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ABSTRACT

This study aimed principally to asses the contamination of heavy metals like Zn, Cu, Ni, Cd,
and Pb are analysis in water, sediment and food fish Channa striata from the lake Kolleru. The study
of contamination levels will be use full for environmental remediation and ecosystem restoration at
contaminated sites and its provides a scientific data and protective measures for the lake.

The study aimed principally to access such contamination by examining the results of heavy
metals Zn, Cu, Ni, Cd, and Pb analysis in water Sediment and food fish Channa. This study would
allow identification of different accumulation metals as well as provides as assessment of the
Magnitude of the metal contamination in the swamp environment.

INTRODUCTION

Lakes are important source of fresh water and it represents additional storage capacity of hydrological
systems. Artificial and natural changes in either quality or quantity of water may alter not only the stream
flow regime but also the water balance of the region, affecting ecological balance in the region. Fresh water is
an important need to the human being and is considered as the “elixir of life”. It is consuming in the largest
quantity throughout the world for drinking, irrigation, hydropower generation and aquaculture.

India is blessed with unparalleled resources of rivers, reservoirs, estuaries, lakes, ponds and flood
wetlands. Natural waters are extremely varies in chemical composition and the factors controlling the
composition include physical, chemical and biological processes. Fresh water has been more important to the
humankind and other living organism of the environment for sustenance of life and maintaining the balance
of the nature; hence “Rivers, lakes, ponds and reservoirs are the major components for the water resources”.
Fresh water represents a very small part of the total water on the earth.

Fishes are the valuable source of high grade protein and other organic products. They occupy significant
position in socio economic fabrication of South Asian countries by providing nutritious food for population
and also as an employment opportunity. Freshwater fishes provide valuable source of food supply to the
inhabitants of countries located in tropical regions.
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More than 10.86 million people are depended on these different water systems in India and their
fisheries. From past decade, the weather in India has become less predictable due to climate change, so these
situations make it important to store river water in the form of reservoirs.

Reservoirs ‘the man-made lakes’ are constructed with the aim of generation of electricity and water
storage for purpose of irrigation. Along with that, these water bodies have tremendous potential for fisheries
that in turn has several economic and social advantages.

The present study highlights the potential of reservoirs in India with reference to fish community and
biodiversity perspectives for conservation as well as stock enhancement and management challenges and
advocates for planning innovative strategies for sustaining river and reservoir fish biodiversity.

Murrels belongs to the family channidae can be recognized by the shape of head, which resembles that
of snake hence termed as snake head. Murrels contribute important fresh water fishery in various parts of
India and in great market demand because of their pleasant tasty flesh and presence of less number of
bones/spines.

Contamination of heavy metals in the environment is a major global concern, because of toxicity and
threat to the human life and ecosystem. The levels of metals in all environments, including air, water and soil
are increasing in some cases to toxic levels, with contributions from wide variety of industrial and domestic
sources. Metal contaminated environments pose serious threat to health and ecosystems.

Roane and Pepper (2000) have classified metals into three categories on the basis of their biological functions
and effects: -

. The essential metals with known biological functions [viz., Na, K, Mg, Ca, V, Mn, Fe, Co, Ni, Cu, Zn, Mo,
and W]
2 The toxic metals [viz., Ag, Cd, Sn, An, Hg, Ti, Pb, Al] and metalloids [viz., Ge, As, Sb, and
Se]

MATERIALS AND METHODS

Samples of the present study were collected over a period of two years from the Kolleru lake
including 3 Stations: Station 1 (Western Zone), Station 2 (Eastern Zone), Station 3 (Upputeru Drain). The
data of fish length and weight are recorded. The gut contents were dissected and preserved 5% formalin. The
content of each stomach was examined using binocular microscope. A weight of the stomach of the
individual fish was recorded, based on the weight of the stomach and body weight of the fish. Gastro
Somatic Index of individual fish was calculated using the following formula.

The data of fish length, weight were recorded. The gut content was dissected and preserved 5%
formalin. The content of each stomach was examined using binocular microscope. A weight of the stomach
of the individual fish was recorded, based on the fish body weight of the fish. Gastro Somatic index of
individual fish was calculated using the following formula.

Weight of the Stomach
Weight of the fish

Gastro Somatic index (GSI) =

X100

Gut contents were analyzed both qualitatively and quantitatively (Hynes, 1950). The volume of food in
each gut of fish was measured by Pillay, (1952) and various food items are identified.
The food content found in the stomach was divided into five groups.
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1. Gorged : Stomach was heavy food

2. Full : Stomach was full with food

3. % Full : Stomach was % full and slightly distended
4. Y4 Full : Stomach was ¥4 food

5. Empty : Stomach without food

Point’s method: The degree of apparent fullness of the stomach was determined and points was
assigned. Gorged (1.25), Full (1.00), ¥ Full (0.50), ¥ Full (0.25), Empty (0.00).

HEAVY METAL ANALYSIS

Water: For estimation of heavy metal in water, 500ml of water sample was filtered and was subjected
to nitric acid digestion. For digestion, 5ml of 6 N HNO3 was added to 50 ml of the sample followed by
heating to slow bill till the digestion was completed Which was indicated by a light colored clear solution.
The digested sample was used for metal estimation using atomic Absorption spectrophotometer as per APHA
(1992).

Fish: The edible part of muscle tissues and non-edible part and liver of the fishes were separated and
washed with tap water followed by double distilled water, weighed and then oven dried to constant weight at
101°C for 3 hours. The dried fish samples was crushed and powered in an agate mortar, and then stored in
sample bottles at 30°C further analysis. The dried muscle and liver tissue samples of a 2.5 = 0.25 mg each fish
was digested using microwave digestive system. After digestion, the residues ware filtered to 25 ml with
2.5% of HNO03. Approximately 1 ml of concentrated HNO3 was added to the water samples to prevent
microbial utilization of heavy metals. Suspended particulate matter in a water sample was separated by
filtering through 0.45mm what man GF/c filter. The digested water, sediment and fish samples were assessed
the Atomic Absorption Spectrometry (AAS).

Health risk assessment

Health risk assessment was calculated only for fish muscle. The liver was eliminated according to
common house hold practices in this area.
Estimated daily intake (EDI):
EFx EDx FIRXCf xCm
] [ x10°3
WABXTA
EF = The exposure frequency 365 days/year.
ED = The exposure duration, equivalent to average life time (65 years).

FIR = The fresh food ingestion rate (g/person/day) which is considered to be India 55 g/ person/day (Mitra et al.,

2012).

Cf = The conversion factor (= 0.208) (The content of fresh weight (fw) to dry weight (dw) considering 79% of

moisture content).

Cm = The heavy metal concentration in food stuffs (mg/kg dw).
WAB = Average body weight (bw) (average body weight to be 60kg).

TA = Is the average exposure of time for non carcinogens (It is equal to (EFXED) as used by in many previous

studies (Wang et al., 2005).
Target hazard quotient:

THQ =EDI
RFD
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RFD: Oral reference dose (mg/kg bw/day)

THQ” below 1 means the exposed population is unlikely to experience obviously adverse effects,
whereas “THQ” above means that there is a chance of non-carcinogenic effects, with an increasing
probability as the value increases

Correlation among metal content in the water, sediment, muscle and liver of fish From June 2023 to
May 2024

STATION -1

Correlations
WATER. SEDIMENT MUSLE LIVER

Zinc | Copper| Nicksl| Cadmium | L2ad | Zinc | Copper| Nicksl | Cadmam| Lead | Zinc | Coppar| Nickel| Cadmaum | Lead | Zinc | Copper| Nickel | Cadmfum | Laad

Zinc 1
— | Coppar 938- 1
Nickal 8427 971 1
Cadmifom| .8267 | .2107"| .882" 1
Lead 0507 8147 046 376" 1
Zinc 9637 9567 9507 8707 [ 9437 1
| Copper |.0517) 0537 | 911~ 8407|8527 043 1
SEDIMENT | Nicksl |.0497| .0107| .55~ 7947|0307 | .e597| 806" 1
Cadmium| .7297| .620 536 402| 527 .6347| .734 589 1

Lead 9237 7857 .815™ .6817| .8327| .884"| .8557| 000" 744" 1

Zinc 9287 | 8077 0127 7527] 8347 | .0447) 0307 | .046™ 7107 0217 1
| Copper | .8037| .8377| 851" (6367|7967 .8857| .844™| 903 747|017 | 0647 1

MUSLE |Nicksl |.0557| .0107| 057" 7997 0307 | .0607| 8057|004 -5837| 0167 | .0537] 011 1
Cadmim| .8357| .9247| 056~ 7987 8717 .8057| .8127] 0007 406 6857 | .8617| .8137) .004™ 1

Lead .0277| .8397| .873" .688"[ .8197| .8387| .883™| .875" 7277 2127 | 0067| 807 | .884” 7527 1

Zinc 0147 0307 | 075" 860" 0337 .0487| .8657| .056™ 481 .8467 | 923 8767 | .068 0487 | .859 1
| Copper | .0347| .8457| .864™ JJ117) 8797 .0407| .8507| 0337 .7007[ 9547 | 0507| 0547 | 953 8037 | .8727] .0017 1
LIVER |Nickel |.0577| .0517| 977" 8567|0327 ] .0737| 0257 | .062™ 6017 .8807 | 0617| 2117 077" 0227 | .0047) 0827 | 0317 1
Cadmfm | .8007 | .660"| .705° 430 6657 | .7787| .7437] .792” .7577(.8837[.8777| .9207) .818” 656" | .8397| 7467 | .805™| .800” 1
Lead 0407) 0727 | .000” .8767) .9357] .0507| .020™| .57 .5047[.8487 [ 0457| 8067 | 062" 0457 ) .8017| 0767 | .00 | 08T 7437 1

¢*_ Comn=lation is significant at tha 0.01 level (2-tailad).

*. Correlation is siznificant at the 0.05 lavel (2-tailad).

Correlation among metal content in the water, sediment, muscle and liver of fish From June 2023 to
May 2024

STATION -II

Correlations
water sadiment muscle liver
Zinc | Copper| Nickel | Cadmfum | Lead | Zinc | Copper| Nicksl | Cadmfum| Laad | Zinc | Copper| Nickal| Cadmium | Laad | Zinc | Copper| Nickel| Cadmifum | Lead

Zic 1

Copper | .9307 1
Water I'Nickal | .060°| 979 1
Cadmam| 8607 | 032" | 001 1
Lead |.9327[ 8717 8817 8107 1
Zinc | 957 | 891 | .9427| 806 | 879 | 1

Copper | .0447( .8797| 0107 .8317|.8347(.961° 1
sadiment| Nicksl |.9437| 2167 [ .9587| 8577 |.9157|.9307| .883" 1
Cadmim|.8447 [ 7107 .778" 6757|.8467( 8087 | 8467 | 85T 1

Lead 8347 7157|7707 6697 | .B417(.8507| 78977 85T EoS 1
Zinc 177 8657 0187 217 .8407( L0617 | 0147 0287 .8867| .8717 1

Copper | .9347( 806 | .887" 7537[.8297] 9327 9247 L0207 8727 8207 | 0277 1
muscle | Nicksl |.0407( .0197| 0647 8167 [ .8817( .0127| .8537( .9727 7867 [ .8127 [ .9217[ .8987 1
Cadmam|.7237( .678°( 7727 533 [ 5797|7737 L7567 809 6407| 6027 [ .8407| 8187 .798 1

Lead 0557 .8037[ 0537 .7797|.8567|.9697| .9357(.0437| .8467|.8337|.9577| .0357(.0607| 836" 1

Zinc 3737 7057|7697 .542 | .8207| .8407 | .7047| .836” .8217| .8247| .8747| .8037| .852" L6447 [ 8307 1

Copper | .0247| .8627| 9317 4T .8447] 9717 017 Les2” 0017|8747 [ .9807| .9507[ 9357  .B6T [.9707|.8647 1

liver Nicksl |.9217| 2037 .954” 7947 .8467( 0417 | 8807 [ 976" 8507|8547 | 9687 0187 .0647| .B64T|.9397|.8457| 9817 1
Cadmam| .612°| .457| .542 282 | 6497 7057 5857 .674 7397|7207 7567 (7207 658 6317 [ .6927| .8807| .7427| .708° 1
Lead 9707|8757 .e88” .8987 | .8727( .9377| 9207 | 8317 7507].7497| 8977 .BBLT|.9517| (7407 | .9347|.7367| 2057 .e28” 535 1

#¢ Corralation is zignificant at tha 0.01 laval (2-tailed).
. Corrzlation is significant at the 0.05 laval (2-tailad).
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Correlation among metal content in the water, sediment, muscle and liver of fish From June 2023 to
May 2024

STATION-II

Correlations
WATER SEDIMENT MUSCLE LIVER
Zinc | Copper | Nickel | Cadmium | Lead | Zinc | Copper | Nickel | Cadmium | Lead | Zinc | Copper | Nickel | Cadmium | Lead | Zinc | Copper [ Nickel | Cadmium [ Lzad
Zinc 1
Capper 0s5™ 1
water | N | oo gqe :
Cadmium| gg9- | 963~ | 9017 1
el 046™| 2537| 0437 942” 1
b 307~| 9377|0147 9747|029 1
Copper | o5~ | 30| ses~| g7~ [s31-| o1 1
SEDDENT [N¥ | o30~| 015|056~ 040~ [o31|o30| s00"| 1
Cadminm| 210~ 620°| 201°|  657| 707 7aam| maav| 250" 1
el 841 | 760 853" 303|840 836™| 8577| 028~ 896~ 1
Zine 9207 | 0487 | 922" 9377 | 010 | 968™| 063 | 043~ 7617 | 841" 1
Copper | gsa~| 237~ | sos~|  s3ev|sos~|sse| ea17| o367 | 736 so1| 032~ 1
MusCLE [N [ o35~ g47-f 0e3~| 038~ 08| 0s0~| ear~| o6s~| 726~ |s8s67| 0r0| ese" 1
Cadming | 196~ 7517 846™ 7107 7357 | 75077 7627 836” 5087 7367|803 | 8027| g74” 1
e 013~ | 8s517| 938~ 339|805 8737 8717| 260 7437|0017 014~ | 938™| 026™ 907" 1
b 7437 | 8107 | 788~ 780" | 717 | 837" 907| 820~ 6757 7237 021 | 9207| 9003~ 8157 | 823 1
Copper | 51| 910~ 48 915~ | 017~ | 941~| o058~ 972 806~ | 015 961 | 943~ | 970 840~ | 9477 | 84 1
LvER [N [o15-) geo-| esiv| 53| sea~|sse~| 002~ o617 | 700~ 9147|025 | @527 ese~| 920~ |ose™| s3] 072 1
Cadminm | 65| s0s| 735" 552| 6167| 5837 6427| 756~ 547 7087| 6747 8237| 7537 9337|8647 | 7267 | 7177 848" 1
el 865~ | 8037| s80” 9217 | 8507 9637 9647| 9357 7827 | 8477 077 | 9467 | 056~ 7067 8897 | 024 | 9447 | 011” 680°) 1
** Corrslation is siznificantat the 0 01 level (2-miled)
* Correlation is siznificant at fhe 0 05 level (2-zilad)

Risk assessment

The Target Hazard Quotient (THQ) estimated for the individual heavy metals through consumption of
fish. The results showed that fishes are accumulated the highest concentration of Zinc, demonstrating that this
species could be valuable as bio-indicator in environmental survey.

THQ values of Fish Channa striata from 2023-2024

S. No. Heavy Metals Station-I Station-I1 Station-111

| —

Zinc (Zn) 5.27+0.6 49+ 04 5305

DN

Copper (Cu) 2.4+ 0.05 2.47+ 0.07 2.5+ 0.08

w

Nickel(Ni) 1.1+ 0.0 1.12+0.048 1.1+ 0.045

SN

Cadmium (Cd) 0.3+ 0.03 0.3+ 0.07 0.31+ 0.05

(611

Lead (Pb) 1.07+ 0.028 1.09+ 0.024 1.1+ 0.026
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CONCLUSION

Heavy metals and other toxic compounds from industrial effluents are noted for their high potency for
high level disorders. Deposition of such harmful industrial products, wastes and contaminants into the lakes
possess serious problems to the environment.

The seasonal variation of heavy metals in water and selected food fishes of Channa straiata in the three
stations in the lake Kolleru was investigated in the present study. The concentration of heavy metal in the
organisms in relation to those in sediment and tropic level was also studied to assess the ecological risk.

Seasonal variations play an important role in accelerating the distribution dissolved metals in lake
Kolleru. Metals like Zn, Cu, Ni, Cd and Pb received by the lake water, varied seasonally with minimum
distribution occurring in the monsoon months and maximum in summer months. This minimum most likely
reflects on the reduced input of these metals from non-point sources together with effluents from industrial
flow and maximum concentration due to the VTPS and other anthropogenic activities. The concentration of
metals, Zn was higher followed by Cu, Ni, Pb and Cd. The metal concentration in Kolleru lake at VTPs
region might be due to the presence of industrial effluents from different sources (Already mentioned in
Previous slide).

Based on the results obtained regarding levels of metals in fish Channa striata, variations in metals like
Zn, Cu, Ni, Cd and Pb in the muscle and liver. Among the tissues liver goes highest record compare with
muscle. The concentration of metal in the specific tissues can give possible evidence of environmental
pollution by specific metals at given site of study area.

The levels of various metals in fish tissues goes Zn is highest concentration in both muscle and liver.
Followed by Cu, Ni, Pb and Cd. Cadmium is the lowest concentration recorded in both muscle and liver in
the case of Channa striata. Cadmium levels have been found to be minimum in fish tissue, but it is toxic even
at very low concentration.

Fish is the most important food sources and intake of heavy metal from, capture fishery, especially
toxic elements, are great concern for human health THQ values for the present study higher than 1 in case of
Zn where as Cu, Ni, Pb and Cd are below 1.

REFERENCES

Adaholia, U. N., Shrivastava, V., Chakravarty, A., Vyas, A. and Jacob, M. 1991. Hydrography of

Mansarovr servoir, Bhopal. Proc. Nat. Symp. Planning for Environ. Sus. Dev., New Delhi. Adefemi, S. O.,
Asaolu, S. S. and Olaofe, O. 2008. Determination of heavy metals in Tilapia mossambicus fish, associated
water and sediment from Ureje dam in south-western Nigeria. Res. J. Environ., 2: 151-
155. Adhikari, S., Ghosh, L., Giri, B. S. and Ayyappan, S. 2009 .Distributions of metals in the food web of
fishponds ofKolleru Lake, India. Ecotoxicol. Environ. Saf., 72(4): 1242-1248. Ahmed ASS, Sultana S, Habib
A, Ullah H Musa N, Hossain MB. 2019. Bioaccumulation of heavy metals in some commercially important
fishes from a tropical river estuary suggests higher potential health risk in children than adults. PLoS ONE
https://doi.org/10.1371/journal.pone.0219336 . 14(10): e0219336. Ahmed, M. and Alireza Shayestehfer,
1992. Diurnal fluctuations in population density of zooplankton from North sagar, Paithan (Maharastra).
Proc. Acad. Envi. Biol., 1(2): 173-178. Alam, M. and Bhargava, S. C. 1979. Diurnal rhythm of zooplankton
in relation to certain physic-chemical factors at Sambhar Lake.

Geobios (Suppl.) 6: 314-317. Ali, M. H. H. and Abdel-Satar, A. M. 2005. Studies of some heavy metals in
water, sediment, fish and fish diets in some fish farme in El-Fayoum province, Egypt. Egpt. J. Aqut. Res.,
31(2): 261-273. Al-Kahtani, M. A. 2009. Accumulation of heavy metals in Tilapia fish
(Oreochromisniloticus) from Al-Khadoud spring, Al-Hassa, Saudi Arabia. Amer. J. Appl.Sci., 6(12): 2024-
2029. Amaraneni, S. R. (2006) Distribution of pesticides, PAHs and heavy metals in prawn ponds near Kolleru
Lake weland, India. Environ. Int., 32(3): 294-302. 105 Amaraneni, S. R. and Pillala, R. R. 2000a. Kolleru
Lake water pollution by pesticides. Indian J. Environ. Hith., 42(4): 169-175. Amaraneni,

S. R. and Pillala, R. R. 2000b. Environmental impact of aquaculture on Kolleru Lake. Indian J. Environ.
Toxicol., 10(1): 1-4. Amaraneni, S. R. and Pillala, R. R. 2001. Concentrations of pesticide residues in tissues
offish from Kolleru Lake in India. Toxicol. 16(6): 550-556. Amin, S.M.N., A. Arshad, S.B. Japar and S.S.
Siraj, 2009. Age structure, mortality and yield-per-recruit of sergestid shrimp, Acetes indicus (Decapoda:
Sergestidae) from the coastal waters of Malacca, Peninsular Malaysia. J. Applied Sci., 9:801 814.
Anjaneyulu, Y. 2003. Assessment of environmental quality of Kolleru Lake and strategic management plans.

[IJCRT2502562 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | e817


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 2 February 2025 | ISSN: 2320-2882

In: Lake Kolleru: Environmental Status (Past and Present), eds. Anjaneyulu, Y and Durga Prasad, M. K., BS
Publications, Hyderabad, pp. 3-15. Ansari, Z. A.; Achuthankutty, C. T. and Dalai, S. G. 2006. Over
Exploitation of Fishery Resources, With Particular Reference to Goa; [In: Multiple Dimensions of Global
Environmental Changes (Ed.): Sonak, S.]. TERI, New Delhi; pp 285-299. Ansyari, P and S. Ahmadi. Food
habits and biolimnology of snakehead larvae and fingerlings from different habitats. AACL Bioflux, 2020, 13
:(6) . 3520- 3530. APHA 1992. Standard methods for the examination of water and wastewater, 18th edition.
American public health association, Washington, DC. APHA, 1980. Standard methods for the examination of
water and wastewater, 15th edition. APHA, New York, USA. Ashish S, Lakhyahira B. Effect of Lead, a
major heavy metal in natural water bodies on Channa punctatus. Gorteria Journal. 2021;34(9):7-12.. 106
Asonye, C. C., Okolie, N. P., Okenwa, E. E. and Iwuanyanwu, U. G. 2007. Some physico-chemical
characteristics and heavy metal profiles of Nigerian rivers, streams and waterways. African Journal of
Biotechnology, 6(5), 617-624. Ayyappan Nair, 1978. Production of a tropical sandy beach at Benaulim, Goa,
Indian J.Mar. Sci., 17, 163- 167. Azeez, P. A., Ashok Kumar, S., Choudhury, B. C., Sastry, V. N. V. K,,
Upadhyay, S., Reddy, K.

M. 2011. Report on the proposal for downsizing the Kolleru Wildlife Sanctuary (+5 to +3 feet contour).
Government of India: Submitted to the Ministry of Environment and Forests www.thehindu.com/multimedia/
/Kolleru_Report9Apri_549380a.pdf , Accessed 02 June 2016. Azemi, A.K.; Mustapha, S.; Mohammed, M.;
Rasool, A.H.G.; Ishak, R.; Mat Jais, A.M.; Mokhtar, S.S. Review of Pharmacological Properties of Channa
Striatus (Haruan) In Diabetes and Cardiovascular Complications. Preprints 2021, 2021080200. (doi:
10.20944/preprints202108.0200.v1. Baddar, Z. E., Peck, E., & Xu, X. Y. 2021. Temporal deposition of
copper and zinc in the sediments of metal removal constructed wetlands. Plos One, 16 (8). https://
doi.org/10.1371/journal.pone.0255527 . Bakhshalizadeh, S.; Mora Medina, R.; Fazio, F.; Parrino, V.; Ayala
Soldado, N. 2022. Determination of the Heavy Metal Bioaccumulation Patterns in Muscles of Two Species of
Mullets from the Southern Caspian Sea. Animals 2022, 12, 2819. https://doi.org/10.3390/ ani12202819
Barbara J and M. Witeska, 2006. The Metal uptake and accumulation in fish living in polluted waters, In: Soil
and Water Pollution Monitoring- Protection and Remediation, Twardowska, I. (Ed.), Springer, pp. 3-23.
Bedoya,

P. C. H., Pinzon-Bedoya, M. L., Pinedo- Hernandez, J., Urango-Cardenas, |., & Marrugo-Negrete, J. 2020.
Assessment of potential health risks associated with the intake of heavy metals in fish harvested from the
largest estuary in Colombia. International Journal of Environmental Research and Public Health, 17(8), 2921.
https:// doi. org/ 10. 3390/ ijerp h1708 2921. 107 Bhargavi, K., Krishnan , P., Anand, A., Kantharajan , G.,
Landge, A. T., & Nayak, B. B. 2022. A remote sensing approach to explore the available water spread for
fisheries development in the reservoirs of Godavari River Basin, Telangana, India. Indian Journal of Fisheries,
69(4). Bhargavi. K., P. Krishnan, A. A. Ganesan Kantharajan., A. T. Landge and Binaya B. Nayak. 2022. A
remote sensing approach to explore the available water spread for fisheries development in the reservoirs of
Godavari River Basin, Telangana, India. Indian J. Fish., 69(4): 14-27.DOI: 10.21077/ijf.2022.69.4.123322-02
Bhattacharjee, S., Chakravarty, S., Maity, S., Dureja, V. and Gupta, K. K. 2005. Metal contents in the
groundwater of Sahebgunj district, Jharkhand, India, with special reference to arsenic. Chemosphere, 58:
1203-1217.

Bhattacharya, P., Chatterjee, D. and Jacks, G. 1997. Occurrence of arsenic- contaminated groundwater in
alluvial aquifers from deltaplains, Eastern India: Options for safe drinking water supply.Water Resources
Development. 13:79-92. Braga RR, Bornatowski H, Vitule, JRS. 2012. Feeding ecology of fishes: an
overview of wordwide publications.Reviews in Fish Biology and Fishries. 22:915- 929. Candiotto F. B., A. C.
V. Freitas-Junio, R. C. A. Neri, R. S. Bezerra, R. V. Rodrigues, L. A. Sampaio and M. B. Tesse.2018.
Characterization of digestive enzymes from captive Brazilian flounder Paralichthys orbignyanus. Brazilian
Jour.of Biology. 78,( 2) : 281-288 Cao, Q., Yan, R., Yang, L. 2023. Effects of water—coal interactions on coal
mine water quality in China: a lixiviation experiment and actual water quality investigation. Environ Sci
Pollut Res (2023). https://doi.org/10.1007/s11356 022 - 25116-9 Celen, M., Oruc, H. N., Adiller, A., Tore, G.
Y., & Engin, G. O. 2022. Contribution for pollution sources and their assessment in urban and industrial sites
of Ergene River Basin, Turkey. International Journal of Environmental Science and Technology, https:// doi.
org/ 10. 1007/ s13762- 022- 03919-

0. 108 Chakraborty, R., Das SK and D.Bhakta. 2016. Food and feeding habits of Channa Punctatus (Bloch,
1973) from water bodies of Nadia district, West Bengal. Inland Fish Soc. India. 48 (2): 88 -92 2016. Chandra
Sekhar, K., Chary, N. S., Kamala, C. T., Suman Raj, D. S. and Sreenivasa Rao, A. (2003) Fractionation
studies and bioaccumulation of sediment-bound heavy metals in Kolleru Lake by edible fish. Environ Int.,
29(7): 1001-1008. Chang. JS, Yu KC, Tsai LJ, Ho ST. Spatial distribution of heavy metals in bottom
sediment of Yenshui River, Taiwan. Water Science and Technology. 2018;38(11):159-167. Chapman PM,

[IJCRT2502562 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | e818


http://www.ijcrt.org/
http://www.thehindu.com/multimedia/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 2 February 2025 | ISSN: 2320-2882

Allen HE, Godteredsen KZ, Graggen MN. 1996. Evolution of bioaccumulation factors in regulating metals.
Envirn. Sci. Tech., 30: 448. Chaurasia M. and Pandey

G.C. 2007. Study of physico-chemical characteristics of some water ponds ofAyodhya Faizabad. JEP 27
(1):1019-1023. Chen, J., Qian, H., Gao, Y., Wang, H., & Zhang, M. (2020). Insights into hydrological and
hydrochemical processes in response to water replenishment for lakes in arid regions. Journal of Hydrology,
581, 124386. Chen, Y. and Chen, M. 2001. Heavy metal concentrations in nine species of fishes caught in
coastal waters off Ann-Ping, S. W. Taiwan. J. of Food and Drug Analysis, 9(2): 107-

114. Chi-Man, L. and Jiu, J. J. 2006. Heavy metal and trace element distributions in groundwater in natural
slopes and highly urbanized spaces in Mid-Levels area, Hong Kong. Water Research, 40(4): 753-767.
Choudhury, S.B. and R.C. Panigrahy, 1991. Seasonal distribution and behavior of nutrients in the Creek and
coastal waters of Gopalpur, East coast of India: Mahasagar-B ull. Nati. Inst., Oeanogr., 24 (2): 91-88.

[IJCRT2502562 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | e819


http://www.ijcrt.org/

