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Abstract

The presence of heavy metals in an aquatic ecosystem can be directly linked to the incidences of
mutagenicity in aquatic organisms. Thus, we appraised the presence of heavy metals in pond water
samples and assessed their mutagenic potential. The water samples were collected for a period of two
years for eight different seasons. Concentrations of heavy metals were analysed using microwave
plasma atomic emission spectroscopy (MP-AES) and compared with the BIS and WHO standards
for drinking water. Overall, the highest metal concentrations were detected during the winter season
(Cu - 564.55+9.057 pg/L; Ni - 225.45+91.81 pg/L; Zn - 860+48.41 pg/L; Cr - 857.91+57.81 pg/L) followed
by summer (As - 18.36+4.23 ng/L; Pb - 130.93449.73 pg/L; Cd - 8.21+1.81 pg/L) and monsoon season
(Co - 631.96+£77.09 pg/L; Se - 2315.45+67.18 pg/L). The lowest metal concentrations were observed
during the post-monsoon season. HPI index revealed that six sampling sites out of 11 were above the
critical index of 100. In mutagenicity assays we observed that samples with a higher concentration of
heavy metals exhibited higher mutagenic potential. The maximum mutagenic potential was observed
during the winter and summer seasons. This study can be very helpful to policy and decision makers for
water resource management and conservation strategy.
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bioluminescence
Introduction ecosystem by natural as well asanthropogenic activities.
The widespread contamination of aquatic bodies
The term heavy metals refer to any metallic by these metals has engrossed worldwide attention
element that possesses a specific density, mainly due to their persistence and bio-accumulative nature
>5 g/em?® [1]. Heavy metals may enter into the aquatic [2-3]. Heavy metal pollution can be traced back to the

Roman Empire [4]. A perusal of literature reveals that
heavy metal contamination has been widely reported
in water samples [5], soil [6], sediments and fishes [7]
*e-mail: swab2002@yahoo.com, rajinder.botenv@gndu.ac.in and lakes [8]. Anthropogenic activities like smelting,
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mining, agricultural and industrial processes have
been the source of heavy metal contamination of
various environmental matrices [9]. Heavy metals are
potentially mutagenic and carcinogenic in nature and
are also known as oxidative stress inducers. These
metals stimulate the production of reactive oxygen
species, which results in DNA damage and cell death
[10]. Moreover, heavy metals are bio-accumulative in
nature, thus increasing the risk of several degenerative
diseases like cancer [11]. A multitude of mutagenicity
tests is required to study the complexity of the heavy
metals in water samples. These tests should be simple,
sensitive, and cost-effective [12]. In this sense, in order
to evaluate the mutagenic effects of water samples,
mutagenicity tests are carried out in microorganisms,
including bacteria.

Ames assay using the tester strain of Salmonella
typhimurium is the most commonly used method to
assess the mutagenic potential of various environmental
samples. Ames fluctuation assay is a modified and
liquid microplate version of conventional Ames assay.
Modified strains (TA98 and TA100) of Salmonella
typhimurium are deficient in the production of histidine,
an essential amino acid. Upon interaction with a test
mutagen, a back mutation occurs which permits the
bacteria to synthesise and survive in a histidine-deficient
medium [13-14]. Vibrio harveyi bioluminescence assay
is a rapid, sensitive and novel assay for the mutagenic
assessment of marine as well as freshwater samples.
It has the ability to detect the mutagenic compounds
present in the sample even at a very low concentration.
A dim luxE mutant strain of Vibrio harveyi (A16) is
primarily used as an indicator of mutagenicity. The
results evaluation is simple, as a two-fold increase in
the bioluminescence by the sample as compared to the
negative control is generally considered mutagenic [15].
Detailed studies have been carried out on the presence

Table 1. Sampling sites along with their coordinates.

of heavy metals in rivers, lakes and wetlands, and
assessing their mutagenic potential. But only a few
studies have been carried on pond water. Ponds are an
important part of the hydrological cycle which exhibits a
self-sufficient and self-regulating ecosystem. These are
exceptional freshwater resources that perform a diverse
role in the biosphere, including aquifer recharge. Ponds
have been identified as wetlands by Ramsar convention
and literature studies [16].

Thus the present study was planned to (1) quantify
heavy metals in pond water samples, (2) compare their
concentrations with drinking water standards and (3)
evaluate the mutagenic potential of water samples by
using two bacterial assays. Ultimately, the research
is important in developing water conservation and
management strategies in the studied area.

Materials and Methods

The concentrations of nine metals (As, Cd, Co,
Cr, Cu, Ni, Pb, Se, Zn) in pond water samples were
studied from July 2015 to May 2017 using microwave
plasma atomic emission spectroscopy (MP-AES). The
mutagenicity of water samples was assessed using Ames
fluctuation assay and Vibrio harveyi bioluminescence
assay.

Study Area

Amritsar is one of the four districts located in
the Majha region of Punjab, India. It is situated in
northwestern India between 31.6340°N and 74.8723°E
and is the second most-populated district of Punjab. It
has an area of 2683 km? and the region is characterized
by semi-arid conditions. Mainly four seasons can be
experienced in this region: monsoon (July-September);

Coordinates
S. No. Name Code
Latitude Longitude

I BaserkeGallan BG 31°61°77” N 74°71°90” E
I Ajnala AJ 31°84°00” N 74°76°00” E
I Raja Sansi RS 31°72°45” N 74°78°60” E
v Manawala MW 31°74°06” N 74°68°83” E
v Majitha MJ 31°76°00” N 74°95°00” E
VI Lopoke LO 31°71°70” N 74°63°27” E
VII Attari AT 31°69°31” N 74°65°79” E
VIII Jandiala JA 31°58°93” N 75°05°68” E
IX Sathiala SA 31°55°50” N 75°26°55” E
X Mehta ME 31°63°39” N 74°87°22” E
XI Kathunangal KN 31°73°24” N 75°02°31” E
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post-monsoon (September-November); winter
(December-March) and summer (April-June). There
is great variation in the weather of Amritsar during
different seasons. It becomes extremely hot during
summers and extremely cold in winters. Maximum
temperature may reach 48°C during summers, whereas
in winters it may go down to 4°C. Consecutive western
disturbances bring widespread rainfall during the
monsoon season. For the present study four different
seasons viz. monsoon (M), post-monsoon (PM), winter
(W) and summer (S) were selected. Eleven different
ponds located in Amritsar were selected for sampling.
The sampling sites along with their coordinates are
given in Table 1.

Sample Collection

The map of Amritsar District was prepared and
gridding was done for the systematic collection of water
samples (Fig. 1). The sampling points were fixed in
terms of latitude/longitude by using a global positioning
system (GPS). The sampling points were given code
names and the samples were collected manually from 11
different ponds located in villages of Amritsar district
of Punjab (India). Sampling was carried out in the
months of July 2015 (monsoon season), October 2015
(post-monsoon season), January 2016 (winter season),
May 2016 (summer season), July 2016 (monsoon
season), October 2016 (post-monsoon season), January
2017 (winter season), and May 2017 (summer season).
For heavy metal analysis water samples were collected
in acid-washed bottles 20 cm below the surface of
the water and digested as prescribed in the standard
methods for water and wastewater analysis [17]. For
biological studies, the samples were stored at 4°C and
prior to analysis they were filter sterilized using 0.2 pm
membrane disc filters.
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Fig. 1. Map of the study area.

Microwave Plasma Atomic Emission Spectroscopy
(MP-AES) Operating Parameters

All the experiments were performed using an Agilent
4200 MP-AES fitted with OneNeb nebulizer, double
pass glass cyclonic spray chamber and easy fit torch.
Nitrogen gas was supplied using a nitrogen generator.
Before every sample reading, 15 seconds uptake time
and 10 seconds stabilization time was set, whereas for
emission measurement of each sample, 10 seconds read
time with three replicate was applied. Torch alignment
and wavelength calibration were carried out using
a single wavelength calibration solution. Certified
reference material recoveries (CRM recoveries) are
given in Table 2.

Heavy Metal Pollution Index

Heavy metal pollution index is an important
technique for assessing the quality of water based on
the metal pollution. It was developed by Mohan and
co-workers (1996) [18]. The HPI is calculated with the
following equation:

HPI =HPI = };I-, WiQi / Y], Wi
...where Wi is the unit weightage of i parameters, Qi is
the sub-index of the i parameter, and n is the number of
parameters considered.

Sub-index of the parameter (Qi) can be calculated
using the formula:

n
Qi =2Mi—“/5i_” %100
i=1

...where Mi is the monitored value of toxic metal
after analysis; Ii is the ideal value of the i parameter

Sampling Points

Legend
Point
R Point
Amritsar Boundary
—/
e
Mananawal \ =
g Jandala 2 Sathiala
,_/'/\“""-.-_ ~ f._/_.\__ =
N
o 4 8 16 24 2 A
— L, ]



792

Rajput S., et al.

Table 2. CRM recoveries of metals.

Element Certi.ﬁed Reference | Observed | Percentage
Material value (CRM) value recovery

As 5 ppm 5.00 100%
Cd 5 ppm 4.90 98%

Co 5 ppm 5.00 100%
Cr 5 ppm 4.95 99%

Cu 5 ppm 4.92 98.4%
Ni 5 ppm 4.94 98.8%
Pb 5 ppm 4.94 98.8%
Se 5 ppm 4.93 98.6%
Zn 5 ppm 4.95 99%

(specified by the Bureau of Indian Standards, 2012); and
Si is the standard value of the i'" parameter in ppm [19].
After analysis, the concentration of each pollutant was
converted into HPI. Higher HPI value indicates higher
damage. Generally, 100 is considered the critical value
for metal pollution index.

Mutagenicity Test

The mutagenic potential of water samples was
assessed by using the Ames fluctuation assay and Vibrio
harveyi bioluminescence assay. Ames fluctuation assay
was performed with and without metabolic activation
as described by Hubbard and co-workers with slight
modifications [20]. Two-tester strain of Salmonella
typhimurium (TA98 and TAI100 strains) were used.
Reaction mixture was prepare by adding 2.5 ml minimal
medium [Davis—Mingiloi (DM) salts (5.5x), D-glucose
(200 mg/0.5 mL), D-biotin (I mg/10 mL), L-histidine
(10 mg/10 mL), and bromocresol purple (1 mg/0.5 mL)],
17.5 ml of sterile distilled water, 20 pl bacterial culture
grown overnight in Luria broth and 200 pL of sample.
For metabolic activation, 2 ml of S9 mix was added
instead of 2 ml of sterile ultrapure water. 200 pL of the
mixture was dispensed into 96-well microtitre plates.
The plates were then covered with lids and incubated at
37°C for 3-5 days.

The results were expressed as mutagenicity ration
(MR) calculated by using the following formula:

MR = Number of positive wells in treated plates/
Number of positive wells in negative control plates

...where positive wells contain all yellow, partially
yellow, or turbid wells and all purple wells were negative.

Vibrio harveyi bioluminescence assay was carried
out in accordance with the protocol given by Podgorska
and Wegrzyn (2006) [21]. The Al6 strain of Vibrio
harveyi was procured from Podgérska and Wegrzyn
(University of Gdansk, Poland). Bacterial culture was
grown in a liquid BOSS nutrient medium consisting of

bacto-peptone (1g/100 mL), beef extract (0.3 g/100 mL),
glycerol (11 mM), and sodium chloride (3 g/100 mL) at
30°C for 3 hours in an incubator. 200 pl of water sample
was added to 5 ml of bacterial culture and incubated
further for 3 hours at 30°C. The luminescence was
measured at 575 nm using a multi-mode microplate
reader (BioTek Synergy HT). Results are expressed as
relative luminescence unit (RLU) and a twofold increase
in the relative luminescence unit was considered
mutagenicity of the sample.

Statistical Analysis

Data of all the experiments was calculated using
Microsoft Excel 2010. The results were compared with
two-way ANOVA using SPSS software version 16.0.

Results

It was observed that average concentration
of metals in two years followed the pattern of
Se>Zn>Co>Cr>Cu>Ni>Pb>As>Cd. Selenium
concentration in the pond water sample of all the sites
during different seasons varied seasonally and ranged
0.1 pg/L to 2830.00 pg/L. The highest selenium
concentration was detected in a water sample collected
from Mehta sampling site during the winter season of the
first year of sampling (January 2016). Majitha sampling
site was found to be the most zinc-contaminated
site  followed by  MW>LO>ME>AT>JA>BG>
RS>AJ>KN>SA. Cobalt concentration in pond water
sample of all the sites during different seasons varied
seasonally, which ranged 0.1 pg/L to 9436 ug/L. The
highest cobalt concentration was detected in the water
sample of Jandiala site during the winter season of the
second year of sampling (January 2017). Chromium
concentration in the pond water sample collected from
all the sites during different seasons ranged 0.10 pg/L-
1160.00 pg/L. Maximum chromium concentration was
found in the water sample collected from Manawala
sampling site during the post monsoon season (October
2016). The maximum copper concentration was found
in the water sample collected from Attari sampling
site during winter (January 2016). It was found that the
Attari sampling site was the most copper-contaminated
site  followed by MI>MW>LO>KN>ME>JA>SA>
RS>BG>AJ. Nickel concentration in the water sample
ranged from 0.1 pg/L to 850 pg/L. Maximum nickel
concentration was found in water samples collected
from Majitha sampling site during the winter season
(January 2016). During the study period, it was found
that maximum lead contamination was found at Sathiala
sampling site during all the seasons, followed by
JA>AT>MI>ME>BG>LO>MW>AJ>KN>RS.  During
the study period, the highest concentration of cobalt
was observed at Baserke Gallan sampling site, followed
by SA>AJ>KN>ME>RS>JA>MW> LO>AT>MIJ. The
concentration of arsenic in the water sample collected
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during different seasons varied seasonally. The highest
value of 49.00 pg/L was found in the water sample of
Mehta sampling site collected during the monsoon season
of the second year of sampling whereas arsenic was not
detected in any water sample collected during the winter
and summer season of the second year of sampling. The
highest cadmium concentration of 20 pg/L was detected
in a water sample collected from Baserke Gallan,
Majitha and Lopoke sampling sites during the summer
season and winter (May 2016 and January 2016) of
the first year of sampling, whereas cadmium was not
detected in any sample collected during the winter
and summer seasons of the second year of sampling
(January 2017 and May 2017). Majitha was detected
as the most cadmium-contaminated site, followed by
MW>SA>LO>RS>BG>JA>AT>AJ>ME>KN.

Mutagenicity Assays

Both TA98 and TA100 strains of Salmonella
typhimurium responded when treated with water
samples collected during different seasons. However, it
was observed that TA100 exhibited higher mutagenic
response as compared to TA98. In TA98 strain without
metabolic activation, it was observed that the water
sample collected from Jandiala, Majitha and Kathunangal
sampling sites during the post-monsoon season showed
the highest mutagenicity ratio. In TA98 with metabolic
activation, a significant increase in the mutagenicity of
water samples was observed. Water samples collected
from Baserke Gallan, Manawala, Jandiala, Sathiala and
Kathunangal showed high mutagenic potential during
the winter season of the second year of sampling.
Similarly, in TA100 without metabolic activation, 1-
to 31-fold increases in mutagenicity were observed.
The water samples collected from Manawala, Majitha,
Jandiala, Sathiala and Kathunangal exhibited higher
mutagenic potential during the monsoon and post-
monsoon seasons of the second year of sampling. In
TA100 with metabolic activation, samples exhibited
significant mutagenicity. The water samples collected
from Lopoke, Attari, Jandiala and Kathunangal showed
highest mutagenic potential during the monsoon season
of the second year of sampling.

In Vibrio harveyi bioluminescence assay all
the samples showed 0.03 to 2.70 folds increase in
bioluminescence level as compared to the negative
control. Water samples collected from Manawala and
Kathunangal were found to be highly mutagenic as
compared to negative control during the winter season
of the second year of sampling. Water samples of
Baserke Gallan and Kathunangal showed mutagenic
potential during the post-monsoon season of the second
year of sampling.

Discussion

Heavy metals are potentially genotoxic and
carcinogenic in nature. These metals induce oxidative

Table 3. Heavy metal concentrations (ng/L) from July 2015 to May 2017.
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stress and the formation of reactive oxygen species
leading to DNA damage. Moreover, they accumulate in
nature and increase the risk of a number of degenerative
diseases like cancer [22]. Higher concentrations of heavy
metals in water may cause risk to all living organisms
interacting with the aquatic environment [23]. Among
many environmental contaminants, selenium has become
a key element of concern due to its bio-accumulative
nature in food webs. Selenium is a micronutrient that
is required for the normal growth, development and
maintenance of homeostasis [24]. However, a higher
concentration of selenium causes toxic effects in the
living system. Water-soluble Se enters into the food chain
through uptake by fish and other aquatic biota either by
gills, epidermis or gut. There is no permissible limit
for selenium prescribed by national and international
agencies. But several pieces of research have reported
selenium toxicity in the aquatic environment [25-28].
Selenium is released from weathering of selenium-rich
rocks and soil that enter into surface water through
surface runoff. Precipitation is a significant governing
factor of selenium distribution in water [29]. This
could be the main reason for the presence of a higher
concentration of selenium during the monsoon season.
Moreover, anthropogenic activities like agricultural
practices involving fertilizers, mining, coal combustion,
insecticide production, and glass manufacture, etc.
may contribute to selenium contamination in water
[30]. The high content of selenium has been reported
earlier in the groundwater of the Majha belt of Punjab
[31]. Mining and metallurgic activities are the primary
sources of Zn in the environment. Other sources of zinc
pollution are industries, composted material, fertilizers
and pesticides. The average zinc concentration in the
present study was below the permissible limit set by
BIS and WHO [32]. This indicates that zinc toxicity is
absent in the study area. Similar results were reported
by Venkatesh and co-workers in the pond water samples
collected from Bhadra fish farm in Karnataka, India
[33]. Kaur and Hundal also reported similar results in
pond water samples of Ludhiana district, Punjab, India
[34]. Cobalt is widely distributed in nature and is a part
of many anthropogenic activities. It is naturally found
in soil and rocks [35]. Although cobalt is a constituent
of vitamin B12, extreme exposure results in various
health effects, including neurological (e.g., hearing and
visual impairment), haematological, respiratory and
carcinogenic effects [36-37]. In the present study, cobalt
was found to be the third most abundant metal in all
water samples. Cobalt may enter into the environment
from both natural as well as anthropogenic activities
and get settled on land from windblown dust, seawater
spray, volcanic eruptions, and forest fires. When
rainwater washes through soil and rocks containing
cobalt, it may get into surface water from runoff and
leaching. Chromium is the seventh most abundant
element on the earth and occurs in various oxidation
states like Cr** to Cr®. Chromium in its trivalent
state is immobile, whereas in its hexavalent state it is

highly soluble in water [38]. Anthropogenic activities
like the use of fertilizers, ferro chromate refractory
materials, chromium steel, metal plating, tanneries,
etc., are primary sources of chromium pollution in the
environment. Chromium is extremely toxic because of
its oxidizing potential and permeability to biological
membranes. Earlier reports have suggested that Cr®" has
caused cancer mortality in the Chinese population due to
its presence in drinking water [39]. Chromium level in
the present study have exceeded the permissible limit of
BIS and WHO, indicating serious metal contamination
in water. Copper is a widely distributed element and an
important part of living organisms. Data have revealed
copper concentrations exceeding the permissible limit
set by BIS. The presence of Cu in drinking water has
been associated with non-Indian childhood cirrhosis, a
form of early childhood liver cirrhosis [40]. The source
of copper in the water can be agricultural activities and
sewage sludge [41]. Use of copper and copper alloys in
water pipes and plumbing fixtures increases the risk of
copper levels in the water. An increase in acidity and
temperature of water increase the risk of leaching of
copper in the water. Sharma and Waliahave reported the
presence of Cu in the water samples of the Beas River
(Punjab, India), and which was within the acceptable
limit of BIS, 2012 [42].

Nickel is an essential metal for plants, animals and
microorganisms. Toxicity symptoms occur at higher
concentrations. The highest average concentration
of nickel was observed during the winter of the first
year of sampling. The presence of nickel in water can
be attributed to municipal sewage sludge, wastewater
from the sewage treatment plant and landfill site near
the water resource. Brraich and Jangu (2015) have
reported the presence of nickel in Harike wetland, a
Ramsar site in India [43]. Lead is a bluish grey metal
that occurs naturally in earth crust in trace quantities.
Anthropogenic activities like mining, fuel burning
and industrial operation release a higher amount of
lead into the environment. The highest value of lead
(130.93 ng/L) was recorded during the summer season,
which was higher than the permissible limits of BIS
and WHO. The high value of lead may be the result
of the discharge of effluent, household sewage, and
agricultural runoff containing phosphate fertilizer,
etc., into the water body, whereas low values may be
the result of the formation of complexes with organic
material in soil channels. Gowd and Govil reported
high concentrations of lead in surface water samples
of Ranipet industrial [44]. Arsenic is a universal
element that is found all over the environment [45]. It
forms various toxic organic and inorganic compounds
reacting with different compounds in water. Arsenic
is widely distributed in soil, rocks and natural water
and its compounds are used in the manufacture of
insecticides, herbicides, fungicides, wood preservatives
and dyestuffs. Higher values of arsenic in water
can be attributed to the use of herbicides and pesticides
in agricultural fields, which may enter into the water due



Heavy Metal Concentration and Mutagenic...

795

Table 4. ANOVA summary table showing significant differences between sampling sites and seasons.

Mutagenicity assay Source of variation Degree of freedom F-ratio HSD
Season 7 520.90*
Site 10 18.68*
TA 98 without S9 mix 73.39
Season X Site 70 17.58%*
Residual 176
Season 7 71.07*
Site 10 2.82%
TA 98 with S9 mix 0.62
Season X Site 70 2.65%
Residual 176
Season 7 844 .55%*
Site 10 60.55*
TA 100 without S9 mix 60.69
Season X Site 70 32.61*
Residual 176
Season 7 181.54*
Site 10 10.60*
TA 100 with S9 mix 101.68
Season X Site 70 8.02%
Residual 176
Season 7 16.18*
Vibrio harveyi biolumi- Site 10 1.14% 26.49
nescence assay Season X Site 70 0.88%*
Residual 176

*significant at the p<0.05 level.

to surface runoff. Arsenic forms various toxic organic
and inorganic compounds reacting with different
compounds in water. The presence of arsenic in drinking
water results in arsenicosis, neurological effects and
obstetric problems [46]. Thus, the presence of arsenic in
water is of serious concern as numerous epidemiological
studies have reported arsenic as a carcinogen. In
the current study, arsenic was above the permissible
limits of BIS and WHO. Arsenic has been reported
in water, soil, sediments of Chattisgarh area of India
[47]. Cadmium is a not an essential metal and exerts
toxic effects on aquatic life [48-49]. It is extensively
found in the earth’s crust at an average concentration of
0.1 mg/kg, and accumulation of cadmium in sedimentary
rocks increases the cadmium concentration by up to
15 mg/kg. Cadmium is used in several industrial
activities like the production of alloys, pigments and
batteries. Data revealed that in the present study,
cadmium concentration ranged from 3.81-8.21 pg/L.
The highest concentration of cadmium was recorded in
the summer season during the first year of sampling,
whereas it was absent during summer and winter season
of second-year sampling. Similarly, high values of
cadmium in water were recorded by Dhinamala and co-
workers [50].

HPI index was used to evaluate the overall pollution
of water corresponding to the presence of heavy metals
in water. HPI shows the cumulative effect of each
individual toxic metal on inclusive water quality. The
evaluation results in the rating of toxic metals from
0 to 1 and the critical pollution index value is 100. The
rating of metals reveals the relative importance unit
of individual metal quality concerns. It is inversely
proportional to the recommended standard (S,) for
each parameter. In the present study, maximum metal
pollution was observed during the winter season, where
six sampling sites out of 11 were above the critical index
of 100. HPI value of RS, AJ, MW, MJ, LO, AT and SA
was much higher than the critical value, which indicates
high pollution load. Tiwari et al., (2015) analysed 28
surface water samples from 14 sites of the West Bokaro
coalfield, India and it was found that the HPI values
were lower than the critical value of 100 [51].

In the aquatic environment, trace metals are
present in small quantities, but human activities, like
industrial and urban sewage, agricultural and mining
activities can discharge significant quantities of metals.
The presence of higher quantities of metals can be
linked to the formation of superoxide radical, which
eventually results in the mutagenic and genotoxic
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effect. Heavy metals can exert their toxicity in a
number of ways, including disrupting the nucleic acid
structure, inhibiting enzymatic functioning or by
displacing the essential metal from its normal binding
site on a biological molecule, etc. During the current
study, it was observed that the sampling sites that
were contaminated with heavy metals exhibited higher
mutagenic potential. The concentrations of metals
like chromium, cadmium and arsenic were relatively
higher in these sites. The heavy metal pollution index
showed that Raja Sansi, Ajnala, Manawala, Majitha,
Lopoke, Attari and Sathiala sampling sites were above
the critical index value of 100. Table 4 shows the
ANOVA summary showing a significant difference
between sampling sites and seasons. Sampling sites
Sathiala and Lopoke were contaminated with arsenic
and lead. Arsenic has been identified as a Class I human
carcinogen by the International Agency of Research on
Cancer. Higher concentrations of arsenic pose a threat
to human health as it can undergo biotransformation
from pentavalent form to trivalent form and di to mono
form [52]. These arsenic forms lead to various genetic
and epigenetic interruptions and affect the normal
biological processes [53]. The health effects of arsenic
include dysfunction of the nervous and cardiovascular
systems, skin abrasions and cancer [54]. Arsenic shows
its mutagenic effects by disrupting the DNA repair
genes and methyltransferases, which are responsible
for its biotransformation [55]. Similarly, Kumari and
co-workers (2017) as reported arsenic toxicity in the
aquatic environment [56]. Sampling sites Majitha
and Manawala exhibited higher mutagenic potential
in both bacterial assays. These sites were found to be
contaminated with cadmium and chromium during the
study period. Cadmium is one of the most common
pollutants released from many industrial processes. It
accumulates in humans and animals via exposure to
cadmium-contaminated water, air and food. Exposure to
cadmium is associated with dysfunction of the kidneys,
liver, pancreas, testis and placenta, etc. [57]. Cadmium
also alters the reduced glutathione level and induces the
expression of metal lot hi one ins in the liver, ultimately
leading to lipid peroxidation of cell membranes [58].
Cadmium toxicity on the glutathione level in fish is
also documented [59-60].The mutagenic potential of
chromium is well documented [61]. Chromium is a
known mutagen that has adverse effects on animals
and human beings. Chromium does not immediately
pose a threat to cells due to non-permeability to cell
membrane, but it has the capability to transform from
one state to another. Chromium hexavalent enters into
the cell through the surface transportation system and
gets converted into chromium trivalent state. Trivalent
chromium has the capability to induce mutagenic
effects through DNA double-strand breaks, which
produce chromosomal aberrations and the formation of
DNA adducts, etc. [62]. The results confirmed that all
water samples exhibited mutagenic potential. Certain
reports are available which suggest that mutagenicity

varies during different seasons. Yuan and co-workers
investigated the genotoxic potential of the Yangtze and
Hanshui rivers of China [63].

Conclusions

With regard to the pond ecosystem, only a few
studies have focused on assessing the heavy metal
contamination and mutagenicity of pond water
from India. The water samples were collected for a
period of two years and it was observed that average
concentrations of metals followed the pattern of
Se>Zn>Co>Cr>Cu>Ni>Pb>As>Cd. Analysis revealed
that the presence of high concentrations of heavy
metals corresponds to the mutagenic potential of water
samples. Therefore, additional research is needed to
assess the mutagenic potential of water samples caused
by heavy metals using a battery of bioassays. Moreover,
the government should take some measures to minimize
the contamination of water resources with heavy metals.
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