clean tap water for 48 hours, in order to 
demonstrate their viability for root and shoot growth. The 
jars covered by petriplates to protect the root tip from 
direct sunlight.  Then, 18 bulbs were chosen at random 
from treated with different concentration of the 
Orathupalayam dam water with controls, which grown 
from 24-72 hours.  
 
Mitotic studies 
 
Allium cepa roots were grown in the collected water sample 
at room temperature. Onion bulbs, when their root length 
reaches 1.5- 2.5cm (48 hour). The root tips were 
transferred to  the  petriplates containing tap water sample,  
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Table 1. The mean value of the physico chemical parameters of Orathupalayam Dam water sample 
 

 
S.no 

Parameters WHO Standards ISI: 10500-91(1991) Orathupalayam dam water 
Min Max Mean +SD 

1 Temperature - - 23.7 24 23.85 + 13.75 
2 pH 6.5-8.5 6.5-8.5 7.18 8.0 7.59 + 0.40 
3 Total Nitrogen - - 2.1 2.89 2.49 +  0.23 
4 Total dissolved solids 1000 500 293 318 305.5 + 34.3 
5 Electrical conductivity - - 0.35 0.41 0.38 + 0.02 
6 Chloride 250 250-1000 267.5 285.32 276.41 + 12.64 
7 Total hardness 500 300 313.67 355 334.33 + 40.03 
8 Dissolved oxygen 8 - 2.1 3.2 2.65 +  0.53 
9 COD 10 - 15.45 21.87 18.66 +  2.94 

10 BOD 5.0  7.34 10.6 8.97 +  3.04 

11 Sodium 200 - 253.17 273.53 263.35 + 8.73 
12 K 10 - 10.33 15.76 13.04 + 1.73 
13 Total solids - - 349.11 523.33 436.22 + 62.41 

 
 
 
 
which is a control and post treated with different 
concentrations of Ocimum sanctum leaf extract at different 
time intervals for 1hr - 6hr duration (Rank and Nielson, 
1993). 
Positive (Root tips grown in contaminated water sample 
with Ocimum sanctum and Azadirachta indica treatment) 
Negative (Root tips grown in contaminated water without 
treatment) 
Control (Root tips grown in tap water). 

 
Preparation of leaf extract 

 
Fresh leaves of Ocimum sanctum (green variety) and 
Azadirachta indica were collected and dried for two days 
and powdered. 1g of powdered leaves refluxed with 100ml 
of distilled water for 1 hour and then it was filtered. From 
this 1% extract different dilutions were made i.e. 5, 10, 20, 
40, 60, 80, and 100 %. 

After giving treatments the Root tips were treated with 
leaf extract and fixed in Carnoy solution (Ethanol: Glacial 
acetic acid 3:1). After that, fixed root tips were hydrolyzed 
in 1N HCL at 60oC for 10min. Acetocarmine was used as 
chromosome dye and 40microscopic slides were prepared 
for each group via (+ve, -ve, control), by squash preparation 
methods.  

 
Calculation of mitotic index and percentage of 
chromosomal aberration 

 
Mitotic index and percentage chromosome aberration were 
calculated for each treatment and the control, using the 
following formulae (Sharma and Sharma, 1999) 

 
                                             Number of dividing cells 
          Mitotic Index =   ------------------------------------ × 100                                                                  
                                           Total number of cells counted        

                                                            Num. of  aberrant cell 
% of Chromosomal Aberration =---------------------------× 100                                                                                                                                                                                                                         
                                                             Num. of cells counted 
 
 
 
RESULTS AND DISCUSSION 
 
Industrialization movements in several cities have 
contributed large amounts of pollutants through the 
indiscriminate discharge of effluents into drains.  It is well 
established that pollution lowers the quality of life in 
various aspects, besides the direct health effects, the subtle 
dangers of pollutants lies in the fact that they may be 
mutagenic or toxic and lead to several human afflictions 
like cancer, cardiovascular diseases and premature ageing 
(Grover and Kaur, 1999). 
 
Physico chemical parameters of Orathupalayam Dam 
water sample  
 
Water quality deals with the physical, chemical and 
biological characteristics in relation to all other 
hydrological properties.  Water quality a parameters 
provides the basis for judging the suitability of water for its 
designated uses and to improve existing conditions. The 
results as presented in Table. 1 shows that the 
Orathupalayam Dam water moderately alkaline (pH 7.18-8) 
and within the permissible of WHO, 1993. The average 
value of Dissolved Oxygen (DO) in water sample was 
ranged from 2.1 to 3.2 mg/L, which are slightly lower when 
compared to the tolerance limits 3mg/L as prescribed by 
the WHO Standards. The Chloride content of water sample 
lies in the range from 267.5 to 285.32 mg/L. A water 
sample has a high concentration of chloride content and 
exceeds the permissible limit proposed by WHO (250 
mg/L). Total Hardness of the sample was found to be in the  
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Table 2. Growth Inhibition of Allium cepa roots and shoots exposed to  Orathupalayam Dam  
 

Groups Hours Root length(cms) Shoot length(cms) 
Control  (tap water) 
 
 
 
Orathupalayam Dam Water 

24 2.5 0.7 
48 4.6 4.6 
72 
24 

6.3 
0.4 

36.3 
0.3 

48 1.7 1.0 
72 3.6 2.7 

 
 
 
 
range from 313.67-355 mg/L. These values are higher 
when compared permissible limit, 300mg/L by ISI: 10500-
91 (1991). 

The maximum BOD and COD values were 10.6mg/L and 
21.87 mg/L respectively in water samples. There was a 
significant degree of self- purification as the water flows. 
The mean BOD (8.97 mg/L) and COD (31mg/L) of the 
Orathupalayam Dam water was higher when compared to 
the permissible limit (5mg/L BOD, 10mg/L COD). The 
quality of water required for irrigation depends especially 
on the dissolved salts like sodium, phosphorous, calcium 
and their concentration in water. Increase or decrease in 
concentration of these salts and their ratio to one other 
influence the quality of water for irrigation. (U.S.D.A, 1954). 
 
Root and shoot growth inhibition test 
 
The chromosomal aberration method in roots is validated 
by the International programmed on chemical safety (IPCS, 
WHO) and UNITED NATIONS ENVIRONMENTAL 
PROGRAMME (UNEP), as a test efficient for the analysis and 
monitoring in-situ of genotoxicity of environmental 
substances (Silva et al., 2004). The polluted water from 
Orathupalayam Dam causes the inhibition of root and shoot 
growth, which shows general toxicity. Growth retardation 
was observed in onion root meristem cells exposed to 
Orathupalayam Dam water. The high growth rate was 
observed in Allium cepa exposed to control, which is a tap 
water (Table 2). 

The Allium test to be a useful tool for the detection of 
potentially genotoxic substances in air and water screening 
programs (Kinkl, 1996). The mitotic index is used as an 
indicator of adequate cell proliferation, which can be 
measured using Allium cepa  plant system (Grisolia and 
Cordeiro, 2000). The obtained result from the polluted 
water from Orathupalayam dam showed that the polluted 
water reduces mitotic activity of onion root meristem cells 
and cause the chromosome and nuclear abnormalities. In 
the control sample almost no anomalies were observed, but 
a low frequency of elongated cells was found (0.235), The 
Mitotic index, which is 14.235% in control. However, these 
treatments 14 times higher in the samples, observe in 
negative control. In negative control, the Mitotic index was 
10.823% with following like Chromatid bridges, Irregular 

metaphase, binucleated cells, membrane damage,  
Stickiness, Lagging chromosome, Polar slip, Apoptotic cells 
Irregular anaphase, Distortion chromosome. (Table 3 and 
4).  

The plants commonly used as indicators for studies of 
potential toxicity of River water, Allium cepa constitutes a 
convenient system for the analysis of anatomical (root 
growth, deformity, twist) and microscopic parameter 
chromosome abnormalities, altered mitotic index (MI) and 
micronucleus formation (Patra and Sharma, 2002).   
Orathupalayam dam water were post treated with the 
aqueous leaf extract of Ocimum sanctum showed higher 
recovery in the mitotic index (MI), when compared to (–ve) 
control.  In positive control, increasing the concentration of 
Ocimum sanctum leaf extracts increases the percentage of 
Mitotic index from 12.588 to 14.235. In combination 
treatments with various concentrations of Ocimum sanctum 
aqueous leaf extract were found to be effective in inhibiting 
the frequency of aberrant cells.  

The percentage of aberrant cells were observed to be 
higher in 10% concentration 2.117  and the lowest at 100%  
and which show inhibit the effect of  cytotoxicity in at the 
root tip like Chromatid bridges, binucleate cells Irregular 
metaphase,  Stickiness, Lagging chromosome, Polar slip, 
Apoptotic cells (Table 3). In the positive control, the roots 
were treated with the aqueous leaf extract of Ocimum 
sanctum showed highly significant recovery in the mitotic 
index and chromosomal aberrations(Figure 2).  Recent 
studies have proved that Ocimum sanctum possesses anti-
mutagenic, anti-carcinogenic and radio protective effects. 
(Umadevi and Ganasoundari, 1995). 

It is evident from the results of the present study that 
aqueous leaf extract of the Ocimum sanctum has inhibitory 
effects on the cytotoxic damage induced by the polluted 
water from Orathupalayam Dam.  However, it is not 
possible for the present study to suggest any possible 
mechanism of action, since the extract used in the study 
contain a number of compounds like eugenol, 
sesquetrpenes, flavonoids and phenolic compounds etc., 
And these compounds individually may lead to significant 
effects as observed in the present study. 

The roots grown in the  Orathupalayam dam water were 
post treated with the aqueous leaf extract of A. indica 
showed  highly  recovery  in  the  Mitotic   index (MI),  when  
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Table 3. Cytotoxic effect of Orathupalayam dam water sample with the Ocimum sanctum (cytotoxic inhibition) aqueous 
leaf extract (positive control), without treatment negative and control (tap water) in Allium cepa root mertistem cells 

 
 
S.no 
 

 
Water sample 

 
Total 
analyzed 
cells 

 
Number of 

cells 
showing 
division 

 
Total 
aberrant 
cells 

 
Mitotic 

Index (%) 

  
Chromosomal 

Aberration 
(%) 

1 Control(Tap water) 850 121 2 14.235 0.235 

2 Negative 
control(Orathupalayam 

dam water) 

850 92 32 10.823 3.764 

3 Positive 
control(Orathupalayam 

dam water with 
treatment) 10% 

850 107 18 12.588 2.117 

4 20% 850 114 14 13.411 1.647 
5 40% 850 107 9 12.588 1.058 
6 60% 850 115 6 13.529 1.705 
7 80% 850 118 4 13.882 0.470 
8 100% 850 121 2 14.235 0.235 

 
 

 
 

Figure 2: The abnormalities observed in metaphase, anaphase and telophase cells of Allium cepa root meristematic cells [(a) bridge 
formation in anaphase, (c) orientation fault in equatorial plate, d. bridge formation in telophase, (e and f) chromosomes withdraw 
transversally in telophase (Scale bars = 10 μm)] 

 
Fig-a Anaphasic chromosomal Bridge Fig-b Laggards Fig c - Stickiness, Multipolar anaphase 

Fig-d stickiness and Laggards 

 
Fig e - Orientation fault in equatorial plate Fig f - Orientation fault in equatorial plate  

Telophase bridge formation Binucleate  and trinucleate 
 

Metaphase with several chromosome fragments 

 

Fig.1 The abnormalities observed in metaphase, anaphase and telophase cells of Allium cepa root 

meristematic cells [(a) bridge formation in anaphase, (c) orientation fault in equatorial plate, d. bridge 

formation in telophase, (e and f) chromosomes withdraw transversally in telophase (Scale bars = 10 μm)] 

2
1
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Table 4. Cytotoxic effect of Orathupalayam dam water sample with the Azadirachta indica (cytotoxic inducer) aqueous leaf 
extract (positive control), without treatment negative, control (tap water) in Allium cepa root mertistem cells 

 
S.no Water sample Total 

analyzed 
cells 

Number    of 
cells 

showing 
Division 

Total 
aberrant 

cells 

Mitotic 
Index (%) 

Chromosomal 
Aberration 

(%) 

1 Control (Tap water) 850 112 2 13.176 0.235 
2 Negative 

control(Orathupalayam 
dam water) 

850 92 32 10.823 3.764 

3 Positive 
control(Orathupalayam 

dam water with 
treatment) 10% 

850 104 18 12.235 2.117 

4 20% 850 106 15 12.470 1.764 
5 40% 850 108 19 12.705 2.235 

6 60% 850 110 24 12.941 2.823 
7 80% 850 111 28 13.058 3.294 
8 100% 850 118 30 13.882 3.529 

 
 
 
compared to (–ve) control (without treatment).  In positive 
control, increasing the concentration of A.indica leaf 
extracts increases the percentage of mitotic index from 
12.235 to13. 882. In different concentration of A. indica 
aqueous leaf extract was found to be effective in induced 
the frequency of aberrant cells.  The percentage of aberrant 
cells were observed to be higher in 10% concentration 
1.294 and the lowest at 100%  and which shows induced 
effect A. indica of in root tips anomalies like Chromatid 
bridges, Irregular metaphase, Irregular anaphase, 
Distortion chromosome, membrane damage, Lagging 
chromosome, Polar slip (Table 4).  Our research similar 
way to that Kara et al., (1994) determined that the mitotic 
index decreased in the root meristem samples of Allium 
cepa germinated in the water samples obtained from the 
industrial area near the Gediz River. This observation 
collaborates the findings of Bakare et al., (1999, 2000, 
2001), who recorded lower mitotic index values in the 
treated root cells of A. cepa when compared with the 
control root cells. 
 
 
CONCLUSION 
  
In the present study was concluded Orathupalayam Dam 
water results the presence of certain cytotoxic substances 
in the environments, which represent direct or indirect risk 
for all living organisms.  
The obtained result showed that water from 
Orathupalayam Dam reduces mitotic activity of onion 
(Allium cepa) root, meristem cells and cause the 
chromosome and nuclear abnormalities. And this report 
can be used for the inhibition of irrigation the agricultural 
fields by    polluted   water   as  it   may construe mitotic  cell 
division of   plants  and  in  turn  wipes  out the plant  due to 

 toxicity. 
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