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Abstract

In the present study, we evaluated the DNA damage of freshwater copepod Mesocyclops aspericornis collected
from Chembarambakkam, Velachery and Retteri Lake during Premonsoon(PRM) and Post-monsoon (POM) by alkaline
comet assay. The highest DNA integrity was observed at Velachery Lake (21.52 + 0.31 Mean % Tail DNA) followed
by Retteri Lake (13.84 + 0.019 Mean % Tail DNA) during both season, whereas the lowest DNA integrity occurred at
Chembarambakkam (0.16 + 0.14 Mean % Tail) and identified as the reference site. The single cell gel electrophoresis
of M. aspericornis clearly showed relatively higher olive tail moment from the contaminated sites Velachery and Retteri
Lake (4.66 + 0.055; 1.42 + 0.12). During study period we observed the lowest pH and dissolved oxygen levels in the
contaminated sites than the reference site. Moreover high level of genotoxic contaminants especially heavy metals
(Zn, Cr, Mn, Pd, Ni, Cu, Co) are widespread in all sites, which could be mainly attributed to the high integrity of DNA in
freshwater copepod. The results obtained in this study provide an early warning signal of contamination of the freshwater

bodies of Chennai by genotoxic contaminants and explore the importance to conservation of those water bodies.

Keywords: Mesocyclops aspericornis; Heavy metal; Physicochemical
parameters; DNA damage

Introduction

Nowadays, water pollution is a worldwide issue due to the increasing
input of genotoxic agents into aquatic environment and water pollution
has currently focused on notice on the evaluation of the cause of
genotoxic agents to organisms and ecosystems [1].

Currently, aquaculture has become a raising vital part of the world
economy. Copepods play most important roles in pond ecosystems,
serving as food for small fish, Micropredators of fish and other
organisms, Fish parasites, Intermediate hosts of fish parasites, hosts
and vectors of human diseases. Copepods of the order Cyclopoida are
the major food items in freshwater aquaculture and copepod nauplii
are particularly valuable for feeding fry. Copepods used as natural
food are either cultured or collected from natural water bodies. Adult
copepodid stages of cyclopoids are predators to control the Mosquito
larvae. Finally, copepods serve as intermediate hosts for parasites that
infect humans and can serve as vectors of serious human diseases like
cholera [2,3].

The first step in monitoring the water quality has a high priority
for the determination of current conditions and long term trends in
effective management. Though, alertness and alarm thresholds of these
parameters only concern the toxic things of the polluting substances
studied and do not take into thought the question of chronic exposure
at low doses of noxious chemicals, commonly present in complex
mixtures [3].

The environment affected by the metals is of particular concern,
due to the anthropogenic activities [4]. In recent years, heavy metal
pollution accumulated in water bodies has fascinated the attention of
the scientific community not only from the perspective of public health
as related to water supplies, but also for the damage caused to aquatic
life. These heavy metals are introduced in the aquatic system from both
natural and anthropogenic sources. The contamination of copepods
by heavy metals can much affect other freshwater organisms or even
human beings through food chains accumulation and transfer [5].

Genetic approaches suggest powerful tools to investigate the
modern status of populations, deduce the history of population
changes and expecting future population direction [6] on living

organisms, which have a response to genotoxicants, DNA damage due
to genotoxicants experience in aquatic environment, can be used as a
biological indicators or biomarkers [7]. They suggest the opportunity of
genotoxicant assessment into aquatic environment and currently using
them to evaluate ecosystem or organism health is a popular concept
[8]. Even though, DNA damages as biomarkers do not disclose specific
response of genotoxicants; at rest it is useful on the ecotoxicological
measurement since it help as an early warning system [9] that determines
the bioavailability and the effect of genotoxicants. At present, there is
much attention in resolute the level of DNA strand breakage (SB) as a
perceptive indicator of genotoxicity [10].

The aim of the present study was to estimate the DNA integrity in
Freshwater copepod collected from three sites: two lakes being partially
polluted with metals due to anthropogenic activities (Velachery Lake
and Retteri Lake) and the other less polluted freshwater was used as a
reference site (Chembarambakkam Lake). The above three lakes are an
important freshwater bodies of Chennai. The water of the lakes used for
drinking, irrigation and aquaculture practices. In order to understand
the effect of seasonal variation, sampling was conducted during Pre-
monsoon (PRM), and Post-monsoon (POM) of the year of 2016. The
results give baseline information for overall management of the water
bodies, which very much influenced the life and socioeconomic disaster
especially to the local population. The work is useful to know the causes
of various sources, which influence the quality of water.

Materials and Methods
Metal analysis in water and plankton

Samples were collected during Premonsoon and Postmonsoon of
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2016. The locations selected for the investigation were from Chennai
at sampling points of area names as shown in Figure 1. Before the
collection of samples, each bottle was first rinsed with sample for pre-
concentration. Heavy metals in water and plankton were extracted with
conc. HNO3 and preserved in a refrigerator till analysis for Cr, Ni,
Co Zn, Mn, Pb, Cu, and Fe [11]. The samples were analysed for these
selected heavy metals through atomic absorption spectrophotometer.
Determination of Copepod was done (Figure 2) [12,13].

Water chemistry

The Physico chemical properties at both sampling sites were assessed
using standard methods [14]. Water temperature and pH was measured
in site using Mercury Thermometer and pH Meter. Other parameter
like Dissolved Oxygen was measured in the laboratory.

The alkaline comet assay

To know the species variability in DNA damage, the copepod M.
aspericornis was selected as they are the most abundant species available
atall three sites during each sampling season. All the copepod samples for
comet assay were brought to the laboratory immediately after collection
in ambient water with calm aeration. The target copepod species were
sorted under a stereo zoom microscope and processed additional for
comet assay. At least 100 copepods of each species were washed with
double distilled water (in order to remove bacteria, protozoa and algae),
collected in Eppendorf tubes and weighed. Suspension of cells was
prepared by crushing the animals using a Teflon mini homogenizer for

India

Figure 1: Images showing different sampling locations of study area
(A) Chembarambakkam Lake (B) Velachery Lake (C) Retteri Lake.

Figure 2: Images showing Copepod (Mesocyclops aspericornis).

mechanical disintegration. A suspension of cells was obtained and the
viability of the cells was checked routinely using trypan blue reagent
(100 cells were counted per sample). Cell suspensions were immediately
processed for the alkaline comet assay. The comet assay was performed
according to [6] with slight modification. All preparatory steps were
performed under dim light to avoid additional DNA damage. For each
sample, three slides were arranged and observed under Nikon E200
epi-fluorescence microscope (magnification 400X) with an excitation
filter of 510-560 nm. Comets were accidentally captured at the same
depth of the gel. The edges of the gel, rare dead cells, cells near or in
an attentive air bubble and superimposed comets were avoided. Images
of 100 selected cells (30 cells from each slide) were analyzed for each
sample. Cells were categorized for grade of damage (using % of tail
DNA) based on the criteria grade of damage was categorized as: zero to
minimal <5%, low damage <5-20%, moderate damage <20-40%, high
damage <40-75% and extreme damage <75-100%.

Statistical analysis

All data are presented as means + SD. The parameters chosen for
the quantification of DNA damage were: mean % Head DNA, mean %
Tail DNA and Olive tail moment as calculated by the CASP software.

Results

Metal analysis in water

Metals enter the aquatic environment through erosion of the
geological matrix, or due to various anthropogenic activities that are
caused by industrial effluents, domestic sewage, and mining wastes. The
concentrations of dissolved heavy metals in the water samples from
each lake between different seasons are shown in Figures 3 and 4. The
mean concentrations of the measured metals in water was found to
be in the following sequence; Zn>Cr>Mn>Pb>Cu>Fe>Ni>Co. All the
metals attained their maximum levels at Lake Velachery followed by
Retteri and Chembarambakkam Lake was received least values.

The highest concentrations of Zinc were observed in the Velachery
and Retteri Lake (0.28 + 0.02 and 0.25 + 0.01 mg/L) during POM when
compared to the Reference site Chembarambakkam Lake (0.06 + 0.0
mg/L). The concentration of chromium showed 0.26 + 0.03 and 0.25
+ 0.02 mg/L respectively on Velachery and Retteri Lake, which was
relatively higher than the reference site (0.01 + 0.01 mg/L). Similarly, we
have observed the high concentration of other metals such as Mn, Pb,
Cu, Fe, Ni, Co in the series of Velachery>Retteri > Chembarambakkam.

Metal analysis in Plankton

The metal concentrations in Plankton are closely associated with
metal content of water in the three Lakes and detected in the following
order: Zn>Cr>Mn>Pb>Cu>Fe> Ni>Co. This may be attributed to the
abundance of these metals in water by the same pattern. The mean
concentration of Zn, Cr and Mn (2.66 + 0.01, 1.16 + 0.12, 0.93 + 0.03
mg/g,) are higher at Velachery Lake and Retteri Lake (1.75 * 0.02, 0.65
+0.01, 0.56 + 0.02 mg/g) during the POM samples. Likewise, maximum
concentration of all other metals is recorded in Velachery and Retteri
lake than Chembarambakkam lake during POM and PRM season 2016
(Figures 5 and 6).

Physico chemical characteristics

The variations of Physico chemical parameters in the surface water
(pH, DO and Temperature) from each sampling sites during the two
seasons are reproduced in the Table 1. The Highest temperature was
observed at (avg. 32°C) followed by Retteri (avg. 30°C) and Velachery
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Figure 3: Distribution of Heavy metals in surface water during
Premonsoon 2016 at various sampling sites. All the results represented
as mean = SD.
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Figure 4: Distribution of Heavy metals in surface water during
Postmonsoon 2016 at various sampling sites. All the results represented
as mean = SD.
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Figure 5: Distribution of Heavy metals in copepod (M. aspericornis)
at various sampling sites during premonsoon 2016. All the results
represented as mean + SD.

(avg. 29°C) during Pre monsoon. The same trend was observed during
Post monsoon itself. The pH of different lakes ranged between 7.3 to
8.1. The low pH was noticed in Velachery (7.3) and Retteri (7.5) than
the Chembarambakkam Lake (8.1) during both seasons. The range
of DO was varied from 4.03 to 6.36 mg/L. The high level of DO was
observed at Retteri followed by Velachery and Chembarambakkam.

The alkaline comet assay

The DNA integrity of freshwater copepod was evaluated by alkaline
comet assay. The results shown in Table 2 clearly illustrated that the
extend of DNA damage in freshwater copepod in terms of variation
in different parameters such as Mean % head, Mean % Tail and Mean
Olive Tail moment of the comets of the cells from various sampling
sites during the PRM and POM seasons 2016.

High level of DNA integrity was observed from the samples of
Velachery and Retteri Lake during both season, where as the most
striking point of observation was found in POM season at Velachery
lake (21.52 + 0.31% Tail DNA) and Retteri lake (13.84 + 0.019 %Tail
DNA). Interestingly DNA integrity in M. aspericornis was found to be
relatively quite low at Chembarambakkam Lake (0.35 + 0.31 % Tail
DNA) during the study period.

Discussion

Genotoxic pollutants in the freshwater environment are mounting
at disturbing rate, thereby stressing the need for rapid and accurate
monitoring of genotoxicity in aquatic organisms. Known that copepod
is a biomarker against genotoxic contaminants because they act as
primary consumers in freshwater ecosystems and it is vulnerable to
various environmental contaminants by uptake from the dissolved
phase as well as from food sources [15] only a few studies have been
carried out on impact of genotoxic contaminants in freshwater
zooplankton [6]. The present study provides preliminary data of DNA
integrity in Freshwater copepods (M. aspericornis) that are affected by
varying water quality parameter particularly heavy metal.

In our results, high concentration of all the metals was observed
at Velachery and Retteri Lake than the reference site. The important
reason behind that, this region receiving enormous quantities of
sewage waste from nearby areas. Chembarambakkam Lake appeared
to be the cleanest because this region away from the cities and did not
receives any pollutants. The highest level of metals in the water was
found during POM, while the lowest values occurred during PRM.
These seasonal variations may be due to the fluctuation of the amount
of agricultural drainage water and sewage effluents discharged into the
lake [16].

The concentration of Cr, Mnand Zn are higher during post monsoon
at both surface water and Planktons at all the sampling sites. The high
concentration of these metals in the surface water and Planktons may
have unfavorable impact to the slum population living nearby as they
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Figure 6: Distribution of Heavy metals in copepod M. aspericornis
at various sampling sites during Postmonsoon 2016. All the results
represented as mean + SD.
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Chembarambakkam Velachery Retteri
Parameters Premonsoon Postmonsoon Premonsoon Postmonsoon Premonsoon Postmonsoon
Temperature (°C) 32°C 29°C 29°C 26°C 30°C 27°C
pH 8.1 8.1 74 7.3 75 7.5
Dissolved Oxygen (mg/L) 4.03 4.03 4.05 6.25 4.06 6.36
Table 1: Variation of physico-chemical characteristics in the freshwater bodies at different season.
Chembarambakkam Velachery Retteri
Parameters Premonsoon Postmonsoon Premonsoon Postmonsoon Premonsoon Postmonsoon
Mean% Head DNA 99.83+0.14 99.88 +0.13 81.27 £ 0.27 78.47 £ 0.31 89.27 £ 0.15 86.17 £ 0.01
Mean% Tail DNA 0.16 £ 0.14 0.35+0.31 18.92 + 0.06 21.52+0.31 10.48 £ 0.23 13.84 £ 0.02
Olive Tail Movement 0.05 +0.05 0.03 +0.05 6.21+£0.21 4.66 + 0.06 0.60 + 0.01 1.42+0.12

Table 2: Alkaline comet assay on Copepod (M. aspericornis) collected in the Lake Velachery, Retteri and Chembarambakkam Lake during pre and post monsoon
seasons. All the results represented as mean + SD.

are using this water for bathing and laundry (Environment Agency).
Zn is present in large amount in natural water and next to Fe in terms
of concentrations in this study. Zn level is evocative of the influence
of refuse dump and domestic sewage sources. This suggests the strong
anthropogenic influence due to urbanization within the catchments of
waterbodies of Chennai. Kahle and Zauke [17] who reported that high
level of chromium and copper pollutions has the main reason for the
loss of aquatic biota in the river of “Fez and Sebou” in the region of Fez
(Morocco).

Fe is an important metal in both plants and animals particularly
in the cellular process [18]. The insoluble Fe** is reduced to soluble
Fe** in water by bacterial reduction. Fe is found in natural fresh and
groundwater, but have no health based guideline value. Concentration
of the Fe of studied water samples ranging from 0.01 + 0.05 to 0.02
+ 0.04 According to Koukal et al. [19] we have noticed minimum
concentration of Fe at all sampling sites. Pb is potentially dangerous
to life in different forms owing to toxicity [20]. According to WHO
[21] the standard value of Pb is 0.05 mg/L in the aquatic environment.
In our study, we have observed the high concentration of Pb values
than the BIS standard at Velachery (Both seasons) and Retteri lake
than reference site (Chembarambakkam Lake). Although high
concentrations give rise to consumer complaints due to its ability
to discolor aerobic waters at concentration above 0.05 mg/L [22]
Problems survive however in areas with soft slightly alkaline water
which may dissolve lead from the lead pipes; plastic pipes in which lead
has been used as a stabilizer [19] which is the reason may be attributed
to increase the lead concentration in Velachery Lake. The level of Cu
was in excess amount it becomes toxic for aquatic life as well as human
beings. According to BIS [23] Standard threshold value of Cu is 0.05
mg/L. In a study Cu content was found above the desirable limit in
reference site (Chembarambakkam) and higher in other sampling sites,
which was probably owing to domestic sewage waste and land run off.

High concentration of Ni was observed in Retteri and Velachery
Lake than the reference site, which may be due to the pollution by
motor parts waste, sewage waste and domestic waste at this station.
The highest level of Ni in PRM season might be due to the evaporation
effect of water. Ni concentration was above the desirable limit given by
BIS [23]. The Concentration of all the metals is higher in plankton from
both seasons. The result was similar to that reported by Yayintas et al.
[24]. In the present study, abiotic parameters such as temperature, pH
and dissolved oxygen were observed very low at Retteri and Velachery
Lake. The low pH and then consider as dangerous to health. The water
has the capacity of mineral acids, which dissolve the metals and toxic
in nature. Lower levels of salinity and dissolve oxygen can strengthen
environmental stress and may amplify the contamination effect, thus
contributing to an increase in DNA damage [25].

The extent of DNA damage was evaluated in terms of the levels of
DNA integrity in Freshwater copepod at various sampling sites. During
Postmonsoon season significant impairment of DNA integrity was
detected at Velachery Lake and moderate impairment of DNA integrity
at Retteri Lake whereas the no DNA integrity in the samples collected
from Chembarambakkam Lake. The results indicating the persistence
of genotoxic contaminants in this aquatic environment. Seasonally, the
highest levels of DNA damage were observed during POM, which was
associated with higher concentrations of Zn, Cr, Mn and Pb metals in
particulate matter. The comet assay study indicated the potential of Cr,
when present in excess concentrations induce DNA damage in the cells
of copepod organisms. This result was confirmed with Plankton as an
Indicator of heavy Metal Pollution in a Freshwater Reservoir [6]. In
previous study the Comet assay has been used to investigate the levels of
DNA damage in marine and freshwater copepods exposed to different
water borne pollutants [6,26]. According to Kumarave et al. [27] DNA
damage was minimal to moderate (<40%) in Chembarambakkam
species and minimal to high (<86%) from species and the results
suggested that the Retteri and Velacheri lake are contaminated with
different types of genotoxicants.

Conclusion

Comet assay is a novel biological analysis, which is a sensitive,
flexible, simple, rapid, and inexpensive method to assess aquatic
genotoxicant. Overall, evaluation of these results indicated that the level
of DNA damage in freshwater copepod (M. aspericornis) was found
to be quite prominent due to their exposure of genotoxic pollutants.
In terms of the loss of DNA integrity provides precious clues for
observation of the occurrence of genotoxic contaminants at different
locations. The evaluation of the DNA damage in freshwater copepod is
of great importance and can be used as biomarker for early detection
of environmental carcinogenesis. However, increased anthropogenic
activities have increased the possible pollution of the lakes particularly
the heavy metal pollutants which may be toxic to humans and aquatic
fauna. The heavy metals like Ni, Fe and Cu in water samples of these
water bodies are within the BIS and WHO recommended value. The
obtained results should be considered for the future advance planning
for water management purposes.
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