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Abstract:
The river Ganga is one of the major recipients of industrial effluent and domestic wastes in India. The present
work deals with the study related to bioaccumulation of heavy metals copper (Cu), chromium (Cr), lead (Pb),
zinc (Zn), cadmium (Cd) and mercury (Hg) in the organ muscle, gill and liver of Cyprinus caprio collected
from the river Ganga at two different sites Kanpur and Allahabad (Utter Pradesh, India) in year 2018-2019.
After analysis it was found that the fish C. caprio of Ganga River at Kanpur site have more heavy metal
bioaccumulation compared to Allahabad site. At both the study site, the bioaccumulation of heavy metals in
muscle and gills was found in the following order respectively: Zn > Pb > Cu > Cr > Cd > Hg; while the
order was different in liver: Pb >Zn >Cu > Cr > Cd > Hg. Results indicate that the level of heavy metals in
all organs of fish were higher at the Kanpur site in comparison to Allahabad site. Out of the all analyzed heavy
metals, Zn was accumulated maximum in muscle (24.35±0.29 µg/g) and in gill (32.45± 0.28 µg/g), while Pb
was maximum in liver (28.65±0.49 µg/g). The results of bioaccumulation level thus indicate that fish at the
Kanpur site suffers more from heavy metals pollution than that of Allahabad site.
Keywords: Cyprinus carpio; heavy metals; bioaccumulation; Ganga River; muscle; gill and liver.
INTRODUCTIN:
In the last few decades the contamination of aquatic ecosystem has emerged as an environmental issue in
respect to heavy metal, Maurya and Malik (2016). Environmental contamination by pollutants including heavy
metals is hazardous to aquatic organisms including fishes (Uysal 2011; Yorulmaz et. al, 2015). Heavy metals
are known to distort the physiological and behavioural processes of animals (Holt and Miller 2011; Mc
Cormick et. al, 2005). Since metals act as endocrine disruptors, they can interfere with synthesis, metabolism
and transport of hormones or receptors (Manjappa and Puttaioh 2005; Nord et. al, 2004; Riddell et. al, 2005;
Stancheva et. al, 2013). The concentration of heavy metals in aquatic environment has increased due to
erosion, domestic, municipal, industrial wastes, intense anthropogenic and agricultural activities in recent years
(Dwivedi et. al, 2015).
India is one of the few selected countries engaged in large scale manufacture, use and export of some of the
toxic heavy metals. Among all kinds of aquatic organisms, fishes are good indicator of heavy metal
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contamination in the aquatic environment (Ael et. al, 2014; Ahmed et. al, 2015; Lasheen et. al, 2012; Le et. al,
2010; Mendil et. al, 2010; Yilmaz et. al, 2007) since they feed and occupy different trophic levels (Dwivedi et.
al, 2015; Phillips et. al, 2014). Fishes are widely consumed throughout the world as a staple food and are a rich
source of proteins with omega-3 fatty acids. The uptake of the pollutants in fish is directly from water via gill
and skin and indirectly from diet (Cui et. al, 2015). It is very likely that heavy metals present in water may get
incorporated in fish and enter the human body via the food chain and thus threatens human health.
Fish C. carpio is an edible freshwater fish of great economic importance comprising of 14.20% total catch
percentage of the river Ganga in sampling area in 2009 (Dwivedi et. al, 2016; Pathak et. al, 2015) and 21.76%
in its major tributary, the river Yamuna in 2011-2012 (Mayank and Dwivedi 2015). The Kanpur and Allahabad
sites of river Ganga have been selected for sample collection because these sites are highly polluted as a result
of domestic, agriculture and industrial waste discharge through several drains (Beg and Ali 2008; Khare et. al,
2011; Kumar et. al, 2009; Mishra et. al, 2009; Rai et. al, 2010). If heavy metal concentrations in fishes are
consumed by human beings exceeds the stipulated limits, it will induce several health problems (Ahmed et. al,
2015; Maleki et. al, 2015). The contaminated fish from these selected areas may cause concern for public
health. No much information is however available on the bioaccumulation of heavy metals in vital tissue
muscle, gill and liver of C. carpio from the Ganga river, India.
The aim of this study was therefore to investigate the seasonal concentration range of heavy metals in muscle,
gill and liver of fish C. carpio from the river Ganga at Kanpur and Allahabad sites of India. Available literature
showed that this is the first report on the seasonal distribution of heavy metals in important vital organs of C.
carpio from the Ganga River.
MATERIAL AND METHODS
Description of sample collection site
The present study was conducted at Kanpur (Latitude 260 42’ 64”; Longitude 800 41’ 42”) has an area of
14,810 km2 and Allahabad (Latitude 250 45’ 00”; Longitude 810 85’00”) has total area of approx 5,482 km2.
Allahabad and Kanpur city are very old and famous metropolitan cities in historical and religious aspect of
India, having a big and holy river Ganga. Different small and big industries as well as cities are situated on the
side of this river. The toxic effluents of industries and domestic wastes are directly disposed in this river
without any pre-treatment and this is the causing agent for increase in concentration of so many kinds of
pollutants. Heavy metal pollution is one of the major pollutants in reverine water. So we have selected these
sites for analysis of heavy metal in the vital tissues of reverine fish Cyprinus caprio.
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Fig: A. Place of origin of Ganga and location of Kanpur and Allahabad from where Ganga River is passing.
Some industrial important town is also seen which releases their effluents and domestic wastes in this river.
Sampling
Total 180 fish samples of 156 to 480 mm length were collected from both the sites in summer, monsoon and
winter of year 2018-2019 (thirty fish in each season from each site). Fish was collected during the time 11.00
am to 12.00 am with the help of local fishermen and transported to laboratory in an icebox on the same day.
All the fish samples were dissected and tissues (muscle, gill, and liver) from each fish were quickly removed,
cleaned with dematerialized pure water and stored at 4 °C in the refrigerator for further analysis.
Determination of heavy metal concentration:
All collected fish samples were brought to laboratory and were dissected with clean surgical instruments. The
dissected tissues from organ were washed with double distilled water and maintained a constant weight of all
tissues. Heavy metal concentrations in the samples were measured using Atomic Absorption Spectroscopy
(AAS) techniques. The atomic absorption spectrophotometer (Model Number SL 173, ELICKO, India) was
used for estimation of heavy metal Cu, Cr, Pb, Zn, Cd and Hg in the sample digests. The aqueous calibration
standards were prepared from the standard stock solutions of the respective elements as reported by Aweke and
Taddese (2004).
Statistical Analysis:
Data were statistically analyzed and the results were expressed as averages (±SD) of three independent
replicates. Comparison of heavy metals effect were conducted by standard ANOVA analysis and multiple
comparison tests were performed using Excel software (Microsoft, USA).
RESULTS AND DISCUSSION:
The heavy metal Cu, Cr, Pb, Zn, Cd and Hg concentrations in muscle, gill and liver tissues of C. carpio are
summarized in Figs. 1-6, which include mean concentrations with associated standard deviations. The results
of the study revealed that metal bioaccumulation pattern in common carp vary according to different organs of
the fish, heavy metals and season as shown in Table 1& 2.
Copper
The copper accumulation was more at Kanpur site as compared to Allahabad site in all organs (Fig. 1). The
highest mean accumulation of Cu was estimated in liver of C. carpio at Kanpur site (8.25±0.44 µg/g wet wt)
while approximately three times less Cu was recorded in muscle at Kanpur site (2.91±0.35 µg/g wet wt). Liver
has highest accumulation of Cu also at Allahabad site (6.85±0.41 µg/g wet wt). Results of the study revealed
Cu pollution at both the sites. Copper toxicity is believed to be partly due to non-specific binding of the metal
ion to biologically important molecules (Camakaris et. al, 1999). The concentration of Cu was 1.2±0.1 µg/g
wet wt in autumn season and 1.1 ± 0.1 µg/g dry weight in winter season in muscle of C. carpio from
Yesihrmak river in Turkey (Mendil et. al, 2010). It is reported that the value of Cu was 0.25±0.02 mg kg-1 wet
weight in muscle, 0.37±0.01 mg kg-1 wet weight in gill, and 17.15 ±0.62 mg kg-1 wet weight in liver of C.
carpio from Porsuk Dam Lake (Uysal, 2011). The lower value of Cu in muscle, gill and liver of C. carpio at
Lucknow are reported at site of river Gomti (Tiwari and Dwivedi, 2014). Cu bioaccumulation can decrease
oxygen consumption in fish. Muscle accumulates the least metal burden as compared to the other organ which
is in accordance with the finding of Gbem et. al, (2001) and Dwivedi et. al, (2015).The accumulation of copper
in the fishes generally occurs via diet or direct exposure (Sfakianakis et. al, 2015). It is shown that Copper
shows distinct affinity at very low concentrations and accumulate in the fish liver and causes its histological
and morphological changes (Jezierska and Witeska, 2006), (Varanka et. al, 2001). The exposure of high
copper concentration in Cyprinus carpio shows the inhibition of catalase enzyme in different organ of fish such
as liver,muscles, and gills (Radi and Matkovics, 1988). It is also shown that the chronic toxic effects of
copper may affect the different physiological parameters such as growth, life span, fertility, immunity and also
changes in natural behavior and physical appearance of organisms (Yacoub and Gad, 2012).
Chromium
The chromium accumulation in C. carpio was grater at Kanpur site as compared to Allahabad site in all organs
(Fig.2). The highest mean accumulation of Cr was estimated in liver of C. carpio at Kanpur site (5.65±0.47
µg/g) while lowest at Allahabad site (3.99±0.45 µg/g). The concentration of Cr was recorded approximately
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two times lower in muscle as compared to the liver at Kanpur site (2.28±0.39 µg/g). (Fig.2). Nayaka et. al,
(2009) reported 2.0 ± 1.2 µg/g dry wt Cr in muscle of C. carpio which was similar to Kanpur site but higher to
Allahabad site of the Ganga river. Benzer et. al, (2013) reported 1.35-1.90 µg/g Cr in muscle of C. carpio from
Mogan Lake, Turkey which is approximately similar to Allahabad site. Contaminant storage, redistribution,
detoxification or transformations are mainly influenced by liver (Al-Yousuf et. al, 2000). Mendil et. al, (2010)
reported 0.11± 0.01 µg/g in summer season from Turkey which was lower than present study. Heavy metal Cr
is reported to affect reproduction as well as growth and behavior of fish, Channa punctatus (Mishra and
Mohanty 2009, 2012).
It is previously reported that, Chromium enters into the aquatic ecosystem mainly through discharged of
effluents from different industries, pharmaceutical industries and tanneries (Abbas and Ali 2007). In water
body, chromium exist mainly into two stable forms i.e. trivalent Cr (III) and hexavalent Cr (VI) states. Out of
them Hexavalent state is more toxic due to its powerful oxidative potential (Lushchak et. al, 2009). Cr
combines with water and accumulated in fish from water through the fish organ gills and further it is
transported via blood to various tissues and organs. It is also reported that Cr shows adverse effect on fish
health in form of growth inhibition, morphological and histological alterations, reactive oxygen species
(ROS) production and loss of immune function (Vera-Candioti et. al, 2011).
Lead
Lead accumulation in different tissues of C. carpio was found to be in the following order: Liver > gill>
muscle at both sites. The lead accumulation was highest at Allahabad site as compared to Kanpur site in only
liver but in case of gill and muscle accumulation was highest at Kanpur site (Fig. 3). The highest mean
accumulation of Pb was observed in liver of C. carpio at Allahabad site (28.65±0.49 µg/g) and approximately
three times lower concentration of Pb was recorded in muscle at Kanpur site (9.08±0.42 µg/g). At Kanpur site
highest accumulation of Pb was also in liver (28.27±0.42 µg/g). Nayaka et. al, (2009) reported 0.004 to 2 µg/g
dry weight Pb in muscle which was lower than the reported level in C. carpio from the Ganga river, India.
It is shown that he lead is mainly accumulated in fish gill, liver and kidneys, and also in digestive tract. High
levels of lead exposure in the aquatic system can cause generative damage, alteration in blood and nerves cells
in fish (Kalay et. al, 1999).
Zinc
In Gill the zinc accumulation was grater at Allahabad site as compared to Kanpur site. The highest mean
accumulation of Zn was higher i.e. 32.45±0.28 µg/g in gill in comparison to muscle 21.93±0.55 µg/g and Liver
23.50±0.49 µg/g of C. carpio at Allahabad site. Zn accumulation in gill, liver and muscle were 30.88±0.41
µg/g, 23.73±0.44 µg/g and 24.35±0.49 µg/g respectively at Kanpur site. (Fig. 4). Strbac et. al, (2015) reported
higher concentration of Zn in muscle (145.46 µg/g) of C. Carpio. Uysal (2011) reported lower concentration of
Zn in muscle (11.75 ±1.02 mg Kg-1 wet weight) but much higher in gill (539.83± 38.96 mg Kg-1 wet weight)
and in liver (205 ± 47.08 mg Kg-1 wet weight) of C. carpio from Porsuk Dam Lake, Turkey. Benzer et. al,
(2013) reported approximately similar concentration of Zn in muscle (17.70 - 45.02 µg/g) but much higher in
liver (89.50 - 218.93 µg/g) from Mogan Lake, Turkey. The accumulation of metals in gill and liver of food
fishes do not directly affect human health because these are not edible parts. Zn is responsible for certain
biological functions, for which a relatively high level is required in body. Zn deficiency can lead to loss of
appetite, growth retardation and immunological abnormalities. Rahman et. al, (2012) reported that Zn
bioaccumulation take place more in fatty tissues, which is also revealed in C. Carpio. The concentration of
metals in gill might be a reflection of their concentration in the water column (Ikem et. al, 2003).
Metallothioneins play an important role in metal homeostasis and in protection against metal toxicity
(Panagiannis et. al, 2004). The liver, kidney and gill therefore may be considered the most appropriate
environmental indicator of water pollution levels (Karadede et. al, 2004). The accumulation of Zinc in fish
results in their growth retardation, mortality and damaging of gill epithelium resulting hypoxia in most of the
fish (Janes et. al, 2001; Plachy 2003).
Cadmium
The cadmium accumulation was grater at Kanpur site as compared to Allahabad site in all organs of C. carpio
(Fig. 5). The highest mean accumulation of Cd was reported in liver of C. carpio at Kanpur site (3.43±0.32
µg/g) and lower at Allahabad site (2.14±0.28 µg/g). Approximately six times lower concentration of Cd was
recorded in muscle at Kanpur site (0.55±0.21 µg/g). As C. carpio is widely used for human consumption, there
are great chances that heavy metals could find their way into the human food chain. Gummadavelli et. al,
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(2013) reported 595±29 µg/g, 344±26 µg/g and 531±29 µg/g Cd respectively in pre-monsoon, monsoon and
post monsoon season in gill of C. carpio collected from Edulabad reservoir, India. Has-schon et. al, (2015)
reported distribution of Cd between liver and muscle with ratio almost 2.5mg kg-1 in C. carpio.
Cadmium is the most toxic metal to both fish and human life. The major sources of cadmium in the
environment are soils, rocks, burning of fossil fuels and municipal waste (Nriagu and Pacyna 1988). The
Cadmium mostly enters into the water body through disposal of wastes from households or industrial effluents.
It greatly affects the reproduction rate of aquatic organisms that can lead to a gradual extinction of their
forthcoming generations and aquatic organisms in polluted waters (Sridhara et.al. 2008). The occupational Cd
exposure cause chronic lung diseases and testicular degeneration (Stancheva et. al, 2013). Cd is a non-essential
heavy metal which is toxic to most freshwater organisms including fishes (Ajima et. al, 2015).
Mercury
The results revealed lowest concentration of mercury in all organs studied compared to other metals. The
mercury accumulation was grater at Kanpur site as compared to Allahabad site in all organs (Fig. 6). The
highest mean accumulation of Hg was estimated in liver of C. carpio at Kanpur site (2.02±0.12 µg/g). Eight
times lower concentration of Hg was recorded in muscle at Kanpur site (0.25±0.09 µg/g). Liver accumulate
highest Hg also at Allahabad site (1.15±0.18 µg/g). The resource of the Hg in the sampling site might be from
the industrial discharge close to the sampling area. The liver to muscle accumulation ratio for Hg was reported
0.564 mg kg-1 by Has-schon et. al, (2015) in C. carpio. Mansouri et. al, (2015) reported lower mercury
accumulation in gill (0.3±0.1 µg/g) and liver (0.2±0.1 µg/g) of male C. carpio. Comparatively higher
concentration of Hg (0.70±0.71 mg kg-1) was reported in tissues of C. carpio by Carrasco et. al, (2011) in the
lower Ebro river, Spain. In fish, muscle is the chief target tissue for organic mercury accumulation while the
liver and kidney tissues are targeted by inorganic and metallic mercury (Navarro et. al, 2009). Khaniki et. al,
(2005) recommended that Hg level in fish depends on methyl mercury accumulation at the base of the food
chain. Mercury is very toxic to organisms and even the low concentration of it could be very hazardous for
health (Cui et. al, 2015).
The river Ganga has been one of the main recipients of industrial and domestic effluents in India. Common
carp C. carpio is a bottom dwelling fish which generally accumulate higher concentration of heavy metals
(Tiwari and Dwivedi 2014). Accumulation of heavy metals was highest in liver as compared to gill and muscle
except zinc which was highest in gill. It was reported earlier that the liver had relatively high potential for
bioaccumulation of heavy metals (Cui et. al, 2015; Dwivedi et. al, 2015; Tiwari et. al, 2015; Yilmaz et. al,
2007) and muscles are not dynamic organ regarding accumulation when compared to liver and gill (Ajima et.
al, 2015; Sen et. al, 2011; Shukla et. al, 2007). In the present study, zinc has the highest concentration in all
tissues followed by lead, copper, chromium, cadmium and mercury. The heavy metal bioaccumulation was
highest in the summer season and lowest in the monsoon season. Similar findings were reported earlier by
Gupta et. al, (2009), Tiwari and Dwivedi (2014) and Tiwari et. al, (2014).
Conclusions
The results of this study clearly revealed comparatively higher metal load at the Kanpur site as compared to
Allahabad in the river Ganga, India. Thus, locality is an important factor for bioaccumulation of heavy metals
in C. carpio collected from the Ganga River, India. From human beings result of present study may be
considered as an important warning signal since the metal concentrations in tissues were although lower than
the permissible limit set by FAO/WHO (2006), and even this concentration may be harmful due the
phenomenon of biomagnifications. The information and results received from this study may be useful for
different environmental agencies for monitoring of marine system and also in the field of management of
human health.
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Figures:

Fig.1 Bioaccumulation of Cu in Caprinus carpio from the Ganga river

Fig.2 Bioaccumulation of Cr in Caprinus carpio from the Ganga river
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Fig.3 Bioaccumulation of Pb in Caprinus carpio from the Ganga river

Fig.4 Bioaccumulation of Zn in Caprinus carpio from the Ganga river
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Fig.5 Bioaccumulation of Cd in Caprinus carpio from the Ganga river

Fig.6 Bioaccumulation of Hg in Caprinus carpio from the Ganga river

JETIR2006134

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

966

© 2020 JETIR June 2020, Volume 7, Issue 6

www.jetir.org (ISSN-2349-5162)

Table 1. Concentration of heavy metal in muscle, gill and liver of C. carpio from the river Ganga at Kanpur site.
Metals (µg/g)

Summer (n = 30)

Monsoon (n=30)

Winter (n= 30)

Muscle
Cu
Cr
Pb
Zn
Cd
Hg

4.83
3.32
13.65
32.67
0.82
0.32

1.82
1.20
4.90
12.50
0.22
0.18

2.09
2.32
8.70
27.90
0.62
0.26

2.75
1.13
7.70
12.67
0.85
0.14

6.46
5.32
17.63
36.41
1.03
0.27

6.31
2.52
11.23
12.31
1.17
0.82

8.13
5.72
33.17
26.16
3.46
1.95

Gill
Cu
Cr
Pb
Zn
Cd
Hg

8.63
7.92
22.56
43.57
2.36
0.38
Liver

Cu
Cr
Pb
Zn
Cd
Hg
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Table 2. Concentration of heavy metal in muscle, gill and liver of C. carpio from the river Ganga at Allahabad site.
Metals (µg/g)

Summer (n = 30)

Cu
Cr
Pb
Zn
Cd
Hg

3.62
1.46
10.45
30.21
0.62
0.25

Cu
Cr
Pb
Zn
Cd
Hg

6.42
3.53
16.34
38.67
1.23
0.37

Cu
Cr
Pb
Zn
Cd
Hg

8.53
5.14
36.63
31.27
2.52
1.64

Monsoon (n=30)
Muscle
1.86
0.73
4.30
13.42
0.22
0.11
Gill
2.03
1.68
7.16
27.23
0.79
0.12
Liver
5.19
2.67
20.82
17.68
1.75
0.62

Winter (n= 30)
2.83
1.21
7.04
22.29
0.33
0.17
4.65
2.35
13.83
31.47
0.97
0.21
6.83
4.17
29.42
21.56
2.15
1.21

REFERENCES:
Abbas HH, Ali FK (2007) Study the effect of hexavalent chromium on some biochemical, cytotoxicological
and histopathological aspects of the Oreochromis spp. Fish. Pakistan J of Biol Sci 10 (22): 3973-3982.
Ael EV, Belpaire C, Breine J, Geeraerts C, Thuyne GV, Eulaers I, Blust R, Bervoets L (2014) Are persistent
organic pollutants and metals in eel muscle predictive for the ecological water quality? Environmental
Pollution 186: 165-171.
Ahmed MD, Baki MA, Islam MS, Kundu GK, Habibullah-Al-Mamun M, Sarkar SK, Hossain MM (2015)
Human health risk assessment of heavy metals in tropical fish and shellfish collected from the river Buriganga,
Bangladesh. Environmental Science and Pollution Research 22(20):15880-90
Ajima MNO, Nnodi PC, Ogo OA, Adaka GS, Osuigwe DI, Njoku DC (2015) Bioaccumulation of heavy
metals in Mbaa river and the impact on aquatic ecosystem. Environmental Monitoring and Assessment. DOI:
10.1007/s10661-015- 4937-0.
Al-Yousuf MH, El-Shahawi MS, Al-Ghais SM (2000) Trace elements in liver, skin and muscle of Lethrinus
lentjan fish species in relation to body length and sex. Science of the Total Environment 256: 87-94.
Aweke K., Taddese W (2004) Distribution of trace elements in muscle and organs of Tilapia, Oreochromus
niloticus, from lakes Awassa and Ziway, Ethiopia. Bulletin of the Chemical Society of Ethiopia 18: 119-130.
JETIR2006134

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

968

© 2020 JETIR June 2020, Volume 7, Issue 6

www.jetir.org (ISSN-2349-5162)

Be KR, Ali S, (2008) Microtox toxicity assay for the sediment quality assessment of Ganga river. American
Journal of Environmental Sciences 4(5): 467-472.
Benzer SA, Uzel HN, Gul A, Yilmaz M (2013) Concentrations of metals in water, sediment and tissues of
Cyprinus carpio from Mogan Lake (Turkey). Iranian Journal of Fisheries Sciences 12(1): 45-55.
Camakaris J, Voskoboinik I, Mercer JF (1999) Breakthrough and views: molecular mechanism of copper
homeostasis. Biochemical and Biophysical Research Communications 261: 225-232.
Carrasco L, Barata C, Garcia-Berthou E, Tobias A, Bayona JM, Diez S (2011) Patterns of mercury and
methylmercury bioaccumulation in fish species downstream of a long-term mercury-contaminated site in the
lower Ebro river (NE Spain). Chemosphere 84: 1642-1649.
Cui L, Ge J, Zhy Y, Yang Y, Wang J (2015) Concentration, bioaccumulation, and human health risk
assessment of organochloride pesticides and heavy metals in edible fish from Wuhan, China. Environmental
Science and Pollution Research DOI: 10.1007/s11356-015-4752-8.
Dwivedi AC, Mishra AS, Mayank P, Tiwari A (2016) Persistence and structure of the fish assemblage from the
Ganga river (Kanpur to Varanasi section), India. Journal of Geography and Natural Disasters 6: 159.
Dwivedi AC, Tiwari A, Mayank P (2015) Seasonal determination of heavy metals in muscle, gill and liver
tissues of Nile tilapia, Oreochromis niloticus (Linnaeus, 1758) from the tributary of the Ganga river, India.
Zoology and Ecology 25(2): 166-171.
FAO/WHO (2006) Evaluation of Certain food additives and the contaminants mercury, lead and cadmium.
WHO technical report, Series No. 505, Geneva: WHO press.
Gbem TT, Balogum JK, Lawal FA, Annune PA (2001) Trace metals accumulation in Clarias gariepinus
exposed to sub lethal levels of tannery effluent. Science of the Total Environment 271: 1-9.
Gummadavelli V, Piska RS, Noothi S, Manikonda PK (2013) Seasonal bioaccumulation of heavy metals in
Cyprinus carpio of Edulabad water reservoir, Andhra Pradesh, India. International Journal of Life Sciences
Biotechnology and Pharma Research 2(3): 127-143.
Gupta A, Rai DK, Pandey RS, Sharma B (2009) Analysis of some heavy metals in the riverine water,
sediments and fish from Ganges at Allahabad. Environmental Monitoring and Assessment 157: 449-458.
Has-schon E, Bogut I, Vukovic R, Glovic D, Bogut A, Horvatic J (20150. Distribution and age-related
bioaccumulation of lead (Pb), mercury (Hg), cadmium (Cd), and arsenic (As) in tissues of common carp
(Cyprinus carpio) and European catfish (Sylurus glanis) from the Busko Blato reservoir (Bosina and
Herzegovina). Chemosphere 135: 289-296.
Holt EA, Miller S (2011) Bioindicators: using organisms to measure environmental impacts. National
Education Knowledge 3(10): 8-14.
Ikem A, Egiebor NO, Nyavor K (2003) Trace elements in water, fish and sediment from Tuskegee Lake,
Southeastern USA. Water, Air, and Soil Pollution 149: 51-75.
Jezierska B, Witeska M (2006) The metal uptake and accumulation in fish living in polluted waters. NATO
Science Series, Netherlands, Springer 107-1014.
Jones I, Kille P, Sweeney G (2001) Cadmium delays growth hormone expression during rainbow trout
development. Journal of Fish Biology 59: 1015–1022.

JETIR2006134

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

969

© 2020 JETIR June 2020, Volume 7, Issue 6

www.jetir.org (ISSN-2349-5162)

Kalay M, Ay O, Canli M (1999) Heavy metal concentrations in fish tissues from the Northeast
Mediterranean Sea. Bulletin of Env. Conta. and Toxi 63(5): 673-681.
Karadede H, Oymak SA, Unl UE (2008) Heavy metals in mullet, Liza abu, and catfish, Silurus triostegus,
from the Ataturk Dam Lake (Euphrates), Turkey. Environment International 30: 183-188.
Khaniki GRJ, Inteaz A, Noroozi E, Nabizadeh R (2005) Mercury contamination in fish and public health
aspects: a review. Pakistan Journal of Nutrition 4: 276-281.
Khare R, Khare S, Kamboj M, Pandey J (2011) Physico-chemical analysis of Ganga river water. Asian
Journal Biochemical and Pharmaceutical Research 2(1): 232-240.
Kumar A, Jaisawal D, Watal, G (2009) Studies on chemical composition and energy transformation in river
Ganga at Kanpur and Varanasi due to environmental degradation. Journal of Environmental Biology 30(3):
445-450.
Lasheen MR, Fagr KH, Abdel-Gawad, Alaneny Aly A, Abd El Bary HMH (2012) Fish as bioindicators in
aquatic environmental pollution assessment: a case study in Abu-Rawash area, Egypt. World Applied Sciences
Journal 19(2): 265-275.
Le DQ, Nguyen DC, Harino H, Kakutani N, Chino N, Arai T (2010) Distribution of trace metals and methylmercury in soft tissues of the freshwater Eel Anguilla marmorata in Vietnam. Archive of Environmental
Contamination and Toxicology 59: 282-290.
Lushchak OV, Kubrak OI, Lozinsky OV, Storey JM, Storey KB, Lushchak VI (2009) Chromium (III)
minduces oxidative stress in goldfish liver and kidney. Aquatic Toxicology 93(1): 45-52.
Maleki A, Azadi NA, Mansouri B, Majnoni F, Rezaei Z, Gharibi F (2015) Health risk assessment of trace
elements in two fish species of Sanandaj Gheshlagh reservoir, Iran. Toxicology and Environmental Health
Science 7(1): 43-49.
Manjappa S, Puttaioh ET (2005) Evaluation of trace metals in the sediments of river Bhadra near Bhadravathi
town, Karnataka, India. Journal Indian Pollution Control 21(2): 271-276.
Mansouri B, Majnoni F, Rezaei Z, Gharibi F (2015). Bioaccumulation of mercury in some organs two fish
species from Sanandaj Gheshlagh reservoir, Iran. Journal of Advances in Environmental Health Research
2(3): 43-49.
Maurya PK, Malik DS (2016) Distribution of heavy metals in water, sediments and fish tissue (Heteropneustis
fossilis) in Kali River of western U.P. India. Int J Fisheries Aquat Stud 4(2):208–15
Mayank P, Dwivedi AC (2015) Biology of Cirrhinus mrigala and Oreochromis niloticus LAP LAMBERT
Academic Publishing GmbH & Co. KG, Dudweiler Landstr 99, 66123 Saarbrucken, Germany, Pp. 188.
McCormick SD, O’Dea MF, Moeckel AM, Lerner DT, Bjornsson BT (2005) Endocrine disruption of parrsmolt transformation and seawater tolerance of Atlantic Salmon by 4-nolyphenol and 1,7B estradiol. General
and Comparative Endocrinology 142: 280-288.
Mendil D, Unal OF, Tuzen M, Soylak M (2010) Determination of trace metals in different fish species and
sediments from the river Yesilrmak in Tokat, Turkey. Food and Chemical Toxicology 48: 1383-1392.
Mishra A, Mukhaijee A, Tripathy BD (2009) Seasonal and temporal variation in physico-chemical and
bacteriological characteristics of river Ganga in Varanasi. International Journal of Environmental Research
3(3): 395-402.
JETIR2006134

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

970

© 2020 JETIR June 2020, Volume 7, Issue 6

www.jetir.org (ISSN-2349-5162)

Mishra AK, Mohanty B (2012) Effect of sublethal hexavalent chromium exposure on the pituitary-ovarian axis
of a teleost, Channa punctatus (Bloch). Environmental Toxicology 27: 415-422.
Mishra AK, Mohanty B (2009) Chronic exposure to sublethal hexavalent chromium affects organ
histopathology and serum cortisol profile of a teleost, Channa punctatus (Bloch). Science of the Total
Environment 407: 5031-5038.
Navarro A, Quiros L, Casado M, Faria M, Carrasco L, Benejam L, Benito J, Diez S, Raldua D, Barata C,
Bayona JM, Pina B (2009) Physiological responses to mercury in feral carp populations inhabiting the low
Ebro river (NE Spain), a historically contaminated site. Aquatic Toxicology 93: 150-157.
Nayaka BMS, Ramakrishna S, Jayaprakash Devi, MR (2009) Impact of heavy metals on water, fish
(Cyprinus carpio) and sediment from a water tank at Tumukur India. Hydrobiologia 38(2): 17-28.
Nord LG, Adams CD, Wixson BG, Loftin KA, Huang Y (2004) Lead, zinc, copper, and cadmium in fish and
sediments from the big river Creek of Missouri’s Old Lead Belt. Environmental Geochemistry and Health 26:
37-49.
Nriagu JO, Pacyna JM (1988) Quantitative assessment of worldwide contamination of air, water and soils by
trace metals. Nature 333(6169): 134-139.
Papagiannis I, Kagalou I, Leo nardos J, Petridis D, Kalfakaou V (2004) Copper and zinc in four freshwater fish
species from Lake Pamvotis Greece. Environmental International 30: 357-362.
Pathak RK, Gopesh A, Dwivedi AC (2015) Invasion potential and biology of Cyprinus carpio (Common carp).
LAP LAMBERT Academic Publishing GmbH & Co. KG, Dudweiler Landstr. 99 66123 Saarbrucken,
Germany.
Phillips NR, Stewart M, Olsen G, Hickey CR (2014) Human health risks of geothermally derived metals and
other contaminants in wild-caught fish. Journal of Toxicology and Environmental Health A 77: 346-365.
Plachy J (2003) Cadmium In USGS. US geological survey minerals yearbook- 2003 (pp. 15.1–15.5). VA,
USA: Reston.
Radi AAR, Matkovics BM, (1988) Effects of metal ions on the antioxidant enzyme activities, protein contents
and lipid peroxidation of carp tissues. Comp. Biochem. and Physi 90(1): 69-72.
Rahman MS, Molla AH, Saha N, Rahman A (2012) Study on heavy metals levels and its risk assessment in
some edible fishes from Bangshi river, Savar Dhaka, Bangladesh. Food Chemistry 134: 1847-1854.
Rai PK, Mishra A, Tripathi BD (2010) Heavy metal and microbial pollution of river Ganga: a case study of
water quality at Varanasi. Aquatic Ecosystem Health and Management 13(4): 352-361.
Riddell DJ, Culp JM, Baird DJ, (2005) Behavioural response to sublethal cadmium within an experiment
aquatic food web. Environmental Toxicology and Chemistry 24: 431-441.
Sen I, Shandil A, Shrivastava VS (2011) Study for determination of heavy metals in fish species of the river
Yamuna (Delhi) by inductively coupled plasma-optical emission spectroscopy (ICP-OES). Advances in
Applied Science Research 2(2): 161166.
Sfakianakis DG, Renieri E, Kentouri M, Tsatsakis AM (2015) Effect of heavy metals on fish larvae
deformities: A review. Environmental Research 137: 246- 255.
Shukla V, Dhankhar M, Prakash J, Sastry KV (2007) Bioaccumulation of Zn, Cu and Cd in Channa
punctatus. Journal of Environmental Biology 28(2): 395-397.
JETIR2006134

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

971

© 2020 JETIR June 2020, Volume 7, Issue 6

www.jetir.org (ISSN-2349-5162)

Sridhara CN, Kamala C, Samuel S, Raj D (2008) Assessing risk of heavy metals from consuming food grown
on sewage irrigated soils and food chain transfer. Ecotox. and Env. Safety 69(3): 513-524.
Stancheva M, Makedonski L, Peyecheva K (2014) Determination of heavy metal concentrations of most
consumed fish species from Bulgarian black coast. Bulgarian Chemical Communications 46(1): 195-203.
Strbac S, Kasanin-Grubin M, Jovancicevic B, Simonovic P (2015) Bioaccumulation of heavy metals and
microelements in Silver bream (Brama brama L.), Northern pike (Esox lucius L.) Starlet (Acipenser ruthenus
L.), and Common carp (Cyprinus carpio. L.) from Tisza river, Serbia. Journal of Toxicology and
Environmental Health A 78: 663-665.
Tiwari, A., Kushwaha, A.S., Dwivedi AC (2015) Accumulation of heavy metals in liver, muscle and gill of
Cyprinus carpio from the Ganga River at Varanasi, Uttar Pradesh. Journal of the Kalash Science 3(1): 47-51.
Tiwari A, Dwivedi A.C, (2014) Assessment of heavy metals bioaccumulation in alien fish species, Cyprinus
carpio from the Gomti River, India. European Journal of Experimental Biology 4(6): 112-117.
Tiwari A, Dwivedi AC, Shukla DN, Mayank P (2014) Assessment of heavy metals in different organ of
Oreochromis niloticus from the Gomti river at Sultanpur, India. Journal of the Kalash Science 2(1): 47-52.
Uysal K (2011) Heavy metal in edible portions (muscle and skin) and other organs (gill, liver and intestine) of
selected freshwater fish species. International Journal of Food Properties 14: 280-286.
Varanka Z, Rojik I, Varanka I, Nemcsok J, Abraham M (2001) Biochemical and morphological changes in
carp (Cyprinus carpio L.) liver following exposure to copper sulfate and tannic acid. Comp. Bioch. and Physi
128(3): 467-477.
Vera-Candioti J, Soloneski S, Larramendy ML (2011) Acute toxicity of chromium on Cnesterodon
decemmaculatus (Pisces: Poeciliidae). Theoria 20(1): 81- 88.
Yacoub AM, Gad NS (2012) Accumulation of some heavy metals and biochemical alterations in muscles of
Oreochromis niloticus from the River Nile in Upper Egypt. Int. J. of Env. Sci. and Eng 3: 1-10.
Yilmaz F, Ozdemir N, Dermirak A, Tuna L (2007) Heavy metal levels in two species Leuciscus cephalus and
Lepomis gibbosus. Food Chemistry 100: 830-835.
Yorulmaz B, Yilmaz F, Geng TO (2015) Heavy metal concentrations in European Eel (Anguilla anguilla L.,
1758) from Koycegiz-Dalyan lagoon system. Fresenius Environmental Bulletin 24(5): 1607-1613.

JETIR2006134

Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org

972

