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Abstract: The objective of the present study was to detect Pb and As concentration in water and sediment along with bioaccumulation
factor for the vital organs viz. liver, gill and muscle of Parse fish (Liza parsia) inhabited in Midnapore coastal zone, West Bengal as per
three seasons viz. Pre - monsoon, monsoon and post - monsoon. The metal (loids) concentrations were estimated by using atomic
absorption spectrophotometer (AAS). In the present results, Pb content in estuarine water was exceeded the surface water quality
standard in all seasons but As was observed within the limit for all seasons. Both Pb and As content in sediments were within the
prescribed limit. But the Pb and As accumulation in the vital organs of studied fish were exceeded the prescribed limits. Moreover, Pb
and As accumulation were observed higher in gill and liver compared to muscle, which is within the permissible limits. It is concluded
that still muscles of this fish specimens are safe related to metal (loids) accumulation. It is suggested further to analysis the physico -
chemical parameters of the habitat as well as study with other fish species with these metal (loids).
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1. Introduction

The Midnapur coastal zone comprises about 50 - 60 km
stretch of Digha - Sankarpur - Junput - Tejpur - Mandarmoni
area west side of the Hugli estuary. ™ ~* There are two
irrigation canals such as Khadalgobra and Ramnagar canals,
jointly connected to the Bay of Bengal at the point called as
Digha Mohana as estuarian zone. !

Many reports indicated that the sea and more particularly the
aquatic system near estuaries are the ultimate repository of
all types of industrial, agricultural, municipal, domestic, and
nuclear waste. ©® - *Generally, the coastal zone receives
larger amount of metals or metalloids pollutants and
possibilities to accumulate in the vital organs of aquatic
biota with special reference to fish. 2~

The Parse fish, Liza parsia is an estuarian edible fish and
majorly found inall fish markets of West Bengal. It is
available almost in all seasons. In earlier studies, the metal
Pb content was observed in different finfish species viz.
Polynemusparadiseus (Pabda), Tenualosailisha (llish), Liza
parsia (Parse), Liza tade (Adh - Bhangone), and
Stolephoruscommersonii (Amodi) inhabited in the estuaries
of Gangetic delta of Indian Sundarbans, West Bengal, [*
fish specimen (Tenualosailisha) of coastal zones viz. Digha,
Haldia Island, Gosaba and Annpur in Satjelia Island of West
Bengal. ")

The objective of the present study was to detect Pb and As
concentration in water and sediment along with
bioaccumulation in the vital organs viz. liver, gill and

muscle of Parse fish (Liza parsia) inhabited in Midnapore
coastal zone, West Bengal.

2. Materials and Methods

Study sites: The study site was selected, the Champa river
at Digha estuarysite a connected to Bay of Bengal (Latitude
=21°37'N and Longitude = 88°32'E), West Bengal, India.

Fish specimen: Five fish specimens (Liza parsia) were
collected from the local fish catcher of designated area. Just
died fish species were selected for the present study.

Study period: The study period was selected during the pre
- monsoon, monsoon, and post - monsoon season of the year
2019. It was observed the seasonal variation for all
parameters like Pb and As content in water and sediment,
bioaccumulation in vital organs of studied fish specimen.

Water and sediment sample collection: The surface water
and sediment samples were collected from Champariver in
the two study sites namely study site — 1 and study site — 2
near Digha. In each study site, three sampling stations were
selected, and water and sediment samples were collected
from six numbers andpoured in the 500 ml plastic bottle as
well as Ziplock plastic packet, marked properly with
permanent maker, and transferred to the laboratory for
Pband Asanalysis.

Analysis of Pb and As in water and sediment samples:
Prior to estimation in atomic absorption spectrophotometer
(AAS), all the water and sediment samples were digestedand
estimated separately according to the method described by
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Goldberg et al. ™ For the Pb and As, each sample was
estimated in AAS (model: Agilent Technology 200 Series
AA). The data for Pb and as were recorded in ppm (mg/L)
for water and sediment samples.

Fish samples collection: The fish specimens Liza parsia
were collected from fish catchers near designated study
sites. A total of 10 fish specimens (ranging between 13 - 20
cm in length and 50 - 55 gm in weight) of just died were
collected and immediately dissected the liver, gill and
muscle for the bioaccumulation study for Pb and As. All the
tissues were kept in Ziplock plastic packet and transported to
the laboratory PbandAs analysis.

Prior to estimation in atomic absorption spectrophotometer
(AAS), all the samples (gills, liver and muscle) were
digested and estimated separately according to the method
described by Goldberg et al. ®For the Pb and As, each
sample was estimated in AAS (model: Agilent Technology
200 Series AA). The data for Pb and As were recorded in
ppm (mg/Kg) for all tissue samples.

Determination of bioaccumulation factors: The
bioaccumulation factors (BAFs) are derived mainly by the
ratio of heavy metals concentration in each organ of fish
from the medium like water and sediment, which is further
subdivided into Bio water accumulation factor (BWAF) and
Bio sediment accumulation factor (BSAF) by Lau et al.,
2ysero et al., ) Abd El Gawad. ““The BWAF and BSAF
for Pb metal and As metalloid for each tissue is calculated as
per following formulae:

Pb metal related to water:

BWAF (Liver) = Concentration of Lead in Liver of fish 1
ter) = Concentration of Lead in water (

BWAF (Gills) = Concentration of Lead in gills of fish )
Hs) = Concentration of Lead in water @

BWAF (muscle)
3)

Concentration of Lead in muscle of fish
a Concentration of Lead in water

Pb metal related to sediment:

BSAF (Liver) Concentration of Lead in Liver of fish “
Vi =
tver Concentration of Lead in sediment )

. Concentration of Lead in gills of fish
BSAF (Gills) = - . - ©)
Concentration of Lead in sediment

BSAF (muscle)
(6)

Concentration of Lead in muscle of fish
~ Concentration of Lead in sediment

3. Results

During pre - monsoon, monsoon and post - monsoon (Table
1), the mean + SD value (mg/L) of As was obtained of about
0.002 = 0.00 in the estuarine water while the mean + SD
value (mg/L) of Pb was obtained of about 0.062 + 0.006 in
the estuarine water. The mean + SD value (mg/L) of As was
obtained of about 0.002 + 0.00 in the estuarine water while
the mean + SD value (mg/L) of Pb was obtained of about

0.148 + 0.016 in the estuarine water. The mean + SD value
(mg/L) of As was obtained of about 0.002 + 0.00 in the
estuarine water while the mean + SD value (mg/L) of Pb
was obtained of about 0.180 + 0.006 in the estuarine water.

Table 1: Concentration of As and Pb in estuarine water
(mg/L) as per seasonal variations

Pre - monsoon | Monsoon | Post - monsoon
As (mg/L) | 0.002 +£0.00 | 0.002 +0.00 | 0.002 +0.00
Pb (mg/L) | 0.155+0.006 | 0.148 +0.016 | 0.180 + 0.006

(Mean £ SD; n = 6 in each season)

During pre - monsoon, monsoon and post - monsoon (Table
2), the mean = SD value (mg/Kg) of As was obtained of
about 2.487 + 0.224in the estuarine sediment while the mean
+ SD value (mg/Kg) of Pb was obtained of about 4.452 +
0.114 in the estuarine sediment. The mean + SD value
(mg/Kg) of As was obtained of about 1.775 + 0.149in the
estuarine sediment while the mean = SD value (mg/Kg) of
Pb was obtained of about 3.433 + 0.365 in the estuarine
sediment. The mean = SD value (mg/Kg) of As was
obtained of about 3.253 + 0.493in the estuarine sediment
while the mean + SD value (mg/Kg) of Pb was obtained of
about 5.085 £ 0.320 in the estuarine sediment.

Table 2: Concentration of As and Pb in estuarine sediment
mg/Kg) as per seasonal variations

Pre - monsoon Monsoon Post - monsoon
As (mg/Kg) | 2.487 +£0.224 | 1.775+0.149 | 3.253 +0.493
Pb (mg/Kg) | 4.452 £0.114 | 3.433 +0.365 | 5.085 + 0.320

Mean = SD; n = 6 in each season

During pre - monsoon, monsoon and post - monsoon (Table
3), the mean + SD value (ppm) of As was obtained of about
2.30 £ 0.48, 1.60 £ 0.25 and 1.18+ 0.09in the gills, liver and
muscle while the mean = SD value (ppm) of Pb was
obtained of about 5.99+ 1.79, 3.59+ 0.62 and 3.48+ 0.43in
the gills, liver and muscle. The mean + SD value (ppm) of
As was obtained of about 1.86+ 0.31, 1.55+ 0.49 and 1.06x
0.04in the gills, liver and muscle while the mean + SD value
(ppm) of Pb was obtained of about 4.97+ 1.91, 2.67+ 0.38
and 2.81+ 0.32in the gills, liver and muscle. The mean + SD
value (ppm) of As was obtained of about 2.47+ 0.31, 2.30
0.22 and 1.26+ 0.09in the gills, liver and muscle while the
mean £ SD value (ppm) of Pb was obtained of about 6.10 +
1.22,3.65+ 0.19 and 3.77+ 0.31in the gills, liver and muscle.

Table 3: Accumulation of As and Pb in fish speciemnsof
fish Liza parsia (ppm) as per seasonal variations

Seasons Elements Gills Liver Muscle
Pre — monsoon As 2.30+£0.48 |1.60 +0.25 {1.18+ 0.09
Pb 5.99+ 1.79 |3.59+ 0.62 |3.48+ 0.43
Monsoon As 1.86+ 0.31 |1.55+0.49 |1.06% 0.04
Pb 4.97+1.91 |2.67+0.38 [2.81+0.32
POt - MoNSooN As 2.47+0.31 ]2.30 £ 0.22 |1.26+ 0.09
Pb 6.10 £1.22 |3.65+0.19 [3.77£0.31

Mean = SD; n = 10 in each season

Bio - water accumulation factor (BWAF) and bio - sediment
accumulation factor (BSAF) were obtained for As (Table 4).
In the gills, maximum values of BWAF were observed
during post - monsoon and pre - monsoon season but
comparatively lower in monsoon period. For liver,
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maximum value was observed during post - monsoon
followed by pre - monsoon and monsoon. For muscle, it was
also observed same trend as like gills and liver but
maximum value of BWAF was obtained in gills and
minimum values of BWAF was observed in muscle. For
gills, liver and muscle, the values of BSAF were increased
during monsoon and pre - monsoon but decreased in post -
monsoon but the values for muscle were comparatively
lower than gills and liver.

Table 4: Bio water and sediment accumulation factor for As

in relation to vital organs of fish specimens
Seasons BWAF BSAF

G L M G L M
1150.00 | 800.00 {590.00 [0.92 [0.64 (0.47

Monsoon 930.00 |775.00 |530.00 |1.05 |0.87 |0.60
Post — monsoon |1235.00 {1150.00 {630.00 [0.76 [0.71 [0.39
G = Gills; L = Liver; M = Muscle; BWAF = Bio water
accumulation factor; BSAF = Bio sediment accumulation
factor

Pre - monsoon

The pre - monsoon, monsoon and post - monsoon period, the
study of As indicated that the coefficients of variance
(CV%) value was higher in gill followed byliver but lower
in muscle. The CV% was higher in liver followed by gills
and lower in muscle. The CV% was higher in gill followed
byliver but lower in muscle (Table 5).

Table 5: Coefficient of variation for As metal in relation to
vital organs of fish specimens

Seasons CV%
G L M
Pre - monsoon 20.87 15.63 7.63
Monsoon 16.67 31.61 3.77
Post - monsoon 12.55 9.57 7.14

G = Gills; L = Liver; M = Muscle; CV = Coefficient of
variation

Bio - water accumulation factor (BWAF) and bio - sediment
accumulation factor (BSAF) were obtained for Pb (Table 6).
In the gills, liver and muscle, maximum values of BWAF
were observed during pre - monsoon season followed by
post - monsoon and monsoon season. The values of BWAF
in the muscle and liver were comparatively lower than gills.
For gills and muscle, the values of BSAF were increased
during monsoon while for liver increased in pre - monsoon.
The values of BWAF in the muscle and liver were
comparatively lower than gills.

Table 6: Bio water and sediment accumulation factor for Pb
metal in relation to vital organs of fish specimens
BWAF BSAF
G L M G| L |M
Pre - monsoon |38.65 |23.16 [{22.45|1.35|0.81 [0.78
Monsoon 33.58 {18.04 (18.99 [1.45|0.78 {0.82
Post - monsoon |33.89 |20.28 [20.94 |{1.20 {0.72 {0.74
G = Gills; L = Liver; M = Muscle; BWAF = Bio water
accumulation factor; BSAF = Bio sediment accumulation
factor

Seasons

The pre - monsoon, monsoon and post - monsoon period, the
study of Pb indicated that the coefficients of variance
(CV%) value was higher in gill followed byliver but lower
in muscle. The CV% was higher in gills followed by liver

and lower in muscle. The CV% was higher in gill followed
by muscle but lower in liver (Table 7).

Table 7: Coefficient of variation for Pb metal in relation to
vital organs of fish specimens

Seasons Cv%
G L M
Pre - monsoon 29.88 17.27 12.36
Monsoon 38.43 14.23 11.39
Post - monsoon 20.00 5.21 8.22

G = Gills; L = Liver; M = Muscle; CV = Coefficient of
variation

4. Discussion

As per Bureau of Indian Standard (BIS), [ the drinking
water limit mentioned for Pb as 0.01lmg/Land the surface
water quality standards (as per IS: 2296) is 0.1 mg/L while
for As, the BIS Standards (IS 10500) the maximum
permissible limit in drinking water is 0.01 mg/L. But the
present results for Pb content in estuarine water was
exceeded the surface water quality standard in all seasons
while As was observed within the limit for all seasons.

As per US Environment Protection Agency, [*® the sediment
limit for Pb is 35.8 mg/Kg and the Canadian water quality
guidelines for protection of aquatic life (CCME), the Pb
should be within the standard of 35 mg/Kg. The present
results for Pb content in river sediment within the limit in all
seasons. For As, the acceptable limit is 20.0 mg/Kg in the
agricultural soil as recommended by the European
Community, which was reported in the earlier studies.
[l aystralia New Zealand Food Authority 8 and USEPA
(lrecommended arsenic level is 2.0pg/g and 1.2ug/g for the
fish muscle. While Pb is prescribed at a level of 2 mg/Kg !
but 5mg/Kg as prescribed by European Commission, !
which is within the limit of muscle as edible part of the
studied fish.

Many studies have been indicated that sediment is contained
Pb along with other heavy metals in and around the coastal
zone. B% ¥IThe average Pb metal was observed in the
sediment of Haldi river was 13.9+ 2.7 mg/Kg near Haldia.
BlChatterjee et al. 2 found Pb content in the upstream
(30.7 £ 5.00) and downstream (20.02 + 18.3) of sediment of
river Hooghly at Lot no.8, while in the same place another
study obtained the mean value of Pb about 22.3 and 24.4
mg/Kg in upstream and downstream, respectively. Bin
another study, Banerjee et al. ¥ reported that Pb content in
sediment of Hooghly estuary (23.45 mg/Kg) and core
Sundarbans mangroves (33.59, 28.67 and 28.59 mg/Kg),
respectively. In Jharkhali area of Sundarbans, the Pb in the
sediment was obtained 11.54 mg/Kg. *® In a recent study by
Mandal, ™! reported that mean Pb content was 29.00 + 9.90
mg/Kg in the sediment of river Hooghly near Birlapur, West
Bengal, India.

Beside Pb content in estuarine water, many international
studies also observed As content in water and sediment of
riverine ecosystems ¢ - *! as well as in Indian studies,
several investigators were found As in the water of river
estuaries. [*4-4®
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In comparison with above - mentioned studies, Pb and As
content in the sediment of Champa river estuary or Digha
Mohana was observed much lower throughout the seasons.
But the Pb and As accumulation in the vital organs of
studied fish specimens were exceeded the prescribed limits.
In the present study, Pb and As accumulation were observed
higher in gill and liver than muscle.

According to Amot and Gobas, " BAFs of heavy metal are
classified as per different values such as BAF<1000
described no probability of accumulation, BAF>1000 but
<5000 described as bio - accumulative while BAF>5000
described as extremely bio - accumulative. In the present
study, as per above - mentioned description the
bioaccumulation factors for both the medium like water and
sediment was below <1000, which is indicated no
probability of accumulation but there was a tendency to
accumulate higher in liver followed by gills and lower in
muscle of studied fish specimens. Similar observations were
found in the international study by Ali et al. “®In the present
study, only As accumulation in gills from water was
observed bio - accumulative as >1000 during pre and post -
monsoon period.

5. Conclusion

It is concluded that metal (loids) viz. Pb and As were
obtained in the water and sediment of Midnapore coastal
zone but the concentrations were within the prescribed
limits. Whereas these have accumulated in the vital organs
viz. gill, liver and muscle of L. parsia. However, the risks of
metal (loids) accumulation were lower in muscle compared
to gill and liver, which is supported by BWAF and BSAF for
metal (loids) viz. As and Pb. This study indicated that edible
part of muscle is within the prescribed limit. In a future
study, the analysis of other metals should be emphasized in
the water and sediment followed by bioaccumulation in the
vital organs to identify the causative risk of other fish
species.

Acknowledgement

Authors convey thanks to the fish catcher who helped in fish
specimen collection and technicians of laboratory for AAS
analysis.

Conflict of interest
We declare no conflict of interest.

References

[1] Gupta A. The West Bengal coast: Its nature and
evolution. In: Chatterjee, A. B., Gupta, A.
&Mukhopadhyuay, P. K. (Eds.)) West Bengal. The
Geographicallnstitute, Presidency College, Calcutta,
1970; pp.30 - 37.

[2] Chakraborty SK. Coastal environment of Midnapore,
West Bengal: Potential threat and Management. J
Coast Env.2010; 1 (1): 27 - 40.

[3] Das R, Dandapath P. Existence and experience of
Purba Medinipur coastal belt on its morpho - dynamic
journey  with the distinctive geology and
geomorphology. International Journal of Science and
Research.2014; 3 (6): 1242 - 1251.

[4]

[5]

6]

[7]

8]

[0]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Das M, Biswas SK, Zaman S, Mitra A. Fauna available
in  marine zone (Digha  Coast). BAOJ
Aquaculture.2018; 1: 005.

Mitra A. Status of coastal pollution in West Bengal
with special reference to heavy metals. Journal of
Indian Ocean Studies.1998; 5 (2): 135 - 138.

Sundaray SK. Application of multivariate statistical
techniques in hydrogeochemical studies - a case study:
Brahmani - Koel River (India). Environmental
Monitoring and Assessment.2010; 164: 297 - 310.
Goswami DN, Sharda SS. Determination of heavy
metals, viz. cadmium, copper, lead and zinc in the
different matrices of the Ganges river from Rishikesh
to Allahabad through differential pulse anodic striping
voltametry. International Journal of Advanced
Research in Chemical Science.2014; 1 (5): 7 - 11.
Sarkar SK, Mondal P, Biswas JK, Kwon EE, OkYS,
RinklebeJ. Trace elements in surface sediments of the
Hooghly ~ (Ganges) estuary: distribution and
contamination  risk  assessment.  Environmental
Geochemistry and Health.2017; 39: 1245 - 1258.
Maurya PK, Malik DS, Yadav KK, Gupta N, Kumar S.
Haematological and histological changes in fish
Heteropneustesfossilis exposed to pesticides from
industrial wastewater. Human and Ecological Risk
Assessment: An International Journal.2019a. DOI:
10.1080/10807039.2018.1482736

Maurya PK, Malik DS, Yadav KK, Kumar A, Kumar
S, Kamyabe H. Bioaccumulation and potential sources
of heavy metal contamination in fish species in river
Ganga basin: Possible human health risks evaluation.
Toxicology Reports.2019b; 6: 472 - 481.

Stachnik %, Korabiewski B, Raczyk J, Lopuch M,
Wieczorek I. Arsenic pollution in quaternary sediments
and water near a former gold mine. Scientific
Report.2020; 10: 18458.

Mitra A, Choudhury A. Trace metals in macrobenthic
molluscs of the Hooghly estuary, India. Marine
Pollution Bulletin.1992; 26 (9): 521 - 522.

Samanta S, Mitral K, Chandra K, Saha K,
Bandopadhyay S, Ghosh A. Heavy metals in water of
the rivers Hooghly andHaldi at Haldia andtheir impact
on fish. Journal of Environmental Biology.2005; 26
(3): 517 - 523.

Mitra A, Ghosh R. Bioaccumulation pattern of heavy
metals in commercially important fishes on and around
Indian Sundarbans. Global Journal of Animal
Scientific Research.2014; 2 (1): 33 - 44.

Mitra A, Zaman S. Blue planet reservoir of the blue
planet. Springer publication, 2015.

Mitra A, Zaman S. Basics of Marine and Estuarine
Ecology.1* edition, Springer - Verlag GmbH, 2016.
Chakraborty S, Rudra T, Guha A, Ray A, Pal N, Mitra
A. Spatial variation of heavy metals in Tenualosailisha
muscle: A case study from the lower Gangetic delta
and coastal West Bengal. International Journal of
Innovative Science, Engineering & Technology.2016;
3(4):1-14.

Goswami K, Mazumdar |, Das D. Water quality and
the fate of aquatic life in Torsa river, North Bengal,
India: an analytical study. J Environ Life Sci.2018; 3
(3): 25-31.

Volume 12 Issue 8, August 2023

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR23802102846

DOI: 10.21275/SR23802102846

493



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Paper ID: SR23802102846

Mandal M. Assessment of lead accumulation in muscle
and abnormal nucleation in the peripheral erythrocytes
of fish (Mystuscavisus HAM. - BUCH.) of Hooghly
river downstream. Journal of Advanced Scientific
Research.2020; 11 (1): 202 - 207.

Mitra A, Chowdhury R, Banerjee K. Concentrations of
some heavy metals in commercially important finfish
and shellfish of the river Ganga. Environmental
Monitoring and Assessment.2012; 184: 2219 - 2230.
Goldberg ED, Koide M, Hodge V, Flegel AR, Martin J.
U. S. mussel watch: 1977 - 1978 results on trace
metals and radionuclides. Estuarine, Coastal and Shelf
Science.1993; 16 (1): 69 - 93.

Lau S, Mohamed M, Tan Chi Yen A, Su’Ut S.
Accumulation of heavy metalsin freshwater molluscs.
Sci Total Environ.1998; 214: 113 - 121.

Usero J, Marilla J, Graccia 1. Heavy metal
concentrations in mollusc from theAtlantic Coast of
Sothern Spain, Chemosphere.2005; 59: 1175 - 1181.
Abdel Gawad SS. Acute toxicity of some heavy metals
to the fresh water snail, Theodoxusniloticus (Reeve,
1856). Egyptian Journal of Aquatic Research.2018; 44
(2): 83 -87.

Bureau of Indian Standard (Ed). Specification for
drinking water, Indian Standard Institution. Bureau of
India Standards (BIS) 10500, New Delhi, 2012; pp 1-
5.

USEPA. National recommended water quality criteria -
correction - United State Environmental Protection
Agency EPA 822 - 799 - 001, (http: //www.epa. gov.
/ostwater/pci/revcom), 1999; pp 25.

Rahaman S, Sinha AC, Pati R, Mukhopadhyay D.
Arsenic contamination: a potential hazard to the
affected areas of West Bengal, India. Environmental
Geochemistry and Health.2013; 35 (1): 119 - 132.
Australia New ZealandFood Authority. Food Standards
Code in the Gazette, 1999.

USEPA. Guidance for  Assessing  Chemical
Contaminant, Data for Use in Fish Advisories, Volume
2. Risk Assessment and Fish Consumption Limits.3rd
ed., DC: Washington, 2000.

FAO/WHO. List of maximum levels recommended for
contaminants by the Joint FAO/WHO. Codex
Alimentarius Commission, 1984.

European Commission. Opinion of the scientific
committee on animal nutrition on undesirable
substances in feed, 2003.

Chatterjee M, Silva Filho EV, Sarkar SK, Sella SM,
Bhattacharya A, Satpathy KK, Chakraborty S, Deb
Bhattacharya B. Distribution and possible source of
trace elements in the sediment cores of a tropical

macrotidal estuary and their ecotoxicological
significance. Environmental International.2007; 33:
346 - 356

Chatterjee M, Massolo S, Sarkar SK, Bhattacharya A,
Deb Bhattacharya B, Satpathy KK, Saha S. An
assessment of trace element contamination in intertidal
sediment cores of Sunderban mangrove wetland, India
for evaluating sediment quality guidelines. Environ
Monit Assess.2009; 150: 307 - 322.

Banerjee K, Senthilkumar B, Purvaja R, Ramesh R.
Sedimentation and trace metal distribution in selected
locations of Sundarbans mangroves and Hooghly

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

estuary, Northeast coast of India. Environ Geochem
Health.2012; 34: 27 - 42.

Bakshi M, Ram SS, Ghosh S, Chakraborty A,
Sudarshan M, Chaudhuri P. Micro - spatial variation of
elemental distribution in estuarine sediment and their
accumulation in mangroves of Indian Sundarban.
Environmental Monitoring and Assessment.2017; 189
(5): 221.

Devesa - Rey R, Paradelo R, Diaz - Fierros F, Barral
MT. Fractionation and bioavailability of arsenic in the
bed sediments of the Anllénsriver (NW Spain). Water,
Air, and Soil Pollution.2008; 195 (1 - 4): 189 - 199.
Rubinos D, Iglesias L, Devesa - Rey R, Diaz - Fierros
F, Barral MT. Arsenic release from river sediments in a
gold - mining area (Anlléns River basin, Spain): effect
of time, pH and phosphorous concentration. European
Journal of Mineralogy.2010; 22 (5): 665 - 678.

Costas M, Prego R, Filgueiras AV, Bendicho C. Land -
ocean contributions of arsenic through a river - estuary
- ria system (SW Europe) under the influence of
arsenopyrite deposits in the fluvial basin. Science of
the Total Environment.2011; 412 - 41: 304 - 314.
Rosso JJ, Schenone NF., Pérez Carrera A, Fernandez
Cirelli A. Concentration of arsenic in water, sediments
and fish species from naturally contaminated rivers.
Environmental Geochemistry and Health.2013; 35 (2):
201 - 214.

Prieto DM, Martin - Lifiares V, Pifieiro V, Barral MT.
Arsenic transfer from As - rich sediments to river water
in the presence of biofilms. Journal of Chemistry.2016;
2016: 6092047.

Even E, Masuda H, Shibata T, Nojima A, Sakamoto Y,
Murasaki Y, Chiba H. Geochemical distribution and
fate of arsenic in water and sediments of rivers from
the Hokusetsu area, Japan. Journal of Hydrology:
Regional Studies.2017; 9: 34 - 47.

Stachnik %., Korabiewski B, Raczyk J, Lopuch M,
Wieczorek I. Arsenic pollution in quaternary sediments
and water near a former gold mine. Scientific
Report.2020; 10: 18458.

Jabloniska - Czapla M, Zerzucha P, Grygoy¢ K. Impact
of river water and bottom sediment pollution on
accumulation of metal (loid) s and arsenic species in
the coastal plants Stuckeniapectinata L., Galium
aparine L., and Urtica dioica L.: A Chemometric and
environmental study. Arch Environ
ContamToxicol.2020; 79: 60 - 79.

Pandey PK, Yadav S, Nair S, Bhui A. Arsenic
contamination of the environment: A new perspective
from central - east India.  Environment
International.2002; 28: 235 - 345.

Pandey PK, Nai, S, Bhui A, Pandey M. Sediment
contamination by arsenic in parts of central - east India
and analytical studies on its mobilization. Current
Science.2004; 86 (1): 190 - 197.

Sankhla MS, Kumar R, Agrawal P. Arsenic in water
contamination and toxic effect on human health:
current scenario of India. Journal of Forensic Sciences
& Criminal Investigation.2018; 10 (2): 001 - 005.
Arnot JA, Gobas FA. A review of bioconcentration
factor (BCF) and bioaccumulation factor (BAF)
assessments for organic chemicals in aquatic

Volume 12 Issue 8, August 2023

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

DOI: 10.21275/SR23802102846

494



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

organisms. Environmental Reviews.2006; 14: 257 -
297.

[48] Ali MM, Ali ML, Islam MS, RahmanMZ. Preliminary
assessment of heavy metals in water and sediment of
Karnaphuli ~ river,  Bangladesh.  Environmental
Nanotechnology, Monitoring and Management.2016;
5:27 - 35.

Volume 12 Issue 8, August 2023

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR23802102846 DOI: 10.21275/SR23802102846 495





