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      Introduction 

 The extensive usage of plastic in daily life, driven by its 

large-scale applications has led to a corresponding increase 

in plastic pollution. In present time, microplastics (MPs) 

have become ubiquitous pollutants in aquatic environments, 

causing significant threats to ecological systems. MPs, 

defi ned as plastic particles smaller than 5 mm, has convoked 

global attention due to its potential environmental impacts 

due to longer weathering period and widespread distribu-

tion, in aquatic as well as other ecosystems (Li et al.  2018 ; 

Skalska et al.  2020 ). Moreover, MPs can act as vectors that 

can facilitate the transport of pathogens, invasive species, 

heavy metals and other organic contaminants that adhere 

to their surfaces (Hermabessiere et al.  2017 ). Regardless of 

the fact that riverine ecosystems are approximately contrib-

uting up to 80% of the total plastic pollution entering into 

the world's oceans they remain largely unexplored (Meijer 

et al.  2021 ). The concentration of plastic waste has been 

rapidly increasing, primarily because of the design for single 

use plastic. Previous studies have found that 19–23 million 

metric tons (Mt) of plastic waste entered into aquatic ecosys-

tems globally in the year of 2016, with prognosis indicating 

that this fi gure could rise to 53 Mt annually by 2030 (Smaal 

et al.  2019 ). 

 Children in developing countries like India and Africa, 

mainly under 5 years of age have been suff ered from Protein 

Energy Malnutrition (PEM). Most frequent diseases are 

kwashiorkor and marasmus mainly found in children those 

who are suff er from PEM (Kumari  2017 ). To overcome this 

nutritive gap marine as well as freshwater bivalves would 

play an excellent role as they contain large number of pro-

teins, vitamin B12, omega-3 fatty acids, zinc etc. (Wright 

and Kelly  2017 ). Bivalves including oysters, scallops or 

mussels can be collected from natural waterbodies (river, 

oceans) and also can be farmed in suitable environments. 

In India more than 50 species of mussels are distributed in 

the freshwater ecosystem, the genus  lamellidens  comprise 

nine species with two sub species. Among the genus, the 

most abundant freshwater mussel is  Lamellidens marginalis . 
According to the IUCN,  L. marginalis  is classifi ed as a "least 

concern" organism (Madhyastha et al.  2010 ). The meat yield 

percentage can vary from 16.92 to 21% in  L. marginalis  
with crude protein, fat, moisture and ash content compris-

ing 7.19, 1.64, 83.92 and 3.70% respectively. Additionally, 

it also acquires inorganic minerals like Mn, Cu and Zn with 

large amount of essential and non-essential amino acids 

like Glutamate in highest amount with 67.62%, Aspartate 

being second with 13.77%, then lysine with 5.11%, Serin 

with 4.26%, threonine with 2.52%, Arginine with 1.37%, 

methionine with 1.27% phenylalanine with 1.24%, valine, 

isoleucine, histidine, glycine, tyrosine, cysteine, proline, and 

nearly 32 types of fatty acids are also found. (Jamaluddin 

et al. 2016; Moniruzzaman et al.  2021 ; Sarma et al.  2022 ). 
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Because of the above-mentioned qualities and easy avail-

ability of  L. marginalis  it is widely used as edible muscle in 

Indian subcontinent. Bivalves not only provide signifi cant 

nutritional benefi ts to humans but also have substantial eco-

nomic impacts on local communities. 

 Bivalves also provide a food source for birds, serve as 

habitats for various marine species and play a critical role 

in carbon and nitrogen sequestration, also help in maintain-

ing water quality (Smaal et al.  2019 ). However, due to their 

fi lter-feeding behaviour, bivalves are exposed to various con-

taminants like MPs. According to various fi eld investigation, 

mussels from more than twenty diff erent countries had MPs 

in them (Pazos et al.  2020 ; Li et al.  2020 ). The fi rst line of 

exposure towards MPs through direct ingestion causing vari-

ous physiological damage like injury or clogging of gills and 

gastrointestinal (GI) tract. MPs accumulation has been spot-

ted in various organ like GI tract, soft tissue, valves, gills, 

haemolymph and hepatopancreas, in which fi bers shaped 

MPs found to be prevalent one (Naji et al.  2018 ). 

 Approximately 16% of all animal protein consumed 

comes from seafood products (FAO 2013), which may be 

a signifi cant source of MPs exposure for humans. Among 

seafood sources, bivalves may be the biggest source of MPs 

consumption for humans because they are always eaten as 

of whole. According to estimates, shellfi sh consumption 

in Europe might expose consumers to intake up to 11,000 

MPs particles annually. According to (Van Cauwenberghe 

and Janssen  2014 ), consumers in countries with low shell-

fi sh consumption consume 1800 MPs particles annually 

on average, which is still a signifi cant amount of exposure. 

According to (Smith et al.  2018 ), MPs can harm human 

health through toxicological pathways that include both 

chemical and physical impacts. According to Wright and 

Kelly  2017 , the bio-persistence of MPs in human tissue can 

cause oxidative stress, infl ammation, genotoxicity, apopto-

sis, and necrosis. Human lung tissue extracted from lung 

cancer patients has been shown to have MPs fi bers (Pauly 

et al.  1998 ). Oxidative stress was identifi ed as one of the 

mechanisms of cytotoxicity at the cellular level in a study 

of the eff ects of MPs on human brain and epithelial cells 

(Schirinzi et al.  2017 ). 

 Hence, Improved MPs management is necessary for 

bivalve, fi sheries and food security. Aim of the current inves-

tigation is to determine the characterization of the MPs that 

bivalves consume are connected to variations in the sam-

pling sites. Can these variations serve as a basis for utiliz-

ing bivalves as bioindicators of MPs pollution and whether 

fresh water bivalve species  L. marginalis  is fi t to human 

consumption. This work comprises a combined study of 

fi eld-based data collection and literature review of previ-

ous works to examine the proposed hypothesis, that are: 1. 

Quantitative variations in the concentration and abundance 

of diff erent types (shape, size colour and polymer types) of 

MPs in freshwater bivalve  L. marginalis  across the selected 

study sites in respect to the spatial variation of MPs pollu-

tion level. 2.  L. marginalis  can be used as bioindicator for 

MPs pollution. 

    Material and methods 

   Study sites 

 Jhargram district has been selected as the study site for this 

work. On April 4, 2017, it is separated from Paschim Medin-

ipur District to become the 22nd district of West Bengal. 

Jhargram district has its latitude and longitudinal extent at 

21°52' N to 22° 48' N and 86°34' E to 87°20' E. It is located 

in the southwestern part of West Bengal. Sharing its borders 

with Jharkhand state to the west, Odisha to the south-west, 

Bankura district to the north, Purulia district to the north-

west and Paschim Medinipur shares it’s east and south-east 

bordar. The district has a total area size of 3,037.90 square 

kilometres (1,172.94 square miles) with 370/sq. kilometres 

of population density. There are eight Community Devel-

opment blocks, with Jhargram as a subdivision, which also 

serves as the district headquarters. Kangsabati, Silaboti, 

Dulung and Keleghai river basins are situated in this district 

with receiving 160 cm annual rainfall and it holds numer-

ous freshwater (ponds, lakes, streams, wetlands) ecosystem. 

(Mishra and Chandrakar 2023). 

 Over 40% of people in the Jhargram district are directly or 

indirectly dependent on agriculture, while 30% are engaged 

in collective activities related to forests. As a result, this 

region exhibits a lower level of social and economic devel-

opment (Mishra and Chandrakar  2022 ). Hence a huge num-

ber of local people rely on aquatic resources not only for 

food but economic assistance also. Selected study sites for 

this work were: (1) Gopiballabpur (22.2059°N, 86.8947°E), 

(2) Jhargram Town (22.4562°N, 86.9944°E), (3) Jamda 

(22.3748°N, 87.0131°E), (4) Nayagram (22.0323°N, 

87.1746°E), (5) Lalgarh (22.5833°N, 87.0499°E) and (6) 

Belpahari (22.6321°N, 86.7643°E) comprising both rural 

and urban areas of the district. Every study site receives a 

number of pollutants from various sources including indus-

trial waste runoff , farmland runoff , domestic sewage, river 

discharge and one of the biggest sources of pollutants in 

Jhargram district is the tourist activities. 

 SI, Gopiballavpur, is a town and falls under gram pan-

chayat area of Gopiballavpur I community development 

block situated on the banks of Subarnarekha River, although 

this place is developed, it is a busy town with prominent 

plastic pollution can be seen from various sources. SII, 

Jhargram, town is the headquarter of the Jhargram district 

it is under a municipality area and famous as a tourist des-

tination, with multiple factories and mills like, sponge iron 





578 Proceedings of the Indian National Science Academy (2026) 92:570–585

  Ta
bl

e 
2 

 
     

M
ic

ro
p
la

st
ic

 c
o
n
c
e
n
tr

a
ti

o
n
 w

it
h
 t

h
e
ir

 s
h
a
p
e
, 
si

z
e
, 
c
o
lo

u
r 

a
n
d
 p

o
ly

m
e
r 

v
a
ri

a
ti

o
n
 i

n
 d

iff
 e

re
n
t 

b
iv

a
lv

e
 s

p
e
c
ie

s 
a
c
ro

ss
 t

h
e
 w

o
rl

d
  

  S
tu

d
y
 s

it
e
s  

  B
iv

a
lv

e
 s

p
e
c
ie

s  
  M

ic
ro

p
la

st
ic

 c
o
n
c
e
n
tr

a
ti

o
n
 (

M
P

/g
 o

r 

M
P

/I
n
d
iv

id
u
a
l)

  

  M
ic

ro
p
la

st
ic

 c
h
a
ra

c
te

ri
st

ic
s 

(s
h
a
p
e
, 

le
n
g
th

, 
c
o
lo

u
r)

  

  R
e
fe

re
n
c
e
  

  Jh
a
rg

ra
m

, 
W

e
st

 B
e
n
g
a
l,

 I
n
d
ia

  
   La

m
el

lid
en

s m
ar

gi
na

lis
   

  3
.7

6
 M

P
s/

g
m

 i
n
 g

u
t 

a
n
d
 1

.4
7
 M

P
s/

g
m

 

in
 m

u
sc

le
 t

is
su

e
  

  S
h
a
p
e
 (

fi 
b
e
rs

, 
fr

a
g
m

e
n
ts

 a
n
d
 s

h
e
et

s)
; 

L
e
n
g
th

 (
5
0
–
1
0
0
0
 μ

m
 w

it
h
 p

re
d
o
m

i-

n
a
n
c
y
 o

f 
(1

0
1
–
2
0
0
 μ

m
);

 C
o
lo

u
r 

(r
e
d
, 

b
la

ck
, 

b
lu

e
, 

g
re

e
n

 a
n

d
 w

h
it

e
)  

  P
re

se
n
t 

st
u
d
y
  

  S
a
n
ta

 C
a
ta

ri
n
a
 I

s 
la

n
d
 B

ay
, 
B

ra
z
il

  
  P

a
c
ifi

 c
 o

y
st

e
r 

( M
ag

al
la

na
 g

ig
as

 ), 
b
ro

w
n
 

m
u
ss

e
l 

( P
er

na
 p

er
na

) , 
a
n
d
 s

c
a
ll

o
p
s 

( N
od

ip
ec

te
n 

no
do

su
s )

  

  O
y
st

e
rs

 (
4
.1

1
 ±

 2
.6

7
 i

te
m

s/
in

d
.)

; 
m

u
s-

se
ls

 (
1
.6

3
 ±

 0
.7

4
 i

te
m

s/
in

d
.)

; 
sc

a
ll

o
p
s 

(1
.4

4
 ±

 1
.4

2
 i

te
m

s/
in

d
  

  S
h
a
p
e
 (

fi 
b
e
rs

 a
n
d
 f

ra
g
m

e
n
ts

);
 

 L
e
n
g
th

 (
7
2
.5

 t
o
 5

1
3
8
.1

 μ
m

 w
it

h
 p

re
-

d
o
m

in
a
n
c
e
 o

f 
1
0
0
0
–
5
0
0
0
 μ

m
);

 

 C
o

lo
u

r 
(b

lu
e
 b

la
ck

, 
g

ra
y
, 

re
d

, 
g

re
e
n

 a
n

d
 

o
ra

n
g
e
)  

  B
ro

c
a
rd

o
 e

t 
a
l.

 (
 2
0
2
5
 )  

  S
o
u
th

w
e
st

 c
o
a
st

 o
f 

In
d
ia

 (
K

o
ch

i,
 M

u
n
-

ro
e
 I

sl
a
n
d
, 
A

sh
ta

m
u
d
i 

la
k
e
, 
c
o
a
st

a
l 

re
g
io

n
 i

n
 K

o
ll

a
m

 d
is

tr
ic

, 
E

n
ay

a
m

 

b
e
a
ch

, 
K

a
n
y
a
k

u
 m

a
ri

)  

   Vi
llo

ri
ta

 c
yp

ri
no

id
es

, C
ra

ss
os

tre
a 

m
ad

ra
se

ns
is

, P
ap

hi
a 

m
al

a 
ba

ri
ca

, 
Pe

rn
a 

pe
rn

a   

  1
5
.3

3
 ±

 1
5
.5

6
 M

P
/g

m
  

  S
h
a
p
e
 (

fi 
b
e
rs

, 
fr

a
g
m

e
n
ts

, 
fi 

lm
s,

 b
e
a
d
s/

p
e
ll

et
) 

 L
e
n
g
th

 (
1
0
 μ

m
 t

o
 >

 1
0
0
0
 μ

m
 w

it
h
 p

re
-

d
o
m

in
a
n
c
y
 o

f 
>

 1
0
0
0
 μ

m
 f

o
ll

o
w

e
d
 b

y
 

5
0
0
–
1
0
0
0
 μ

m
);

 C
o
lo

u
r 

(t
ra

n
sp

a
re

n
t,

 

b
lu

e
, 
b
la

ck
  

  A
b
is

h
a
 e

t 
a
l.

 (
 2
0
2
4
 )  

  B
ey

h
a
n
 D

a
m

 a
n
d
 H

y
d
ro

e
le

c
tr

ic
 P

o
w

e
r 

P
la

n
t,

 T
u
rk

ey
  

  Z
e
b
ra

 m
u
ss

e
l 

( D
re

is
se

na
 p

ol
ym

or
ph

a )
  

  3
.4

7
 ±

 2
.6

2
 M

P
/g

m
 (

h
ig

h
e
st

) 
a
n
d
 

1
.0

6
 ±

 0
.9

7
 M

P
/g

m
 (

lo
w

e
st

)  

  S
h
a
p
e
 (

fi 
b
e
rs

 a
n
d
 f

ra
g
m

e
n
ts

);
 L

e
n
g
th

 

(1
0
0
0
 μ

m
 -

2
0
0
0
 μ

m
);

 

 C
o

lo
u

r 
(b

la
ck

, 
b

lu
e
, 

g
re

y
 a

n
d

 r
e
d

)  

  A
ta

m
a
n
a
lp

 e
t 

a
l.

 (
 2
0
2
3
 )  

  M
u
m

b
a
i,

 R
a
tn

a
g
ir

i,
 a

n
d
 S

in
d
h
u
d
u
rg

 

b
e
a
ch

e
s 

o
f 

M
a
h
a
ra

sh
tr

a
  

  Y
e
ll

o
w

 c
la

m
s 

 (M
er

et
ri

x 
ca

st
a )

  
  5
5
.0

4
 ±

 3
2
.1

5
 M

P
s 

it
e
m

s/
g
 i

n
 s

o
ft

 t
is

-

su
e
 a

n
d
 1

3
8
.6

1
 ±

 9
4
.7

4
 M

P
s 

it
e
m

s/

in
d
iv

id
u
a
l  

  S
h
a
p
e
 (

fi 
b
e
rs

, 
fr

a
g
m

e
n
ts

, 
fi 

lm
s,

 p
e
ll

et
);

 

L
e
n
g
th

 (
1
1
 μ

m
 t

o
 3

.8
 m

m
, 
9
 μ

m
 t

o
 

2
.8

8
 m

m
, 
a
n
d
 2

0
 μ

m
 t

o
 1

.9
4
 m

m
 y

et
 

m
o
st

ly
 b

e
lo

n
g
 t

o
 1

–
1
0
0
 μ

m
 r

a
n
g
e
);

 

C
o
lo

u
r 

(t
ra

n
sl

u
c
e
n
t,

 b
la

ck
, 
re

d
, 
b
ro

w
n
, 

b
lu

e
, 
g

re
e
n
)  

  N
a
id

u
 e

t 
a
l.

 (
 2
0
2
2
 )  

  Q
in

g
d
a
o
, 
C

h
in

a
  

  S
c
a
ll

o
p
  (C

hl
am

ys
 fa

rr
er

i) ,
 m

u
ss

e
l 

( M
yt

ilu
s g

al
lo

pr
ov

in
ci

al
is

),  
o
y
st

e
r 

( C
ra

ss
os

tre
a 

gi
ga

s)
  a

n
d
 c

la
m

 (
 Ru

di
-

ta
pe

s p
hi

lip
pi

na
ru

m
 )  

  0
.5

 a
n
d
 3

.3
 i

te
m

s/
in

d
iv

id
u
a
l 

o
r 

0
.3

 a
n
d
 

2
0
.1

 i
te

m
s/

g
m

 o
f 

so
ft

 t
is

su
e
  

  S
h
a
p
e
 (

fi 
b
e
r,

 f
ra

g
m

e
n
t,

 fi
 l

m
, 
a
n
d
 

g
ra

n
u
le

);
 

 L
e
n
g
th

 (
<

 1
0
0
 μ

m
 t

o
 5

0
0
0
 μ

m
);

 

 C
o
lo

u
r 

(t
ra

n
sp

a
re

n
t,

 b
lu

e
, 
b
la

ck
, 
w

h
it

e
, 

g
ra

y
, 
re

d
, 
p
in

k
)  

  D
in

g
 e

t 
a
l.

 (
 2

0
2
1
 )  

  A
ri

y
a
n
k

u
p
p
a
m

, 
P

a
n
it

h
it

tu
, 
a
n
d
 C

h
u
n
-

n
a
m

b
a
r 

in
 P

o
n

d
ic

h
e
rr

y
, 
In

d
ia

  

   Pe
rn

a 
vi

ri
di

s  a
n
d
  M

er
et

ri
x 

m
er

et
ri

x   
  (0

.1
8
 ±

 0
.0

4
, 
1
.8

4
 ±

 0
.6

1
, 
a
n
d
 

1
.7

6
 ±

 0
.4

8
) 

M
P

s/
g
m

 a
n
d
 (

0
.5

0
 ±

 0
.1

1
, 

1
.7

5
 ±

 0
.3

5
, 
a
n
d
 4

.8
0
 ±

 1
.3

9
) 

M
P

s/

in
d
iv

id
u
a
l  

  S
h
a
p
e
 (

m
ic

ro
-f

ra
g
m

e
n
ts

);
 

 L
e
n
g
th

 (
m

aj
o
ri

ty
 s

m
a
ll

e
r 

th
a
n
 1

0
0
 μ

m
);

 

C
o
lo

u
r 

(n
o
t 

m
e
n
ti

o
n
e
d
)  

  D
o
w

a
ra

h
 e

t 
a
l.

 (
 2
0
2
0
 )  

  S
e
o
u
l,

 G
w

a
n
g
ju

, 
a
n
d
 B

u
sa

n
 i

n
 S

o
u
th

 

K
o
re

a
  

  O
y
st

e
r 

( C
ra

ss
os

tre
a 

gi
ga

s )
, 
m

u
ss

e
l 

( M
yt

ilu
s e

du
lis

 ), 
M

a
n
il

a
 c

la
m

 (
 Ta

pe
s 

ph
ili

pp
in

ar
um

 ) a
n
d
 s

c
a
ll

o
p
 (

 Pa
tin

-
op

ec
te

n 
ye

ss
oe

ns
is

 )  

  M
a
n
il

a
 c

la
m

 (
0
.3

4
 ±

 0
.3

1
 p

a
rt

ic
le

s/
g
m

, 

0
.0

3
–
1
.0

8
 p

a
rt

ic
le

s/
g
m

);
 

 o
y
st

e
r 

(0
.0

7
 ±

 0
.0

6
 p

a
rt

ic
le

s/
g
m

, 
0
–
0
.1

9
 

p
a
rt

ic
le

s/
g
m

);
 

 sc
a
ll

o
p
 (

0
.0

8
 ±

 0
.0

8
 p

a
rt

ic
le

s/
g
m

, 

0
.0

1
–
0
.1

7
 p

a
rt

ic
le

s/
g
m

);
 

 m
u
ss

e
l 

(0
.1

2
 ±

 0
.1

1
 p

a
rt

ic
le

s/
g
m

, 

0
–
0
.3

5
 p

a
rt

ic
le

s/
g
m

  

  S
h
a
p
e
 (

fr
a
g
m

e
n
ts

, 
fi 

b
e
rs

, 
fi 

lm
s)

; 

 L
e
n
g
th

 (
<

 1
0
0
 μ

m
 t

o
 3

0
0
 μ

m
)  

  C
h
o
 e

t 
a
l.

 (
 2

0
1
9
 )  





581Proceedings of the Indian National Science Academy (2026) 92:570–585 

hazard ranking model was created for polymer hazard risk 

evaluation based on the chemical composition of poly-

mers (Lithner et al.  2011 ). This model has been applied to 

evaluate the possible health hazards associated with MPs 

in human body (Fang et al.  2019 ; Ding et al.  2020 ). In 

this study PVC, PE, PS, PC and PP were found where 

PVC exhibits the highest hazard score of 10,551 posing 

the highest-level V of hazard score that can cause carcino-

genicity, reproductive toxicity in human, followed by PC 

in level IV causing skin sensation, skin corrosion, acute 

toxicity, reproductive toxicity, serious eye damage and 

specifi c target organ toxicity-single exposure. PS, PE and 

PP falls under level II, II and I respectively causing various 

harmful eff ect on human health including acute toxicity, 

eye irritation, skin irritation for PS, specifi c target organ 

toxicity-single exposure for PE more specifi cally it can be 

seen in both low-density polyethylene (LDPE) and high-

density polyethylene (HDPE) and fi nally PP exhibit fl am-

mable gaseous nature for the propylene monomer present 

in it (Lithner et al.  2011 ). 

     Conclusion 

 In the present study, we investigated the occurrence and 

prevalence of Microplastics (MPs) in the commercially 

signifi cant freshwater bivalves  L. marginalis  within the 

Jhargram district of West Bengal, India. Finding of the pre-

sent work are signifi cantly dependent on pollution level of 

selected study sites, and eventually accumulation of MPs 

within tissues of  L. marginalis  due to their feeding behavior. 

 The observations in MP concentration across spatial 

locations highlights the intricate interactions between 

environmental inputs and biological responses. These fi nd-

ings further emphasize the utility of  L. marginalis  as a 

potential bioindicator for assessing microplastic pollution 

in freshwater ecosystems. The species’ ability to bioaccu-

mulate MPs, coupled with its widespread commercial and 

ecological signifi cance, positions it as a valuable tool for 

monitoring aquatic ecosystem health and human exposure 

to plastic-derived contaminants through the food chain. 

  Table 3       Summaries of all functional groups found in Raman spectra in diff erent microplastic  

  Microplastic 

type  

  Raman peaks 

 (cm −1 )  

  Band assignment    Reference  

  PP    458    Stretching of the C–C vibration    Nava et al. ( 2021 )  

  809    C–C skeletal  

  1040    C–H rocking vibration in plane  

  1167    C=C stretching vibration  

  1371    C–H bending vibration  

  2871    C–H stretching  

  PC    888    Stretching of the [O–(C=O)–O] band    Zimmerer et al. ( 2019 )  

  1178    C–H in plane bending  

  1603    C=C stretching  

  1774    C=O stretching  

  PS    631    Stretching of the C–C vibration    Alam et al. ( 2019 ); Fang et al. ( 2021 )  

  858    C–H bending vibration out-of-plane in the benzene ring  

  1170    C–H twisting vibration in-plane    

  1280    C–H bending vibration  

  1614    C=C stretching vibration  

  1726    C=C stretching vibration  

  PE    1132    Stretching of the C–C vibration within the polyethylene chain    Lenz et al. ( 2015 ), Absher et al. ( 2019 ), 

Dong et al. ( 2020 ), Ripken et al. 

( 2021 )  
  1429    CH  bending or scissoring vibrations due to polyethylene’s methyl-

ene groups  

  1729    C=O stretching vibration due to oxidation  

  2881    C–H stretching in the CH  groups  

  PVC    610    Stretching of the C–Cl vibration    Dong et al. ( 2020 ), Ripken et al. ( 2021 )  

  694    Stretching of the C–Cl vibration  

  1325    CH 2  twisting or wagging vibrations within the polymer chain  

  1724    C=O stretching  

  2911    C–H stretching in the  CH 2  groups  
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