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Abstract: Industrial waste may contain complex chemical 
mixtures with potential cytotoxic and genotoxic effects. The 
Dandugan Oya, a water canal located in the Western Province 
of Sri Lanka receives industrial waste from multiple sources. 
In the present study potential toxicity of selected industrial 
wastewaters reaching the Dandugan Oya, and the downstream 
water was assessed using a plant based bioassay with onion 
(Allium cepa L. var. ascalonicum) as the test organism. Of 
the physico-chemical characteristics tested, temperature, 
pH, biochemical oxygen demand, chemical oxygen demand, 
cadmium and chromium levels of the wastewaters collected 
during three sampling occasions in the year 2012 were within 
the national tolerance limits specified for the discharge of 
industrial effluents into inland surface waters. The exposure 
of A. cepa bulbs to wastewater and downstream water 
from the Dandugan Oya resulted in the reduction of root 
growth (24 – 62 %) and mitosis (31 – 55 %), induction of 
micronuclei (up to 0.6 %), nuclear abnormalities (3 - 14 folds) 
and chromosomal aberrations (3 - 21 folds) in the root tip 
meristematic cells compared to those exposed to the control 
and the upstream water, indicating cytotoxic and genotoxic 
effects. No significant difference between the control and 
the upstream water was found in relation to the measured 
biological effects (p > 0.05). The present study revealed that 
the tested wastewaters contained cyto-genotoxic contaminants 
and, the inherent dilution/detoxification capacity of Dandugan 
Oya during the study period was not adequate to eliminate 
the toxic effects in the downstream water. In addition to the 
conventional physico-chemical analyses, inclusion of suitable 
bioassays as additional assessments in water quality monitoring 
programmes could alert cyto-genotoxic impacts in wastewater 
receiving inland surface waters.

Keywords: Bioassay, cytotoxicity, Dandugan Oya, genotoxicity, 
wastewater.

Introduction

Industrial wastewaters may contain complex chemical 
mixtures including metallic and organic compounds with 
potential cytotoxic and genotoxic effects. The evaluation 
of hazardous wastes and effluents by genotoxicity assays 
may provide data useful for hazard identification and 
comparative risk assessment (Claxton et al., 1998). In a 
review of mutagens in surface waters, Ohe et al. (2004) 
emphasized the importance of conducting mutagenicity/
genotoxicity assays in addition to the analysis of 
conventional water quality parameters to efficiently 
assess the presence of mutagens in water.

	 Higher plants are recognized as excellent genetic 
models to detect environmental mutagens and may serve 
as a warning to other biological systems, since the target of 
the mutagens is DNA, which is common to all organisms. 
Among the plant species, Allium cepa (2n = 16) bioassay 
is frequently used for in situ environmental monitoring 
studies of waste, surface water and groundwater quality 
assessments (Grant, 1982; Smaka-Kincl et al., 1996; 
Leme & Marin-Morales, 2009). The A. cepa bioassay 
is a low cost and easily handled toxicity test, which 
has advantages over other short-term tests that require 
previous preparations of tested samples. The A. cepa 
bioassay facilitates testing different toxicity endpoints viz. 
root growth inhibition, mitotic index alterations (Fiskesjo, 
1985), chromosome aberrations, nuclear alterations and 
micronucleus analysis (Grant, 1982; Rank & Nielsen, 
1993; Ma et al., 1995).  A combination of these toxicity 
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endpoints can be used to evaluate general toxicity, 
cytotoxicity, genotoxicity and to verify mutagenicity 
(Leme & Marin-Morales, 2009). Moreover, this test 
system provides information to evaluate the genotoxic 
mechanisms of an agent (clastogenic and/or aneugenic 
effects) on the genetic material (Leme & Marin-Morales, 
2009). Recently, cytotoxic and genotoxic effects on 
A. cepa have been reported following exposure to a 
number of pollutants including heavy metals (Barbosa 
et al., 2010; Hemachandra & Pathiratne, 2015), pesticides 
(Liman et al., 2011; Türkoğlu, 2012), complex mixtures 
such as industrial and municipal wastes (Chandra 
et al., 2005; Radic et al., 2010; Siddiqui et al., 2011) and 
emerging contaminants (Herrero et al., 2012).  

	 In Sri Lanka, inland surface waters specially in 
urban areas are being polluted with domestic sewage 
and industrial effluents (Bandara, 2003). For regulatory 
purposes, national tolerance limits have been established 
for a set of physico-chemical and microbiological 
parameters for discharge of industrial effluents into 
inland surface waters of Sri Lanka (Anon, 2008). 
However, no attention has been given for assessing the 
biological effects of inland surface waters impacted by  
industrial waste. Complementary to the conventional 
physico-chemical analysis, biological tests for toxicity 
assessments are important for evaluating the response of 
the living organisms in complex mixtures of pollutants 
and assessing their potential synergistic effects. The 
Dandugan Oya, a water canal located in the Western 
Province, Sri Lanka is a recipient of industrial waste 
from multiple sources. It also serves as a raw water 
source for public water supply in some suburban areas in 
the Gampaha District. In the present study the potential 
cyto-genotoxic effects of wastewaters of two industries 
discharged into the Dandugan Oya and the downstream 
water were assessed using A. cepa bioassay along with 
some physico-chemical characteristics to evaluate the 
quality of wastewaters and receiving water.

Methods and Materials 

Sampling sites

Sampling sites selected for the present study are given in 
Figure 1. Wastewater discharged to the Dandugan Oya 
by industry A (textile dyeing effluent) and B (leachate 
from a tannery effluent) were collected from site A (E-
79°55’24.64” N-7°7’27.45”) and site B (E-79°55’17.85” 
N-7°7’34.98”), respectively along with the downstream 
water from site C (E-79°55’3.82” N-7°7’39.24”). 
Sampling was carried out on three occasions in 2012; 
March, June and September, which was mainly during 
dry periods. Site C is the raw water intake point by the 

National Water Supply and Drainage Board (NWSDB) for 
treatment/distribution. The selection of the two industries 
was based on the close proximity of their discharges to 
the raw water intake of the NWSDB. Water samples 
from upstream of the water course, Attanagalu Oya 
(Site R, E-80°12’43.19” N-7°7’21.57”) were collected in 
October 2012. The water flows in the direction of site R 
to site C.

Physico-chemical characterization of water/
wastewater samples

The temperature, pH, electrical conductivity, salinity and 
total dissolved solids of the water/wastewater samples 
were measured in situ using a multi parameter water 
quality checker (MPS-556, Yellow Springs Instrument 
Company, USA). The dissolved oxygen content (DO), 
biochemical oxygen demand (BOD5) and chemical 
oxygen demand (COD) of the water/wastewater samples 
were analysed according to standard procedures (APHA, 
1998).  Total cadmium and chromium concentrations were 
analysed following the standard protocols (APHA, 1998) 
using furnace atomic absorption spectrophotometry with 
GBC model 932 plus atomic absorption spectrometer 
equipped with a graphite furnace 3000 system and PAL 
3000 auto sampler. The physico-chemical characteristics 
of the water used for wastewater dilution (aged pipe borne 
water originated from the Kelani River) were determined 
concurrently for comparative purposes.

Allium cepa bioassay for toxicity assessments

The A. cepa bioassay was performed as described 
by Grant (1982) with some modifications, which 
included the use of a commercial variety of red onion 
(Allium cepa L. variety ascalonicum) for evaluating 
different parameters of meristematic cells as indicators 
of cytotoxicity, genotoxicity and mutagenicity;  direct 
exposure of onion bulbs to the wastewater/water without 
an intermediary step in the distilled water; and the 
elevated exposed temperature (25 – 26 oC)  to reflect 
tropical exposure conditions. Homogeneously sized 
A. cepa bulbs were purchased from the local market. 
Healthy bulbs (weight 6 - 9 g) were prepared for testing 
by removing the loose outer scales and gently scraping 
apices of the bulbs to expose the root primordia. A set of 
7 glass aquaria were filled (500 mL) separately with the 
undiluted and diluted (50 % dilution) wastewater/water 
samples of each site and the dilution water (control). Tap 
water originated from the Kelani River was used as the 
diluents after leaving under continuous aeration for 3 days 
to release residual chlorine.  A series of onion bulbs were 
installed in a floater and placed in the glass aquaria with 
the respective exposure medium in order to submerge 
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the onion bulbs to about one quarter of its depth. The 
exposure media were renewed daily for two days. The 
bioassay was conducted under laboratory conditions in a 
shaded area at room temperature (25 - 26 oC). 

	 After 48 hrs of exposure, ten bulbs with growing 
roots were randomly selected from each test medium and 
the control, and several root tips (1 - 2 mm of length) 
from each bulb were fixed in 3:1 ethanol:glacial acetic 
acid (v/v) and stored overnight at 4 0C. The root tips 

were hydrolysed in 1 N HCl at 60 0C for 5 min. The acid 
penetrated root tips were washed with distilled water 
and stained with 5 % acetocarmine solution for 5 min. 
The roots were placed on glass slides with a drop of 5 % 
acetocarmine solution, and a cover slip was placed on the 
glass slide providing slight pressure to squash the cells on 
the surface of the slide. One slide was prepared from each 
bulb. The slides were coded and the root tip meristematic 
cells were examined under the light microscope 
(× 400) for scoring of mitotic stages, occurrence of 

Figure 1:	 Map of the Dandugan Oya showing sampling sites: A – industry A effluent; B – industry 
B wastewater leachate; C - downstream water; R – upstream of the water course 
(Attanagalu Oya)
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micronuclei, nuclear abnormalities in the interphase 
cells and chromosomal aberrations in the dividing cells. 
The mitotic index was calculated as the percentage of 
dividing cells of observed meristematic cells by counting 
1000 cells per slide (Fiskesjӧ, 1985; 1988). Nuclear 
abnormalities were estimated using the abnormalities 
detected in 1000 interphase cells in each slide. The 
frequencies of chromosomal aberrations were based 
on the number of specific chromosomal abnormalities 
(Leme & Marin-Morales, 2009; Barbosa et al., 2010) 
corresponding to 100 examined dividing cells in each 
slide.  The frequency of micronuclei was scored in 1000 
interphase cells per each bulb (Ma et al., 1995).  The 
same procedure was followed with A. cepa onion bulbs 
exposed to the upstream water and the dilution water 
(control) for comparison. 

	 Another set of A. cepa bulbs were continuously 
exposed to the wastewater/water samples and the control 
media as described above for 5 d with daily renewal of 
exposure media for root growth inhibition test. After 5 d 
of exposure, the lengths of the whole root bundle from 
each bulb were measured as described by Fiskesjo (1988), 
for assessing phytotoxicity using growth inhibition as the 
toxicity endpoint.

Data analysis

Physico-chemical parameters of water/wastewater 
samples were compared using one-way analysis of 

variance (ANOVA). If differences were significant, they 
were compared using Tukey’s pairwise comparison test 
(Zar, 1999). Same statistical tests were used to examine 
the differences in tested parameters relevant to the onion 
bulbs exposed to the wastewater/water samples. The data 
were transferred into log10(X+1) before analyses. The 
accepted level of significance was p < 0.05.

Results

Physico-chemical characteristics of wastewater/
water 

Salinity, conductivity, total dissolved solids and total 
chromium content of wastewater from site B were 
significantly higher than those of site A and the water 
samples from site C downstream of the Dandugan 
Oya (Table 1). In the downstream water, elevated total 
dissolved solid levels, BOD5 and COD concentrations, 
detectable chromium and cadmium contents were found 
in comparison to the dilution water and the upstream 
water (site R).

	 Of the tested physico-chemical characteristics, 
temperature, pH, BOD5, COD, total chromium and 
cadmium levels of the wastewater samples from sites A 
and B were within the national tolerance limits specified 
for discharge of effluents to inland surface waters 
(Anon, 2008). No national tolerance limits are available 

*	 The data are presented as mean ± SEM for 3 sampling events (except site R). For each parameter, means indicated by different superscript 
letters (a, b, c) are significantly different from each other (ANOVA, Tukey’s test, p < 0.05). 

	 ND - below the limit of quantification (LOQ: 0.4 μg/L for cadmium; 1.3 μg/L for chromium)
	 TDS - Total dissolved solids; DO - dissolved oxygen; BOD5 - biochemical oxygen demand for 5 days; COD - chemical oxygen demand
#	 National tolerance limits specified for industrial effluents (Anonymous, 2008)
##	 Sri Lanka Standards limits for raw water for public water supply (SLS, 1985)

Parameters	 Site A	 Site B	 Site C	 Dilution	 Site R	 tolerance limits  for 	 SLS limits for		
				    water		  industrial effluents#	  raw water##		
	  		
Colour	 red	 light green	 light brown	 clear	 clear		  -
Temperature (0C)	 31.5 ± 1.7 a	 28.2 ± 0.6 a	 29.4 ± 0.8 a	 30.3 ± 0.5 a	 25.4	 40	 -
pH	   8.0 ± 0.4 a	   7.7 ± 0.1 a	   8.4 ± 0.5 a	   7.2 ± 0.8 a	 7.0	 6.5 - 8.0  textile	 6.0 - 9.0		
						       5.5 - 9.0 tannery
Salinity (g/L)	  0.2 ± 0.1a	   3.2 ± 0.7 b	 0	 0	 0	 -	 -
Conductivity (μS/cm)	   444 ± 312 a	   6193 ± 1479 b	 96 ± 4 a	 95 ± 9 a	 32	 -	 -
TDS (mg/L)	   247 ± 170 b	 3893 ± 791 c	 56 ± 2 b	 18 ± 3 a	 21	 -	 -
DO (mg/L)	   2.3 ± 0.3 a	    3.0 ± 0.1 ab	   3.5 ± 0.1 b	   5.1 ± 0.2 b	 5.6	 -	 4
BOD5 (mg/L)	 29 ± 3 a	 19 ± 1 a	 23 ± 1 a	 < 3	 < 3	 60	 5
COD (mg/L)	 92 ± 2 a	 96 ± 8 a	 80 ± 5 a	 < 9	 < 9	 250	 -
Cadmium (μg/L)	   1.5 ± 0.3 a	   2.0 ± 0.6 a	   1.2 ± 0.3 a	 ND	 ND	 100	 -
Chromium (μg/L)	   3.0 ± 0.5 a	 19.4 ± 2.0 b	   5.5 ± 1.1 a	 ND	 ND	 2000	 50

Table 1:	 Physico-chemical characteristics* of wastewater/water samples collected from the study sites of the Dandugan Oya 
during the study period
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Figure 2:	 Allium cepa var. ascalonicum root tip meristematic cells 
showing normal cell stages (a) interphase; (b) prophase; 
(c) metaphase; (d) anaphase and (e, f) early and late 
telophases

for salinity, electrical conductivity and total dissolved 
solid levels for discharge of effluents to inland surface 
waters in Sri Lanka. Sri Lanka Standards (SLS)(1985) 
for water quality parameters specified for inland surface 
waters for use as raw water for public water supplies 
include pH, dissolved oxygen, BOD5 and  chromium 
levels. The pH, dissolved oxygen and total chromium 
levels of the downstream water of the Dandugan Oya (raw 
water intake area for public water supply) were within the 
SLS specified limits. However, BOD5 of the downstream 
water (22 - 24 mg/L) was higher than the limit specified 
by the SLS indicating high organic pollution in the 
downstream water during the study periods. There are 
no established Sri Lanka standard limits for temperature, 
salinity, electrical conductivity, total dissolved solids, 
COD and cadmium for inland surface waters for use as 
raw water for public water supplies. The cadmium levels 
of upstream water (site R) and the dilution water were 
below the detection limits whereas the downstream water 
(site C) had traces of cadmium (1.2 ± 0.3 μg/L).

Toxicity assessments by A. cepa bioassay

The microscopic appearance of normal interphase cells 
and dividing cells in the A. cepa root tip meristematic 

region are presented in Figure 2. Mitotic indices based 
on the percentage of mitotically dividing cells in the root 
tip cells indicate significant inhibition of cell divisions 
in the root tip cells of the onion bulbs following 2 days 
of exposure to wastewater (Figure 3). Mitotic indices of 
the root tip cells exposed to undiluted wastewater from 
site A and site B and  the downstream water from site C 
were depressed by 34 ‒ 51 , 31 ‒ 42 and 40 – 55 %, 
respectively in comparison to the onion bulbs exposed 
to dilution water (control) and the upstream water 
(site R). Dilution of wastewater to 50 % showed some 
improvements in the mitotic indices of the root tip cells 
exposed to the wastewater from site A and site B, but 
a significant dilution effect on the mitotic indices was 
not observed for downstream water with 50 % dilution 
(Figure 3). 

	 The root growth based on increase in root length 
(Figure 3) of A. cepa bulbs showed significant inhibition 
following 5 days exposure to undiluted wastewater from 
site A (39 ‒ 40 %), site B (34 ‒ 62 %)  and downstream 
water from site C (24 ‒ 44 %) compared to that of A. cepa 
bulbs exposed to dilution water indicating phytotoxicity. 
Root growth inhibition was significantly lower in diluted 
wastewater from site B compared to the undiluted 
wastewater, whereas no significant dilution effect was 
observed for the wastewater from site A and downstream 
water. 

	 Micronuclei were not detected in the root tip cells 
of A. cepa bulbs exposed to dilution water or upstream 
water, whereas micronucleated interphase cells (Figure 4,  
Table 2) were observed in the bulbs exposed to wastewater/
downstream water samples from the Dandugan Oya. 
Occurrence of micronucleated cells was greater in the 
onion bulbs exposed to undiluted wastewater/downstream 
water samples compared to those in the diluted exposure 
media. Nuclear abnormalities  viz.  notched nuclei, binuclei 
and nuclei with nuclear buds were observed in some 
interphase cells of the root tips (Figure 4). Occurrence 
of these nuclear abnormalities were significantly greater 
in the bulbs exposed to undiluted wastewater from site 
A (3-8 folds) and site B (4-14 folds) and downstream 
water (3-7 folds) compared to that of bulbs exposed to 
dilution water (Figure 5). Except for the wastewater 
from site B in the third sampling event, dilution of the 
wastewater/downstream water had no significant effect 
on the occurrence of nuclear abnormalities.  

	 Chromosomal aberrations observed in the dividing 
cells of onion root tips were sticky chromosomes in the 
metaphase, C-metaphase, disturbed anaphase, anaphase 
bridge, lagging chromosomes in the anaphase and 
telophase bridges (Figure 6). Occurrence of chromosomal 
aberrations in the onion root tip cells exposed to dilution 
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Figure 4:	 Allium cepa L. var. ascalonicum root tip interphase cells with (a) normal nucleus; 
(b) micronucleus; (c) notched nucleus; (d,e) binuclei and (f) nuclear bud following exposure 
to the selected wastewater samples

water and upstream water was very low (1.6 ‒ 1.8 %) and 
the differences were not significant (Figure 7). Compared 

to those exposed to dilution water, the occurrence of 
chromosomal aberrations were significantly greater 

Figure 3:	 Mitotic index of root tip cells of Allium cepa var. ascalonicum bulbs 
and root growth following exposure to undiluted and 50 % diluted (dl) 
wastewater (site A, B) and downstream water (site C), dilution water 
(control) and upstream water (site R). For each sampling occasion, 
results (mean ± SEM, n = 10) indicated by different letters (a, b, c, d) are 
significantly different from each other (ANOVA, Tukey’s test, p < 0.05). 

March 2012                    June 2012                    September 2012

March 2012                       June 2012                     September 2012
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*	 Data are presented as mean ± SEM (n = 10). The numbers in the 
parentheses indicates the range. No micronuclei were detected in 
the root tip cells exposed to dilution water or upstream water. 

Sampling	 Tested 		 Occurrence of micronuclei  (%)
occasion	 sample
		  Site A	 Site B	 Site C

March	 Undiluted	 0.2 ± 0.2	 0.6 ± 0.3	 0 
2012		  (0 ‒ 2)	 (0 ‒ 2)
	
	 Diluted	 0	 0.2 ± 0.2	 0
			   (0 ‒ 2)

June 	 Undiluted	 0.4 ± 0.3	 0.6 ± 0.3 	 0.2 ± 0.2
2012		  (0 ‒ 2)	 (0 ‒ 2)	 (0 ‒ 2)

	 Diluted	 0.2 ± 0.2	 0	 0
		  (0 - 2)
	
September 	 Undiluted	 0.4 ± 0.3	 0.6 ± 0.3	 0.2 ± 0.2
2012		  (0 ‒ 2)	 (0 ‒ 2)	 (0 ‒ 2)

	 Diluted	 0	 0	 0

Table 2:	 Occurrence of micronuclei* in Allium cepa var. ascalonicum 
root tip cells following exposure to undiluted and diluted 
(50 % dilution) wastewaters collected from the study sites 
(site A, B) and downstream water (site C) of Dandugan 
Oya 

Figure 5:	 Nuclear abnormalities of Allium cepa var. ascalonicum bulbs following exposure 
to undiluted and 50 % diluted (dl) wastewater (sites A, B) and downstream water 
(site C), dilution water (control) and upstream water (site R). For each sampling 
occasion, the results (mean ± SEM, n = 10) with different letters (a, b, c) are 
significantly different from each other (ANOVA, Tukey’s test, p < 0.05). 

Figure 6:	 Chromosomal aberrations seen in Allium cepa var. 
ascalonicum root tip cells following exposure to selected 
wastewater samples (a) sticky chromosomes in metaphase; 
(b) C-metaphase; (c) anaphase bridge; (d) lagging 
chromosomes in anaphase; (e) disturbed anaphase and 
(f) telophase bridge 

March 2012                           June 2012                         September 2012
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in the dividing  root tip cells of A. cepa bulbs exposed 
to the wastewater of site A (3 ‒ 9 folds) and site B 
(8 ‒ 21 folds) and  downstream water (site C) from the 
Dandugan Oya (3 - 8 folds). Dilution of downstream 
water up to 50 % had no significant reduction on the 
occurrence of chromosomal abnormalities, whereas 
wastewater from site B in the three sampling events 
and wastewater from site A in the first sampling event 
showed significant reduction in the occurrence of 
chromosomal aberrations with  50 % dilution. Majority 
of the chromosomal aberrations observed in the root tip 
cells exposed to wastewater/downstream water were due 
to spindle dysfunction effects (sticky chromosomes in the 
metaphase, C-metaphase, disturbed anaphase and lagging 
chromosomes), whereas the occurrence of chromosomal 
damages (anaphase bridges and telophase bridges) were 
comparatively low (Figure 7). No significant differences 
between the dilution water and upstream water (site R) 
were found in relation to the measured parameters.

Discussion 

The analyses of samples collected from areas known to 
receive industrial wastes and effluents have shown that 
genotoxins can accumulate in the receiving environment 
and have adverse effects on indigenous biota (Claxton 
et al., 1998). A. cepa bioassay has been used as a 
tool for environmental monitoring in the last decade, 
where satisfactory results have been reported (Leme & 

Marin-Morales, 2009; Radic et al., 2010; Masood & 
Malik, 2013). In the present study Allium cepa bioassay 
with different toxicity endpoints has been applied to 
assess the toxicity of wastewaters reaching the Dandugan 
Oya, a raw water source of the pipe borne water supply in 
some suburban areas in the Gampaha District, Sri Lanka. 
Although majority of the measured physico-chemical 
parameters including cadmium and chromium levels 
were within the national tolerance limits, the bioassay 
revealed cyto-genotoxic effects of wastewaters reaching 
the Dandugan Oya at sites A (textile dyeing effluent) and 
B (leachate from a tannery effluent) and the downstream 
receiving water (site C). 

	 Depression of mitotic indices and root growth 
inhibition in A. cepa have been reported earlier following 
the exposure to a number of pollutants including heavy 
metals (Barbosa et al., 2010; Hemachandra & Pathiratne, 
2015), pesticides (Liman et al., 2011; Türkoğlu, 2012), 
complex mixtures such as industrial and municipal 
waste (Chandra et al., 2005; Radic et al., 2010; Siddiqui 
et al., 2011) and emerging contaminants (Herrero et al., 
2012).  Allium cepa root tip cells exposed to undiluted 
and diluted wastewater /downstream water samples of 
the Dandugan Oya exhibited significant depression of 
mitotic indices in comparison to the dilution water in all 
sampling occasions. The results indicate mito-depressive 
effect of the contaminants present in the tested samples. 
These contaminants may interfere with the normal 

Figure 7:	 Chromosomal aberrations in root tip cells of Allium cepa var. ascalonicum 
bulbs following exposure to undiluted and 50 % diluted (dl) wastewater 
(site A, B) and downstream water (site C), dilution water (control) and 
upstream water (site R). For each sampling occasion, the results (mean ± 
SEM, n = 10) with different letters (a, b, c, d, e) are significantly different 
from each other (ANOVA, Tukey’s test, p < 0.05). 

March 2012                    June 2012                     September 2012
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process of mitosis, thus preventing a number of cells 
from entering the prophase and blocking the mitosis 
cycle during interphase. The inhibition of mitotic index 
can also be attributed to be an effect of environmental 
chemicals on DNA/protein synthesis of the biological 
system (Yildiz et al., 2009). Mitotic index alterations can 
indicate changes deriving from chemical action in the 
growth and development of exposed organisms (Leme 
& Marin-Morales, 2009). Decrease in the root growth of 
A. cepa bulbs exposed to wastewater/downstream water 
from the Dandugan Oya in comparison to the onion 
bulbs exposed to dilution water and upstream water can 
be attributed to the mito-depressive effect caused by 
cytotoxic contaminations. 

	 Micronuclei and chromosomal aberration tests in 
A. cepa bioassay provide a rapid screening of genotoxic 
effects of the chemical substances that are present 
in the environment (Leme & Marin-Morales, 2009). 
Micronucleus test has been considered as the most 
effective and simplest endpoint to analyse the mutagenic 
effect promoted by chemicals (Ma et al., 1995). The 
micronucleus is composed either of small chromatin 
fragments, which arise as a result of chromosomal 
breakage  or of whole chromosomes that do not migrate 
during anaphase as a result of spindle dysfunction (Leme 
& Marin-Morales, 2009). Micronuclei (up to 0.6 %) were 
observed in A. cepa root tip cells following exposure 
to undiluted wastewater/downstream water during all 
three sampling occasions and diluted wastewater in 
one sampling event. The micronuclei induction in the 
root tip cells may indicate the presence of mutagenic 
contaminations in the tested wastewater samples. 

	 Chromosomal aberrations are characterized by 
changes in either the chromosomal structure or in the 
total number of chromosomes, which can occur both 
spontaneously and as a result from exposure to physical 
or chemical agents (Russel, 2002). Occurrence of 
chromosomal aberrations were significantly greater in 
the dividing root tip cells of A. cepa bulbs exposed to the 
wastewater of site A and  B, and downstream water from 
the Dandugan Oya compared to those exposed to the 
dilution water. A majority of chromosomal aberrations 
observed in the root tip cells exposed to wastewater 
reaching the Dandugan Oya were sticky chromosomes 
in the metaphase, C-metaphase, disturbed anaphase and 
lagging chromosome, whereas the occurrence of anaphase 
bridge and telophase bridges were comparatively low. 
Sticky chromosome, C-metaphase, disturbed anaphase 
and lagging chromosome were categorized as indicators 
of aneugenic action due to disturbances in the mitotic 
spindle (spindle dysfunction), whereas chromosomal 
bridges in the anaphase and telophase indicate 

chromosomal breaks due to the clastogenic effects (Leme 
& Marin-Morales, 2009; Radic et al., 2010; Masood & 
Malik, 2013). The types of chromosomal abnormalities 
induced in A. cepa root tip cells exposed to wastewater 
reaching the Dandugan Oya indicate the occurrence of 
more aneugenic effects due to spindle dysfunctions than 
clastogenic effects due to chromosomal breaks.  

	 Nuclear abnormalities, which are characterized by 
morphological alterations in the interphase nuclei have 
also been included as endpoints in recent studies on 
testing cyto-genotoxicity of environmental chemicals. 
Along with chromosomal aberrations analysis, nuclear 
abnormalities evaluation has shown to be a sensitive 
analysis for making the investigation of test agent actions 
even more accurate in relation to their effects on the DNA 
of exposed organisms (Leme & Marin-Morales, 2009).  
Nuclear abnormalities of the root tip cells exposed to 
wastewater/downstream water was induced significantly 
compared to those exposed to the dilution water. 
Nuclear buds, which is one of the prominently detected 
abnormalities associated with pollutant exposure may 
arise as a result of the elimination of exceeding genetic 
material derived from the polyploidization process 
(Fernandes et al., 2007). The induction of nuclear 
abnormalities in A. cepa root tip cells may be associated 
with the presence of cyto-genotoxic contaminations in 
the wastewater and the receiving downstream water. 

Conclusion

The present study applied the A. cepa bioassay with 
different toxicity endpoints (mitotic index, root growth, 
occurrence of micronuclei, chromosomal aberrations 
and nuclear abnormalities) for the first time to assess the 
potential toxicity of wastewaters reaching the Dandugan 
Oya and downstream receiving water, which is used 
as a raw water source for public water supply in some 
suburban areas in Sri Lanka. The bioassay revealed 
that wastewater samples from the sites A and B (textile 
dyeing effluent and a leachate from a tannery effluent) 
consistently contained cyto-genotoxic contaminations 
over the study period. As the downstream water also 
exhibited consistent cyto-genotoxic effects, the inherent 
detoxification and dilution capacity of the Dandugan Oya 
seems to be inadequate to eliminate the cyto-genotoxicity 
of the receiving water. In addition to the wastewaters, 
other pollution sources such as urban waste may have 
contributed to the cyto-genotoxic contaminations in the 
receiving downstream water. Dry weather conditions 
during sampling occasions could have also contributed 
to the cyto-genotoxicity of the downstream water as 
toxic substances could be concentrated due to surface 
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evaporation of the water during dry weather. The results 
imply that water quality of the Dandugan Oya with 
respect to cyto-genotoxic contaminations need to be 
improved considering the potential impacts on human 
and ecosystem health under chronic exposure. Inclusion 
of suitable bioassays in water quality monitoring 
programmes supplementary to the conventional 
monitoring methods could alert cyto-genotoxic impacts 
in surface waters.

References

1.	 American Public Health Association (APHA) (1998). 
Standard Methods for the Examination of Water and 
Wastewater, 20th edition, pp. 1220. American Public Health 
Association, Washington DC, USA.

2.	 Anonymous (2008). The Gazette of the Democratic 
Socialistic Republic of Sri Lanka (Extraordinary) No 
1534/18: National Environmental (Protection and Quality) 
Regulations, No. 1 of 2008.

3.	 Bandara N.J. (2003). Water and wastewater related issues 
in Sri Lanka. Water Science and Technology 47(12): 305 − 
312.

4.	 Barbosa J.S., Cabral T.M., Ferreira D.N., Agnez-Lima 
L.F. & Batistuzzo de Medeiros S.R. (2010). Genotoxicity 
assessment in aquatic environment impacted by the presence 
of heavy metals. Ecotoxicology and Environmental Safety 
73: 320 − 325.

	 DOI: http://dx.doi.org/10.1016/j.ecoenv.2009.10.008
5.	 Chandra S., Chauhan L.K.S., Murthy R.C., Saxena 

P.N., Pande P.N. & Gupta S.K. (2005). Comparative 
biomonitoring of leachates from hazardous solid waste 
of two industries using Allium test. Science of the Total 
Environment 347: 46 − 52.

	 DOI: http://dx.doi.org/10.1016/j.scitotenv.2005.01.002
6.	 Claxton L.D., Houk V.S. & Hughes T.J. (1998). Mini 

review-genotoxicity of industrial wastes and effluents. 
Mutation Research 410: 237 – 243.

7.	 Fernandes T.C.C., Mazzeo D.E.C. & Marin-Morales 
M.A. (2007). Mechanism of micronuclei formation in 
polyploidizated cells of Allium cepa exposed to trifluralin 
herbicide. Pesticide Biochemistry and Physiology 88(3): 
252 – 259.

	 DOI: http://dx.doi.org/10.1016/j.pestbp.2006.12.003
8.	 Fiskesjo G. (1985). The Allium test as a standard in 

environmental monitoring. Hereditas 102(1): 99 – 112.
	 DOI: http://dx.doi.org/10.1111/j.1601-5223.1985.tb00471.x
9.	 Fiskesjo G. (1988). The Allium test - an alternative in 

environmental studies: the relative toxicity of metal ions. 
Mutation Research 197: 243 – 260.

10.	Grant W.F. (1982). Chromosome aberration assays in 
Allium. a report of the U.S. Environmental Protection 
Agency Gene-Tox Programme. Mutation Research 99: 
273 – 291.

11.	Hemachandra C.K. & Pathiratne A. (2015). Assessing 
toxicity of copper, cadmium and chromium levels relevant 
to discharge limits of industrial effluents into surface waters 

using common onion, Allium cepa bioassay. Bulletin of 
Environmental Contamination and Toxicology 94(2): 
199 – 203.

	 DOI: http://dx.doi.org/10.1007/s00128-014-1373-8
12.	Herrero O., Martin J.M.P, Freire P.F., Lopez L.C., Peropadre 

A. & Hazen M.J. (2012). Toxicological evaluation of three 
contaminants of emerging concern by use of the Allium 
cepa test. Mutation Research 743: 20 – 24.

	 DOI: http://dx.doi.org/10.1016/j.mrgentox.2011.12.028
13.	Leme D.M. & Marin-Morales M.A. (2009). Allium cepa test 

in environmental monitoring: a review on its application. 
Mutation Research 682: 71 – 81.

	 DOI: http://dx.doi.org/10.1016/j.mrrev.2009.06.002
14.	Liman R., Cigerci I.H., Akyil D., Eren Y. & Konuk M. 

(2011). Determination of genotoxicity of fenaminosulf 
by Allium and comet tests. Pesticide Biochemistry and 
Physiology 99: 61 – 64.

	 DOI: http://dx.doi.org/10.1016/j.pestbp.2010.10.006
15.	Ma T.H., Xu Z., Xu C., McConnell H., Rabago E.V., Arreola 

G.A. & Zhang H. (1995). The improved Allium/Vicia root 
tip micronucleus assay for clastogenicity of environmental 
pollutants. Mutation Research 334: 185 – 195.

16.	Masood F. & Malik A. (2013) Cytotoxic and genotoxic 
potential of tannery waste contaminated soils. Science of 
the Total Environment 444: 153 – 160.

	 DOI: http://dx.doi.org/10.1016/j.scitotenv.2012.11.049
17.	Ohe T., Watanabe T. & Wakabayashi K. (2004). Mutagens 

in surface waters: a review. Mutation Research 567: 
109 – 149.

	 DOI: http://dx.doi.org/10.1016/j.mrrev.2004.08.003
18.	Radic S., Stipanicev D., Vujcic V., Rajcic M.M., Sirac S. & 

Pevalek-Kozlina B. (2010). The evaluation of surface and 
wastewater genotoxicity using the Allium cepa test. Science 
of the Total Environment 408: 1228 – 1233.

	 DOI: http://dx.doi.org/10.1016/j.scitotenv.2009.11.055
19.	Rank J. & Nielsen M.H. (1993). A modified Allium test as a 

tool in the screening of genotoxicity of complex mixtures. 
Hereditas 118: 49 – 53.

	 DOI: http://dx.doi.org/10.1111/j.1601-5223.1993.t01-3-
00049.x

20.	Russel P.J. (2002). Chromosomal mutation. Genetics (ed. 
B. Cummings), pp. 595 – 621. Pearson Education Inc., San 
Francisco, USA.

21.	Siddiqui A.H., Tabrez S. & Ahmad M. (2011). Validation 
of plant based bioassays for the toxicity testing of Indian 
waters. Environment Monitoring and Assessment 179: 
241 – 253.

	 DOI: http://dx.doi.org/10.1007/s10661-010-1732-9
22.	Smaka-Kincl V., Stegnar P., Lovka M. & Toman M.J. 

(1996). The evaluation of waste, surface and ground water 
quality using the Allium test procedure. Mutation Research 
368: 171 – 179.

23.	Sri Lanka Standards (SLS) (1985). Tolerance Limits for 
Inland Surface Waters for Use as Raw Water for Public 
Water Supply, SLS 722: 1985.

24.	Türkoğlu S. (2012). Determination of genotoxic effects of 
chlorfenvinphos and fenbuconazole in Allium cepa root 



Toxicity of industrial wastewaters		  163

Journal of the National Science Foundation of Sri Lanka 43(2)	 June 2015

cells by mitotic activity, chromosomal aberration, DNA 
content and comet assay. Pesticide Biochemistry and 
Physiology 103: 224 – 230.

	 DOI: http://dx.doi.org/10.1016/j.pestbp.2012.06.001
25.	Vidakovic-Cifrek Z., Pavlica M., Regula I. & Papes D. 

(2002). Cytogenetic damage in Shallot (Allium cepa) root 
meristems induced by oil industry “high-density brines”. 
Archives of Environmental Contamination and Toxicology 
43: 284 – 291.

	 DOI: http://dx.doi.org/10.1007/s00244-002-1223-2
26.	Yildiz M., Cigerci I.H., Konuk M., Fidan A.F. & Terzi 

H. (2009). Determination of genotoxic effects of copper 
sulphate and cobalt chloride in Allium cepa root cells by 
chromosome aberration and comet assays. Chemosphere 
75: 934 – 938.

	 DOI: http://dx.doi.org/10.1016/j.chemosphere.2009.01.023
27.	Zar J.H. (1999). Biostatistical Analysis, 4th edition, pp. 663. 

Prentice Hall, New Jersey, USA.


