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Abstract The aim of the study was to evaluate the effect of
heavy-metal contamination on two fish species (Channa
striatus and Heteropneustes fossilis) inhabiting a small
freshwater body of northern India. After being captured,
each specimen was weighed, measured, and analyzed for
heavy metals (chromium [Cr], nickel [Ni], and lead [Pb]).
Accumulation of heavy metals was found to be significantly
greater (p < 0.05) in different tissues (gill, liver, kidney, and
muscle) of fishes captured from the reservoir than from the
reference site. Levels of heavy-metal contamination in Shah
jamal water was Cr (1.51 mg/l) > Ni (1.22 mg/l) > Pb
(0.38 mg/l), which is significantly greater than World Health
Organization standards. Bioaccumulation factor was calcu-
lated, and it was observed that Pb was most detrimental
heavy metal. Condition factor was also influenced. Micro-
nucleus test of fish erythrocytes and comet assay of liver cells
confirmed genotoxicity induced by heavy-metal contami-
nation in fishes. Heavy metals (Cr, Ni, and Pb) were
increased in both fish species as determined using recom-
mended values of Federal Environmental Protection Agency
for edible fishes. This raises a serious concern because these
fishes are consumed by the local populations and hence
would ultimately affect human health.
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Aquatic fauna contributes to the major part of our dietary
needs. In recent years, increasing amounts of aquatic con-
tamination resulting from discharges of industrial, agricul-
tural, and urban waste into aquatic habitats poses a serious
concern for public health due to consumption of fish from
these water bodies (Bickham et al. 2000; Mayon et al. 2006).
Heavy metals—such as cadmium (Cd), arsenic (As), mercury
(Hg), lead (Pb), copper (Cu), nickel (Ni), chromium (Cr), and
zinc (Zn), etc. as well as other persistent toxic substances—are
the leading cause of aquatic contamination (Gurcu et al. 2010).
Small lakes and reservoirs are deteriorated more frequently by
heavy-metal contamination due to human interference com-
pared with rivers (Sabhapandit et al. 2010; Bhat et al. 2012).
Some metals in minimal concentrations are essential for living
organisms. But persistent heavy-metal tissue bioaccumula-
tion, due to their redox cycling and their ability to deteriorate
tissue sulfhydryl groups, leads to oxidative stress, which can
be seen through genotoxic parameters such as micronucleus
text (MNT) and comet assay (Ali etal. 2009). Itis evident from
the earlier studies that Cr, Ni, and Pb present in these local
water bodies accumulates and biomagnifies in fish tissues due
to chronic exposure in their living habitat (Sen et al. 2011;
Javed and Usmani 2012). Similar heavy metals were studied
by Fatima and Usmani (2013) in Yamuna river for Channa
striatus and Heteropneustes fossilis showed marked hepato-
toxicity and nephrotoxicity. These metals have been grouped
as hazardous metals and have Hazardous Substance Databank
(HSDB) numbers, viz., Cr (910), Ni (1096), and Pb (231), due
to their widespread toxicities (Hazardous Substances Data
Bank 2006).

Because there is growing concern about the presence of
genotoxins in local water bodies, the development of sen-
sitive biomarkers has gained importance (Hayashi et al.
1998). MNT, which is a suitable parameter, is used in
bioindication for the generation of genetic material
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fragments known as micronuclei (MN). These fragments
appear in the cytoplasm when the parts of the chromo-
somes or entire chromosome are not rapidly incorporated
in the nuclei of the daughter cells in mitosis because these
fragments do not have centromeres; these fragments left
behind are incorporated in the secondary nuclei called
“micronuclei” (Schmid 1975; Heddle et al. 1983). Thus,
this test helps to examine the genotoxic effects of con-
taminants that are present in the aquatic environment
(Tucker and Preston 1996). The count of MN has served as
an index of chromosome breaks and mitotic spindle
apparatus dysfunction (Hooftman and De Raat 1982).

Many types of damage can occur in DNA molecules as a
result of the endogenous production of reactive oxygen
species (ROS), interactions with xenobiotics, irradiation,
etc. The most prevalent causative agent of oxidative DNA
damage is the ®OH ion, which can be produced as aresult of a
reaction between O,-— and iron (Pb; Beckman and Ames
1997). Damage products include double-strand breaks, sin-
gle-strand breaks, interstrand and intrastrand cross-links, and
adduct and DNA protein cross-links to name a few (Wood
et al. 2001). DNA damage by xenobiotics occurs in three
basic steps wherein the first is the formation of adducts with
toxic molecules. The next stage, secondary modifications of
DNA, includes single- and double-strand breakage, changes
in DNA repair, base oxidation, and cross-links. Xenobiotics
may induce these secondary modifications by way of ROS
production. In the third stage, cells show altered function,
which can lead to cell proliferation and, consequently, cancer
(Monserrat et al. 2007). Those DNA modifications most
commonly used as biomarkers in studies addressing effects
of xenobiotic exposure in fish include oxidative base damage
and the formation of DNA adducts. Thus, the development of
another genotoxic hallmark of DNA strand breaks is the
comet assay (single-cell gel electrophoresis), which has
sensitivity for detecting low levels of DNA damage (0.1
DNA break/10° Da) (Gedic et al. 1992). This sensitive assay
gives an idea of the impact of the toll of heavy metal-induced
free radicals on DNA molecules because there are breakages
of phosphodiester linkages within DNA molecules (Shugart
2000). DNA repair in aquatic organisms is slower than that in
mammalian cells, which confers an advantage to measure
induced DNA breakages in toxicant exposed fishes (Walton
et al. 1984; Maccubbin 1994).

Aligarh is an urban area and is best known for its lock
industry. The objective of the present study was to evaluate
the effects of effluents from nearby lock factories into the
Shahjamal reservoir. Concentrations of Cr, Ni, and Pb were
estimated in water samples and two important fish species
namely, C. striatus and H. fossilis.

Earlier, C. punctatus was used as a genotoxic model by
Ali et al. (2009) to evaluate the mutagenic effect of
chlorpyrifos in freshwater. Although H. fossilis was used
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by Ahmed et al. (2013) to study the effects of hexavalent
chromium on genotoxicity. C. striatus (a demersal fish) and
H. fossilis (a catfish) are usually found in reservoirs and
ditches in northern India. They are comestible fish species
and are a good source of protein. H. fossilis also have
medicinal value. These fishes were captured to assess the
bioaccumulation of heavy metals in their tissues and their
genotoxic potential as data regarding the genotoxic and
mutagenic nature of composite heavy metals on fish, which
is lacking, from natural aquatic ecosystem. Furthermore,
the experiment aimed to evaluate the sensitivity and suit-
ability of blood cells through MNT and of liver cells
through comet assay of two selected fish species indwelling
a heavy metal-contaminated aquatic ecosystem.

Materials and Methods
Site of Collection

Shahjamal, Aligarh, Northern India (27°52°51”N longitude
and 78°3’14”E latitude) is dominated by many small-scale
lock factories, which discharge their waste into nearby water
bodies. We have selected one such effluent-dominated water
body for the current study, i.e., Shahjamal reservoir. The water
quality of the water body used for the study was found to be
loaded with discharge from a small-scale lock-manufacturing
industry. Jawan canal lies at coordinates 28°02'26.1”N lon-
gitude and 78°06'49"E latitude. It is low in pollution and was
used to compare the impact of an effluent-dominated water
body on fish genotoxicity. A map showing the reference and
experimental sites is shown in Fig. 1.

Sampling of Water

Water was collected from the reference and experimental
sites. Systematic water sampling was performed to obtain
unbiased profiling of the reservoir. Zonal sampling from four
sides of the reservoir was performed for heavy-metal analysis.
Water was stored at 4 °C in clean sampling glass bottles.
Fish Procurement

Fish species C. striatus and H. fossilis were collected from
reference and reservoir water with the help of local fish-
erman and brought to the laboratory.

Sample Processing for Heavy-Metal Estimation

Digestion of Water Samples

Heavy-metal estimation in water was performed using the
acidic digestion method as described by Cabrera et al.
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Fig. 1 Map showing reference and experimental sites

(1992) with slide modifications. Water sample (100 ml)
was taken in a 250-ml volumetric flask and acidified with
5 ml of HNO3; (55 %). Then the acidified water was
evaporated on a hot plate to approximately 20 ml. Then

5 ml of HNOj3 (55 %) and 10 ml of perchloric acid (70 %)
were added along with a few glass beads (the sample was
evaporated until brown fumes changes to dense white
fumes of perchloric acid). It was cooled to room
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temperature and diluted with distilled water (DW) in a
100 ml volumetric flask.

Digestion of Tissue Sample

Fishes were dissected and organs (liver, kidney, gill,
muscle) isolated and processed as described by Du Preez
and Steyn (1992). Thawed frozen tissue sample was rinsed
in DW and blotted with blotting paper. The known weight
of tissue was shifted to a 250 ml volumetric flask. Nitric
acid (5 ml [55 %]) and perchloric acid (1 ml [70 %]) were
also added and kept overnight. Then HNOj3 (5 ml [55 %])
and perchloric acid (4 ml [70 %]) was added further in a
volumetric flask and kept on a hot plate at 200-250 °C.
Transparent clear solution was subsequently obtained as
brown fumes converted to dense white fumes, which
indicated complete digestion. The sample was cooled and
diluted to 10 ml with DW by proper rinsing of the digested
flask. The sample was stored until heavy-metal detention in
washed glass bottles. Heavy metals were analyzed using a
atomic absorption spectrophotometer (AAS; 2280, Perkin-
Elmer, USA) according to the American Public Health
Association (1989). All chemicals (sulphuric, nitric, and
perchloric acid) used were of analytical grade.

Quality Control

A certified reference material (CRM) (Cr [02733], Ni
[42242], and Pb [16595]; TraceCERT CRMs for AAS;
Sigma Aldrich, USA) and blanks were used to check the
accuracy of the instrument. Analysis of blanks and refer-
ence material replicates showed good accuracy, and ref-
erence material concentrations found were within
98-102 % of the certified values for all measured heavy
metals.

Bioaccumulation Factor

The bioaccumulation factor (BAF) is described as the ratio
of concentration of pollutant (Heavy metal) in an organism
to its concentration in the water body (Authman and Abbas
2007).

The BAF was calculated using the formula: BAF = con-
centration of heavy metal in fish tissue (ug/g)/concentration of
heavy metal in water body (mg/L).

Condition Factor
Condition factor (CF) was calculated using the length and
weight of fish and expressed as mean £ SD. The formula

used was CF = weight (g)/length® (cm)® x 100 as
described by Fulton (1904).
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MNT

MN frequency in erythrocytes was evaluated according to
the method described by Fenech (1993). Blood was col-
lected from fish by way of cardiac puncture and smeared on
clean slides, dried at room temperature for 24 h, and sub-
sequently fixed with 100 % methanol. Samples were
stained with 10 % Giemsa solution for 10 min, air dried,
and fixed permanently.

A total 2,000 erythrocytes were examined for each
specimen under a light microscope (Nikon eclipse E200)
with oil immersion at 1,000 x magnification. Blind scoring
of MN was performed on randomized and coded slides.
Criteria described by Fenech et al. (2003) were taken into
consideration.

Other nuclear and cellular anomalies—such as nuclear
buds, erythrocytes bearing more than a single micronu-
cleus, blebbed nuclei, lobed nuclei, notched nuclei, vacu-
olated cytoplasm, and microcytes—were recorded
separately on the basis of the criteria described by Da Silva
and Fontanetti (2006). MN frequency = (no. of cells
containing MN) (1,000)/total number of cells counted.

Preparation of Single-Cell Suspension and Comet
Assay

DNA damage was assessed using alkaline comet assay as
described by Singh et al. (1988) with slight modifications.
All of the comet assay experiment was performed under
dim-light conditions to avoid additional DNA damage.
Freshly collected liver samples were washed with chilled
phosphate buffered saline-calcium magnesium free (PBS-
CMF). Liver tissues were minced with PBS-CMF 20 mM
ethylene diamine tetraacetic acid (EDTA) and 10 %
dimethyl sulphoxide (DMSO) at pH 7.4 and filtered
through a 100 pm mesh strainer. Tissues were collected in
a tube, and 2 ml of PBS-CMF was added followed by
centrifugation at 2,000 rpm at 4 °C for 10 min. Cell pellet
was collected and resuspended in PBS-CMF. Cell-viability
test was performed using the Trypan blue exclusion
method (Anderson and Wild 1994), and samples showing
viability >80 % were considered for comet assay. Cell
suspensions were suspended in 0.5 % low melting point-
agarose (LMPA) overlaid on slides precoated with a fine
layer of 1.25 % normal-melting agarose. A third layer of
0.75 % LMPA was poured, and slides were immersed in
lysing solution (2.5 M NaCl, 100 mM EDTA, 10 mM
Trizma base, 0.2 mM NaOH, 1 % Triton X-100, and
DMSO [pH 10]) for 1 h at 4 °C to lyse cells and facilitate
DNA unfolding. This was followed by electrophoresis
buffer (300 mM NaOH, 1 mM EDTA [pH > 13]) for
20 min to allow DNA unwinding, and electrophoresis was
performed at 25 V and 300 mA current in the same buffer
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for 30 min. After electrophoresis, slides were neutralized
with neutralizing buffer (0.4 M Tris buffer [pH 7.5]).

Slides were dried and stained with ammoniacal silver
nitrate solution. Photographs were obtained at 400x. Ten
fishes per species were analyzed, and 50 cells were scored
(500 cells/species per sites) were scored randomly and
analyzed using Cometscore software (version 1.5; TriTek,
Sumerduck). Degree of DNA damage was represented as
percent DNA in tail.

Statistical Analysis and Calculation of Induction Factor

Parameters (mean and SD) were calculated for data
obtained for the physiochemical properties of water and the
presence of heavy metals in water and fish samples. One-
way analysis of variance was applied to compare the dif-
ference amongst the means; p values <0.05 were consid-
ered significant. For heavy-metal bioaccumulation,
Duncan’s new multiple range test was applied (Duncan
1955) as post hoc test for multiple comparisons.

For genotoxic parameters, the statistical significance of
the differences in mean values between experimental and
reference fishes was determined using Student ¢ test.
Induction factor for MN frequency and comet assay
parameters (percent cells with tail, tail length, and percent
DNA in tail) was calculated as ratio of MN frequency or
comet assay parameter between experimental and reference
samples (Polard et al. 2011). Assumptions of normality
(Shapiro—Wilk test) and homogeneity (Levene’s test) of
data were verified (Zar 1984).

Results

Physicochemical Properties of Reference and Reservoir
Water

Physiochemical properties of reference and experimental
sites are listed in Table 1. For reference site, temperature
(22.64 °C), pH (7.4), and dissolved oxygen (DO) (5.80)
were found to be in standard level. However, for the
experimental site water temperature and pH ranged
between 23.8 and 24.9 °C and 6.98-7.78, respectively. The
DO concentration (2.5-3.80 mg/l) was considerably low.
The concentrations of heavy metal was in the order Cr
(1.51 &£ 0.14) > Ni (1.22 £ 0.09) > Pb (0.38 & 0.07) in
water samples collected from the Shahjamal reservoir. All
heavy metals were present in levels beyond recommended
values set by World Health Organization (1985) (Table 1).
Heavy metals (Cr, Ni, and Pb) were below detection limit
(BDL), i.e., lower than in experimental sites. Therefore,
Jawan canal was taken as the reference site for the study.

Heavy-Metal Bioaccumulation in Fish

The two fish species, C. striatus and H. fossilis, collected
were dissected to remove tissues (liver, kidney, gill, mus-
cle) for the determination of bioaccumulation (pg/g wet
weight) of heavy metals. The bioaccumulation of heavy
metals (Cr, Ni, and Pb) in (pg/g) wet weight in different
tissues of C. striatus collected from the experimental site is
listed in Table 2. There was heavy bioaccumulation of all
of the heavy metals in fish tissues (Cr accumulated the
most). The pattern of bioaccumulation was found to be Cr
(gills [94.82 pg/g] > kidney [38.51 pg/g] > liver [12.33 pg/
g] > muscle [3.04 pg/g]) followed by lead (kidney
[38.45 pg/g] > gills [32.23 pg/g] > liver [8.76 ng/
g] > muscle [2.7 pg/g]), and Ni, which accumulated the
least (gills [11.99 pg/g] > kidney [9.67 pg/g] > liver
[9.08 pg/g] > muscle [0.65 pg/g]). The bioaccumulation
of heavy metal (Cr, Ni, and Pb) in (ug/g) wet weight in
different tissues of H. fossilis collected from experimental
site is listed in Table 3.

In H. fossilis, the pattern of accumulation was found com-
parable with that in C. striatus. Cr accumulated most (gills
[97.75 ng/g] > liver [33.34 ng/g] > kidney [27.57 ng/g] >
muscle [6.85 pg/g]) followed by Pb [gills [41.67 pg/
g] > kidney [32.57 pg/g] > liver [16.75 pg/g] > muscle
[1.67 pg/g]), whereas the pattern for bioaccumulation of
Ni was gills (54.19 pg/g) > kidney (8.89 pg/g) > liver
(7.54 pg/g) > muscle (2.9 ng/g)].

In both fish species, gills were the most highly influ-
enced organ, and amongst the heavy metals, Cr bioaccu-
mulated the most in all tissues. In addition, the values for
all of the heavy metals in muscle (edible part of fish) were
much greater than the values recommended by Federal
Environmental Protection Agency (1999) (footnotes in
Tables 2 and 3).

BAF

Heavy metals present in the water and values accumulated
in various tissues were used to calculate BAFs. The BAF
values for C. striatus are listed in Table 4. In C. striatus,
the highest BAF was observed in kidney (101.18) for Pb.
The BAF in H. fossilis tissue samples is listed in Table 5.
The highest BAF was observed in liver (109.65) of H.
fossilis for Pb.

CF

Length, weight (wet weight), and CF of C. striatus and H.
fossilis are listed in Table 6. Results show that CF for both
fish species was significantly different in the site under
study (experimental) compared with its corresponding
reference site.
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Table 1 Physicochemical properties and heavy-metal concentrations of the reference and experimental sites

Parameter Minimum Maximum Mean £+ SD (n = 12) Recommended values
(World Health Organization 1985)
Ref Exp Ref Exp Exp

Temperature (°C) 21.45 23.8 22.94 24.9 22.64 £ 0.49 24.14 £+ 0.37 -

pH 7.32 6.98 7.80 7.78 7.4 £+ 0.61 7.88 £ 0.51 -

DO (mg/L) 4.94 2.5 6.26 3.80 5.80 + 0.98 340 + 1.07 -

Cr (mg/L) - 0.29 - 0.34 BDL 1.51 £ 0.14 0.05

Ni (mg/L) - 0.97 - 1.45 BDL 1.22 + 0.09 0.07

Pb (mg/L) - 0.20 - 0.28 BDL 0.38 £ 0.07 0.01

Table 2 Bioaccumulation of heavy metals (Cr, Ni, and Pb) in wet
weight (pg/g) in different tissues of fish C. striatus collected from the
experimental site*

Organs Cr (ng/g) Ni (ug/g) Pb (ug/g)

Gills 294.82 + 9.05 21.99 £ 0.58° 232.23 + 3.64°
Liver 1223 + 3.83° 29.08 £ 2.62° 1,8.76 + £3.26
Kidney ,38.51 £ 5.86° 29.67 £ 3.60° 23845 + 6.24°
Muscle 3.04 + 1.74° ,0.65 + 0.21° 2.7 £ 1.08°

Data are shown as yVX + SD, and V = mean value of 12 replicates.
Different superscript alphabets indicate significant difference for the
accumulation of different heavy metals within a tissue; different
subscript alphabets indicate significant difference for the accumula-
tion of different heavy metals within a tissue at the p < 0.05 level.
Muscle (edible part) had greater accumulation of heavy metals than
the recommended EFPA values (1999) for edible fishes, viz.,
Cr = 0.15 pg/g, Ni = 0.5 to 0.6 pg/g, and Pb = 0.3 pg/g

Table 3 Bioaccumulation of heavy metals (Cr, Ni, and Pb) in wet
weight (pg/g) in different tissues of fish H. fossilis collected from the
experimental site

Organs Cr (ng/g) (Ni pg/g) (Pb ng/g)

Gills 9775 + 3.44° 254.19 +9.10° A1.67 +3.15¢
Liver ,33.34 + 3.44° v7.54 + 1.38° 1675 + 1.93°
Kidney 27.57 + 2.18° 1,8.89 =+ 0.90° 32.57 £ 0.80*
Muscle 46.85 + 1.14° +2.97 + 0.39° 41.67 + 0.85°

Data are shown as V* & SD; whereas V = mean value of 12 rep-
licates. Different superscript alphabets indicate significant difference
for the accumulation of different heavy metals within a tissue; dif-
ferent subscript alphabets indicate significant difference for the
accumulation of different heavy-metals within a tissue at the p < 0.05
level. Muscle (edible part) had greater accumulation of heavy metals
than the recommended EFPA values (1999) for edible fishes, viz.,
Cr = 0.15 pg/g, Ni = 0.5 to 0.6 pg/g, and Pb = 0.3 pg/g

MNT
Frequency of MN and other nuclear abnormalities in ref-

erence and fish collected from the experimental site are
listed in Table 7 (Fig. 2). There was a significant increase
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Table 4 BAF in C. striatus
tissue samples collected from

Tissues Cr Ni Pb

the experimental site Gill 62.79 9.82 84.82
Liver 8.10 7.44 23.05
Kidney 2550 7.93 101.18

Muscle 2.01 0.53 7.11

Table 5 BAF in H. fossilis tissue samples collected from the
experimental site

Tissues Cr Ni Pb

Gill 64.74 44.42 109.65
Liver 22.08 6.18 44.08
Kidney 18.26 7.29 85.71
Muscle 4.54 2.43 4.40

Table 6 Length, weight (wet weight), and CF of C. striatus and H.
fossilis collected from the reference and experimental sites

Study sites Total length ~ Wet weight (g) CF

(cm)

C. striatus 17.27 £3.33 7993 + 1633 1.32 + 0.20
(reference)

C. striatus 1591 £ 0.87 3472 £5.09° 0.86 & 0.07*
(experimental)

H. fossilis 24.50 £ 0.55 121.80 + 19.41 0.83 £ 0.12
(reference)

H. fossilis 2177 £1.82 5857 + 12.40° 0.55 £ 0.11*
(experimental)

Data are shown as the mean length, weight, and CF of 10 fishes for
both fish specie, £SD

* Significant difference from the corresponding reference for both fish
species at the p < 0.05 level

in MN frequency (1.88x) and nuclear abnormalities
(1.29%) in C. striatus. For H. fossilis, MN frequency
(1.65x) and other abnormalities (1.47 x) were increased in
the Shahjamal site compared with the reference site.
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Table 7 Frequency of MN and other nuclear abnormalities in reference fish and fish collected from the experimental site

Reference sites MN frequency

Induction factor

Other abnormalities Induction factor

C. striatus (reference) 0.25 + 0.056
C. striatus (experimental) 0.47 £ 0.031* 1.88
H. fossilis (reference) 0.20 £+ 0.021
H. fossilis (experimental) 0.33 + 0.025* 1.65

4.34 + 0.135
5.59 £ 0.280%* 1.29
3.71 £ 0.201
5.46 £ 0.356%* 1.47

Data are shown as the mean of MN frequency and other abnormalities of 10 fishes for both fish species & SD

* Significant difference from the corresponding reference for both fish species at the p < 0.05 level

Fig. 2 Representative of MN
and other nuclear abnormalities
in erythrocytes of a C. striatus
reference fish, b C. striatus
collected from the experimental
site, ¢ H. fossilis reference fish
(d), and H. fossilis collected
from the experimental site. NE
normal erythrocytes, VC
vacuolated cytoplasm, NB
nuclear bud, MC microcyte,
MMN multiple MN, LN lobed
nucleus

Comet Assay

DNA damage in reference fish and fish collected from the
experimental site is listed in Table 8 as percent cells with
tail, tail length (pixels), and percent DNA in tail. Tail
length and percent DNA in tail showed a significant
increase in DNA damage (Fig. 3a, c). Induction factor (the
toll of heavy metal-dominated water bodies on DNA
damage is visualized by percent tail DNA) of 1.66 for C.
striatus and 1.31 for H. fossilis. Thus, C. striatus showed a
greater level of genotoxic damage (Fig. 3b) with greater
mean tail length (8.25 pixels) than did H. fossilis (6.33
pixels) (Fig. 3d). However, a greater number of cells with

tail was induced in H. fossilis (1.5x) than in C. striatus
(2.07x) compared with their corresponding reference fish.

Discussion

In this study, we found high levels of contamination in
Shahjamal reservoir, which can be attributed to the fact that
lock factories are discharging their waste directly into this
local water body with no proper water treatment. Effluents
from industries discharge mainly heavy metals (Cr, Ni, and
Pb). Heavy metals are the major cause of pollution in water
bodies due to their ubiquitous distribution and tremendous
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Table 8 DNA damage in

Parameter C. striatus C. striatus H. fossilis H. fossilis
reference fish a.nd fish cpllected (reference) (experimental) (reference) (experimental)
from the experimental site

% Cells with 60 90 46 95

tail
Mean value and SD obtained Induction factor 1.50 2.07
from scoring of 10 fish for both  Tail length 543 £0.75 8.25 & 0.96% 4.62 +0.51 6.33 & 0.42%
the species (pixels)
* Significant difference from the Induction factor 151 1.37
corresponding reference for % Tail DNA 6.89 £ 1.08 11.49 £ 0.88%* 5.67 £ 0.63 7.48 £ 0.79*
both fish species at the p < 0.05 Induction factor 1.66 131
level
been reported to be one of the most common causes of
allergic toxicities as reflected by positive dermal patch tests
(Clarkson 1988; Kitaura et al. 2003; Cavani 2005).
Pb concentration was the lowest in the reservoir water
but accumulated in moderate amounts as has also been
reported by other investigators (Canli et al. 1998; Vi-
A B nodhini and Narayan 2008; Abdel-Baki et al. 2011; Javed
2005). It is toxic even at low concentrations because it
mimics essential elements (e.g., calcium, magnesium, Pb,
and Zn) with consequent effects on enzymes containing SH
groups (Jennette 1981), increased incorporation of errone-
ous nucleotides (Johnson 1998), and accumulation of free
radicals due to alteration of the oxidative processes of cells;
it also effects repair mechanisms in which Pb has been
implicated as a co-carcinogen (Fracasso et al. 2002).
C D Most of the studies performed on the induction of heavy

Fig. 3 Representative of comet assay in liver cells of a C. striatus
reference fish, b C. striatus collected from the experimental site, ¢ H.
fossilis reference fish, and d H. fossilis collected from the experi-
mental site

potential for bioaccumulation in aquatic biota (Yohannes
et al. 2013; Szefer et al. 1990). Cr is an important com-
ponent of the lock industry. Chromium-plating liquid
contains mostly hexavalent chromium, which causes most
of the toxic effects. Hexavalent chromium is a more potent
skin penetrant than the trivalent form (Wahlberg and Skog
1965). Perhaps due to this, Cr was found high amounts in
the reservoir water and in tissues of both fish species. Cr
accumulated the most in the tissues, and this corroborates
with the findings of other investigators where Cr accumu-
lated in greater concentrations (Fatima and Usmani 2013;
Eneji et al. 2011; Taweel et al. 2011).

Ni is the second most-used heavy metal in lock polish-
ing by this industry. It was found in moderate concentra-
tions in water but accumulated least in tissues as has also
been noted by other investigators (Canli et al. 1998; Vi-
nodhini and Narayan 2008; Eneji et al. 2011; Javed 2005).
Ni toxicity is responsible for allergic skin reactions and has
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metals in fish have been performed in a laboratory (Ferraro
et al. 2004; Liney et al. 2006; Ahmed et al. 2013). How-
ever, there are a few studies where fish were collected from
a natural ecosystem (Canli et al. 1998; Javed 2005; Javed
and Usmani 2012).

Many investigators have also reported concentrations of
heavy metals in a water body and its concentration in fish
tissues, but they did not estimate the toxicity of these heavy
metals by their presence in the tissue-to-water ratio. Fishes
dwelling in heavy metal-loaded urban reservoir water
accumulated these toxic metals in various tissues with
biomagnifications of greater factors. Usually other inves-
tigators have focused on wet-weight heavy-metal concen-
trations in various fish tissues, but BAF is a more reliable
means to estimate toxicity caused by heavy metals. C.
striatus and H. fossilis are relished by the local population.
Thus, when BAF was performed, it was observed that in
both fish species, Pb, followed by Cr and Ni, accumulated
the most in gills and kidney. Gills were affected the most;
this could be due to subcellular partitioning of toxicants
and other factors that influence the uptake, retention, and
bioaccumulation of heavy metals in fish tissues (Nesto
et al. 2007; Zhao et al. 2012). This fact corroborates with
the finding by Wang and Rainbow (2006) that metal bio-
accumulation in fish is controlled by a balance between
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uptake and elimination and differential accumulation of
these metals in various tissues.

Accumulation of these heavy metals lead to altered
physiology and can be visualized through the use of a
growth biomarker, i.e., CF. CF signifies the general health
and growth of the fish and forms the gross health index. CF
is a low-cost and simple tool to obtain information on the
ability to tolerate by aquatic animals. Both fish species in
the present study showed a marked decrease in CF with their
respective references due to the heavy-metal toll. Similar
observations, i.e., a decrease in CF due to metal pollution
in highly degraded natural ecosystems, have been made by
Hodson et al. (1992) in white sucker fish, Betancur et al.
(2009) in eight fish species, and Omar et al. (2012) in
Oreochromis niloticus and Mugil cephalus, This parameter
may serve as a gross screening biomarker to indicate
exposure and effects or to provide information on energy
reserves (Mayer et al. 1992).

Channa striatus and H. fossilis are relished by the local
population. Hence, these two fish species were chosen for
the study for genotoxic studies from effluent-dominated
water bodies of Shahjamal. The accumulation of heavy
metals leads to the deterioration of genetic material and can
be visualized through biomarkers, i.e., MNT and comet
Assay. Here, chronic exposure to heavy metals in water
bodies lead to nuclear damage; thus, for confirmation, MNT
was performed. MNT in erythrocytes is a widely used tool
for chronically metal-exposed fish with different types of
pollutants having clastogenic and aneugenic properties
(Udroiu 2006). In the present study, MN induction was
significantly greater (p < 0.05) at 1.88x and 1.65x in C.
striatus and H. fossilis, respectively, compared with refer-
ence fish. MN frequency was greater in C. striatus (0.47/
1000 erythrocytes) than in H. fossilis (0.33/1000erthro-
cytes). This indicates that C. striatus is more sensitive to
polluted water, and this can also be attributed to the factors
such as interspecies sensitivity, metabolic capacity, DNA
repair, and defence mechanisms (Rodriguez-Cea et al.
2003). Similarly, high MN values have been reported for
different fishes exposed to polluted waters (Sanchez-Galan
et al. 2001; Bagdonas et al. 2003; Betancur et al. 2009;
Omar et al. 2012). Such marked MN inductions have also
been reported by several investigators (Minissi et al. 1996;
De Lemos et al. 2001; Betancur et al. 2009; Dillon et al.
1998) when fish were exposed to heavy metals.

Nucleus disturbances that we found through MNT, such
as chronic genotoxicity, was further confirmed by comet
assay, which is the most popular and sensitive biomarker
for DNA strand breaks in aquatic fauna (Frenzilli et al.
2009). Comet assay showed significantly (p < 0.05)
greater damage in terms of percent cells with tail, tail
length, and percent DNA in tail in both fish species com-
pared with reference fish. Of both species, C. striatus was

found to be more sensitive to polluted reservoir water with
greater mean percent DNA (11.49 %) than seen in H.
fossilis (7.48 %). Similarly, other investigators have also
reported high DNA fragmentation in liver cells from nat-
ural water studies (Rajaguru et al. 2003; Liney et al. 2006)
and from induced studies (Ahmed et al. 2013; Akter et al.
2009). Comet assay is a sensitive biomarker of oxidative
damage to cells because it induces changes in tissue
structure and function earlier than those induced by MNT
(Deventer 1996). This test is also an indirect tool to detect
oxidative stress in tissues because reducible heavy metals
lead to the formation of hydroxyl radicals, which in turn
leads to base alteration and deoxyribosephosphate back-
bone breakage. In turn, GSH activity is increased, thus
leading to increased tail DNA because GSH decreases
more and more reducible heavy metals to form free radicals
(Li et al. 2010). Therefore, DNA adduct formation is vis-
ible as comet formation in cells.

Conclusion

The effluent from the lock factory in the Shahjamal res-
ervoir has the potential to adversely affect human health
through the consumption of contaminated fish. The results
of the present study show that heavy metals are affecting
fish health and that metal tissue residue levels exceed the
recommended values of Federal Environmental Protection
Agency (1999) for edible fish. The heavy metal-laden
waste material first pollutes the aquatic water body. This
disturbs the physicochemical parameters of the water as
well as the fauna. Thus, the current study was focused on
different parameters that systematically correlate the
impact of heavy metals on fish health because fish respond
to toxic agents present in water bodies similar to greater
vertebrates and can allow the assessment of substances that
are potentially hazardous to humans.

CF gives idea of gross health condition of dweller fishes,
whereas more reliable genotoxic damage was studied
through the use of MNT, which detects cell injuries that
have undergone at least one mitotic cycle and measures
chromosome loss, whereas comet assay detects reparable
injuries (alkali-labile sites) by direct measurement of DNA
strand breakage. Therefore, both tests together are recom-
mended for genotoxic studies to understand underlying
mechanisms of genetical disruptions. The effluent from
lock factories should be monitored regularly, and mitiga-
tion measures should be put in place to protect the eco-
system and human health.
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