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ABSTRACT

Genotoxicity

Cyto-genotoxicity of hospital effluents collected from sewage treatment plant of SKIMS, was
investigated using USEPA recommended Allium cepa test. Heterogeneous samples of both untreated
and treated effluents were collected from the STP twice a day for three months and designated as
complex mixture. Before measuring the root length of the onion bulbs, A. cepa plants were exposed to
25%, 50% and 100% concentrations for both untreated and treated effluent samples in the dark for
72hrs. Significant results were observed in the root length evaluation and chromosomal aberration
evaluation tests. Untreated effluent seems to be the most toxic on the root length of the A.cepa than
treated samples. The lowest mean root length of onion bulbs was observed in untreated samples at 100%
concentration which is found to be 0.61±0.28, 0.95±0.21 and 1.16± 0.43 cm for first, second and third
day respectively. Untreated sample from STP of SKIMS at 100% concentration gave the lowest mitotic
index (MI) value of 4.56±1.44 while as 50% and 25% concentration shows MI values of 16.32±2.09 and
27.08±6.07 respectively. Likewise, treated samples show mitotic index (MI) values of 18.2±4.65,
3.96±5.54 and 2.01±2.91 at 25%, 50% and 100%. The squash preparations from root tip cells of treated
A. cepa bulbs revealed different types of chromosomal aberrations such as metaphase stickiness,
chromosomal breaks, c-mitosis, anaphase bridges and anaphase stickiness, indicating environmental
toxicity risk. The treated effluent samples were found to be less genotoxic and cytotoxic, thus inferring
that genotoxicity is reduced after the treatment process and A. cepa test has proved to be an effective
tool in monitoring hospital effluents before beingdischarged into the environment.
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1 Introduction
Hospital effluents contain huge amounts of hazardous substances,
such as un-metabolized pharmaceuticals, disinfectants, active
substances, pigments, coloring agents, and radioactive elements,
due to laboratory and research activities (Kummerer, 2001;
Verlicchi et al., 2010; Stringer, 2011). It was reported that live
organisms exposed to environmental agents have the ability to
stimulate chromosomal changes which results in the growth of
cancerous cells and finally lead to cell death. Hence, it is important
to identify these toxic products and study their effects on animal,
plant and particularly human population (Costa & Menk, 2000;
Silva et al., 2003; Paz et al., 2006).
The amount of wastewater generated by hospitals is estimated by
water utilization. Waste waters produced by hospitals depends
mostly on factors such as the type of hospital services provided,
bed number, water accessibility, climatic conditions, level of
health care facilities and local water-use practices (WHO, 2013).
Based upon the given factors, the amount of wastewater produced
by hospitals differs from hospital to hospital but it has been
estimated at 400 to 1200 L bed-1day-1 (Ibeh & Omoruyi, 2011
).Similarly, Tsakona et al., (2006) revealed an approximation on
per capita production of wastewater in hospitals to be 1000
liters/person/day. In some countries like Japan, China, Greece, US,
wastewater discharged from big hospitals is pretreated on-site
(Pauwels & Verstraete, 2006; Kosma et al., 2010; Liu et al., 2010),
while as in many developing countries including India, most of the
hospital wastewater is discharged in public sewers or in surface
water courses or percolates into underlying groundwater aquifers
with no or only partial treatment (Gupta et al., 2009).
Several chemical substances present in hospital effluents resist
normal wastewater treatment. Residues of pharmaceuticals can be
found in all wastewater treatment plant (WWTP) efﬂuent, due to
their inefficient removal in the conventional systems (Kümmerer,
2001; Kolpin et al., 2002; Petrovic et al., 2003; Snyder et al., 2003;
Carballa et al., 2004).They end up in surface waters where they can
influence the aquatic ecosystem and may accumulate through the
food chain. Indeed, some of the substances found in wastewaters
are genotoxic and are suspected to be a possible contributor to
certain cancers observed in last decades (Jolibois & Guerbet,
2006). For example, some drugs like cytostatic agents are
genotoxic (Bassi & Moretton, 2003).
Looking at greater significance of the problem, several researches
have been carried out in the past few years to evaluate the
genotoxicity of hospital effluents (Jolibois & Guerbet, 2006; Ferk
et al., 2009; Gupta et al., 2009; Alabi & Shokunbi, 2011). While
Magdaleno et al. (2014), investigating the toxicity and genotoxicity
of wastewaters from the public hospital of Buenos Aires
(Argentina), showed that 40% of the samples were genotoxic
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against A. cepa. Similarly, the genotoxicity assessment of
wastewater from Hospital San Martín was evaluated by using A.
cepa test. The results showed that the samples which were
collected in summer 2003 and autumn 2004 were genotoxic and
non-genotoxic to A. cepa respectively (Paz et al., 2006). In another
study, the A. cepa test was used to evaluate the genotoxicity of a
hospital effluent in Santa Maria, Rio Grande DoSul State, Brazil
(Guerra & Lopes, 2002). The chromosomal aberrations such as
anaphasic bridges and micronucleus during telophase were
observed, which indicated the environmental toxicity risk of
hospital effluents.
Plants are essential components of the ecosystem and are, in
general, more susceptible to ecological stress than other systems
(Silva et al., 2003). A. cepa is one of the mostly used plant species
in determining cytotoxicity and genotoxicity tests, particularly
when monitoring environmental effluents. The mitotic index and
replication index are used as indicators of cell proliferation
(Gadano et al., 2002), which can be assessed using A. cepa test. In
this study, A, cepa test was used to compare the genotoxicity and
cytotoxicity of untreated and treated effluent discharge of SKIMS
located in Srinagar, Jammu and Kashmir and thus analyzing the
efficacy of the sewage treatment plant (STP) of the said hospital.
2 Material and Methods
The assays were carried out at the Cytogenetics and Molecular
Plant laboratory–Center of research for development, university
of Kashmir, India. The samples were collected both before and
after treatment from the sewage treatment plant at SKIMS,
Srinagar, Jammu and Kashmir, India. Untreated sample was taken
from the main sewer of the hospital, where the entire wastewater
from the hospital is collected before being treated. Treated
wastewater was collected from the outlet of the treatment plant.
Samples from SKIMS were collected twice daily for three months
during its maximum activity period (usually 8:00am-6:00pm). The
samples were carried to the laboratory and were ﬁltered and
acidiﬁed immediately. Until tested, the samples were stored at 4°C.
To estimate the root length or growth inhibition, the A. cepa bulbs
were treated directly to control (tap water) and then in to 25%,
50% and 100% v/v (hospital effluent/tap water) of each STP
sample. Three A.cepa bulbs were utilized for each concentration of
the hospital waste water samples and the control.
The samples were then tested for their mutagenic and cytotoxic
potential in their crude state without being concentrated. The
experiment was carried out according to Fiskejo (1993), with slight
modiﬁcations. For the A. cepa test, three groups each with three
bulbs were placed into hospital effluent at 25%, 50% and 100%
concentration. The onion bulbs were allowed to grow for 72 hrs
in the distinct samples, where the control group remained in distilled

50

water. When exposed roots have grown to a length of 1.5 cm,
about 0.5cm of their tips was collected after 72 hrs and
immediately ﬁxed in aceto: alcohol (1:3) for 20 minutes. The roots
were transferred to 70% ethyl-alcohol and stored in refrigerator. A
solution of 45% acetic acid (9 parts) and 1M HCl(1 part) was used
for hydrolysis and maceration. The staining of the chromosomes
was carried out with 2% carmine in 45% acetic acid (Pauwels &
Verstraete, 2006). After removing the root caps from well stained
root tips, 1mm of the meristematic or mitotic zones were immersed
in a drop of 45% acetic acid on a clean slide and were submitted to
squashing technique (Guerra & Lopes, 2002). Examination of
slides was done for determining mitotic index and chromosomal
aberrations for each concentration and control. The slides were
then observed under 1000x oil immersion light microscope and
suitable pictures were captured as shown in Figure 1 (A-E). In case
of each treatment five slides were prepared for each concentration
and 500 cells were considered per slide. For statistical analysis, the
ANOVA (one way) was carried out with SPSS computer
programme significant at p<0.05.The data value was expressed as
mean with ± standard deviation (SD) for mitotic index and
chromosomal aberrations and root inhibition test was expressed as
mean with ± standard error.
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3 Results
In this study, Allium cepa test was used to calculate the
cytotoxicity and genotoxicity of the hospital effluent at SKIMS,
Srinagar. The STP of SKIMS treats 25 lac litres of waste water per
day which is operated and monitored by the sanitation and
engineering department of the hospital. All undiluted waste
samples showed cytotoxicity as well as genotoxicity, which was
proved by cytogenetic parameters such as high inhibition of
mitotic activity or low mitotic index (MI) values and high
percentage of chromosomal and genomic aberrations. The mean
root length of A. cepa grown at different concentrations of
untreated and treated hospital samples are presented in Table 1.
The mean root length of onion bulbs grown in 100% concentration
of untreated effluent of SKIMS was 0.61±0.28, 0.95± 0.21 and
1.16± 0.43 cm for first, second and third day respectively. Similar
growth pattern was observed at 25% and 50% concentration of
untreated effluent samples of SKIMS sewage treatment plant.
Similarly, the mean root length of onion bulbs grown in treated
effluent at 100% concentration was 1.6±0.3, 1.71±0.12 and
1.90±0.05 cm for day 1, 2 and 3rd respectively. While those grown
in 50% and 25% concentration of treated samples show increase in
mean root length observed after 1, 2 and 3 rd day. The study
revealed that untreated effluents observed to be most toxic than
treated effluents of STP of SKIMS. It shows that some sort of
toxicity is reduced in hospital effluents after treatment into STP. At
95% confidence level (p value≤0.05), it was observed that the root
growth inhibition was statistically significant for untreated effluent
samples at 25%, 50% and 100% while as treated effluents at 50%
and 100% throughout the three days compared to the control.
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Figure 1 Chromosomal aberrations and their types observed in A.
cepa meristematic cells exposed to different concentration of
hospital effluent
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Table 1 MRL of A. cepa grown in different concentrations of the untreated and treated effluents of STP at SKIMS

Sample site

Conc.

Control

TW
25%

SKIMS (untreated)

SKIMS
(treated)

MRL+SD(cm)
Day 2

MRL+SD(cm)
Day 3

2.00±0.21

3.1±0.15

4.1±0.12

MRL+SD(cm)Day 1

1.00±0.00*

1.43±0.35*

2.16±0.56*

50%

0.90±0.1*

1.36±0.30*

1.73±0.15*

100%

0.61±0.28**

0.95± 0.2*1

1.16± 0.43*

25%

2.0±0.1

2.4±0.1

2.66±0.15

50%

1.91±0.07

2.23±0.15*

2.30±0.15*

100%

1.6±0.3*

1.71±0.12*

1.90±0.05*

*P≤0.05 level of significance of root growth inhibition as compared with the controls, Values are expressed in Means Root length ± Standard
deviation

Table 2: MI and CA induced in mitotic cells of A. cepa cells at different concentrations of untreated
and treated hospital effluents of STP at SKIMS
Sample site
Control
SKIMS
(untreated)

SKIMS
(Treated)

Conc.

Dividing
cells

MI

CB

MS

AB

CM

AS

Total
abnormal-ity

% of total
abnormality

TW

165.0

33.0±2.97

0.0

0.2

0.2

0.0

0.2

0.6

0.12±0.54

25%

135.4

27.08±6.07*

3.4

3.4

4.8

4.6

4.6

20.8

4.16±5.06

50%

81.6

16.32±2.09

5.4

6.2

6.8

6.8

6.0

31.6

6.32±6.42*

100%

22.8

4.56±1.44**

8.8

10.0

8.0

8.0

7.8

41.4

8.28±5.50*

25%

148.2

29.64±2.26

1.6

1.4

2.6

2.0

2.4

10.0

2.01±2.91

50%

127.2

25.44±2.33*

3.2

3.6

4.6

4.6

3.8

19.8

3.96±5.54*

100%

91.0

18.2±4.65

7.8

8.2

5.0

5.6

5.4

32.0

6.4±4.30**

Data in the table is expressed as mean ± SD; The Allium cepa bulbs were placed for 72 h in water (control) and hospital effluent samples
The total number of cells analyzed for each treatment and control was 2500; Treatment time: Control = 72hrs, TW: Tap water,M1: Mitotic
index, CA: Chromosomal Abnormalities, CB: Chromosomal break, MS: Metaphase stickiness, AB: Anaphase bridge, CM: C-mitosis, AS:
Anaphase stickiness; Level of significance:* significant,**highly significant

Table 2 showed the mitotic index (MI) of the onion bulbs of both
untreated and treated effluents at different concentrations collected
from STP of SKIMS treated. There was a reduction in the MI with
corresponding increase in the concentration of both untreated and
treated hospital effluents when compared to the MI value of the
control 33.0±2.97. Untreated sample from STP of SKIMS at 100%
concentration gave the lowest MI value of 4.56±1.44 while as 50%
and 25% concentration shows MI values of 16.32±2.09 and
27.08±6.07 respectively. Likewise, treated samples show MI
values of 18.2±4.65, 3.96±5.54 and 2.01±2.91 at 25%, 50% and
100% concentration respectively.
Table 2 also revealed most frequent type of chromosomal
aberrations that were observed in the meristematic cells both in
untreated and treated effluents from SKIMS sewage treatment
plant. The observed aberrations were anaphase stickiness
metaphase stickiness, chromosome breaks, c-mitosis and anaphase
bridges. The aberrations in untreated samples of SKIMS was found
to be greater in number than treated samples of sewage treatment
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plant. More frequent type of chromosomal aberrations was
metaphase stickiness followed by anaphase bridges and anaphase
stickiness in both untreated and treated samples of STP.
4 Discussion
In general, most of the onion bulbs exposed to different
concentrations of the hospital effluent samples collected from
sewage treatment plant of SKIMS, showed growth retardation
when compared to the control (tap water). Specifically, the mean
root lengths (MRL) of the onion bulbs cultivated in different
concentrations of hospital effluents were in decreasing order as the
concentration increases. The root tips of A. cepa treated in the
hospital effluents were characterized by few distinct deformations
such as swollen, twisted and crotchet roots when compared to
control. The induction of root malformation in A. cepa has been
proven to be positive indicator of toxicity (Silva et al., 2003;
Bagatini et al., 2009).
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A considerable reduction in mitotic index and increase in
chromosomal abnormalities were observed with increase in the
concentration of hospital effluents both in untreated and treated
samples. Whenever CA occurred, there are more or less distinct
growth restrictions (Gadano et al., 2002). The reduction in the
mitotic index with rising concentrations of the effluents is an
indication of cytotoxicity (Rank & Nielsen, 1993). Decrease of MI
below 22% with respect to the control can cause deadly effects on
the organisms. The decrease in mitotic index may be due to
inhibition of DNA synthesis (Babatunde & Bakare, 2006; Bakare
et al., 2009) or blocking of cell at some stage of cell cycle
(Olorunfemi & Ehwre, 2010).
The chromosomal abnormalities such as stickiness, bridges, and
laggards are some of the indications of genotoxicity (Olorunfemi et
al., 2011). Table 2 shows most frequent type of chromosomal
aberrations that were observed in the meristematic cells both in
untreated and treated samples of sewage treatment plant of
SKIMS. The observed aberrations were anaphase stickiness
(Figure 1A), metaphase stickiness (Figure 1E), chromosomal
breaks (Figure 1B), c-mitosis (Figure 1D) and anaphasic bridges
(Figure 1C). The most commonly CA observed were bridges and
sticky chromosomes. The large number of sticky chromosomes at
anaphase and metaphase stages shows that the hospital waste water
contains poisonous substances. Sticky chromosome is an indicator
of poisoned chromosomes with sticky surface which possibly lead
to death of cells (Antonise-Wiez, 1990). The stickiness may also
arise due to disturbed metabolism of nucleic acid (Sudhakar et al.,
2001). The anaphase bridges which were also seen as frequent type
of aberration are formed mostly by breakage of chromosomes and
such anomaly is also an indication of mutagenic events in the cell
(Schneiderman et al., 1971). Another aberration, c-mitosis was
observed which indicates the inhibition of spindle formation. It
was reported that occurrence of c-mitosis is a sign of microtubule
poison (Van’t Hof, 1968) and chromosomal breaks may be due to
clastogenicaction of the substance on DNA.
Comparing the results of untreated and treated effluents of sewage
treatment plant of SKIMS, it was analyzed that the total
abnormality and inhibition of cell division was high at higher
concentration both in untreated and treated effluents. This clearly
demonstrates the presence of certain cytotoxic and genotoxic
compounds in the hospital effluent. It was also confirmed that
untreated samples shows more genotoxicity than treated samples
which clearly indicate that the toxic and mutagenic substances
were present in bulk quantity in untreated samples. Although the
toxicity is reduced to a great extend but the results shows some sort
of chromosomal aberrations in treated samples.
The study demonstrates that the remaining cytotoxicity and
genotoxicity reinforces the concept that the sewage treatment plant
(STP) has crossed its utmost limit. The results warned about the
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necessity to develop efficient treatment methods to mitigate the
environmental impacts of hospital effluents before the humans and
other organisms can be exposed to these toxic substances.
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