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ABSTRACT

In the present study, the mangrove crab Episesarma tetragonum (Fabricius) was collected from the Kollidam
estuary, on the southeast coast of India, to investigate the bioaccumulation of heavy metals in the gills,
muscle, hepatopancreas, and intestine. Episesarma tetragonum crabs were collected from Kollidam estuary
at Mayiladuthurai located along the Southeast coast of India in Mayiladuthurai district, Tamil Nadu,
Southern India. Bioconcentration of heavy metals (copper, chromium, cadmium, mercury, zinc, and lead)
in Episesarma tetragonum crab organs, such as gills, muscle, hepatopancreas, and intestine, was measured
by the preconcentration methodology. The highest heavy concentration was observed in the organ of gills,
compared to intestine, hepatopancreas, and muscle, by copper, chromium, cadmium, mercury, zinc, and
lead. The outcome unequivocally shows that when exposed to heavy metal contamination, the mangrove
crab Episesarma tetragonum experiences increased stress. Understanding the levels of metals in crab is crucial
for managing the environment and for human consumption. The finding indicated that in attempt to confirm
the role of this crab species as a possible bio-indicator of metal contamination in the marine and estuarine
environment, evaluation of heavy metal bioaccumulation should be investigated in future monitoring.

Keywords: Episesarma tetragonum, Copper, Kollidam estuary, Bioaccumulation, Heavy metals.

Introduction

Estuaries serve as a transitional area between rivers
and the ocean and offer a variety of crucial ecosys-
tem services. Anthropogenic contaminants like
heavy metals, PAHs, and fertilizers are often ab-
sorbed and reabsorbed by estuarine zones. Its envi-
ronmental features of abundance, persistence,
bioaccumulation, ecological toxicity, and non-bio-
degradation have made heavy metal pollution a top
priority for environmental scientists (Bantan et al.,

2020; Le Guen et al., 2019). Mangroves are vulner-
able to heavy metal pollution and are the birthplace
of coastal water biodiversity. Nevertheless, little is
known about the trophic transmission mechanism of
heavy metals in the mangrove food web and the as-
sociated health concerns to humans. In sediments
and particulate organic matter, litter, and aquatic
organisms like plankton, arthropods, mollusks, om-
nivorous fish, and carnivorous fish, the concentra-
tions of heavy metals like Cr, Ni, Cu, Zn, As, Cd, Pb,
V, and Co, as well as stable isotope ratios of carbon
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and nitrogen, were assessed (Hu et al., 2024).

Many investigators worldwide have documented
trace element pollution in aquatic environment sedi-
ments due to industrialization (Al-Masri et al., 2002).
Toxic heavy metals have accumulated in aquatic
sediments as a result of human activity. The behav-
ior of metals across sedimentation period has been
studied by numerous researchers using sediments
(Bellucci et al., 2003). High levels of heavy metals are
frequently attributable to human influences rather
than the sediment’s natural enrichment by geologi-
cal weathering, and the presence of elevated levels
of trace metals, particularly in the sediments, can be
a good indicator of pollution caused by humans
(Harikumar and Nasir, 2010). High concentrations
of metals were found in sediments and crab muscles
taken from the mangroves that might be affected (de
Jesus et al., 2021). In the Kollidam estuary on India’s
southeast coast, the estuarine crab Episesarma
tetragonum (Fabricius) is the subject of this study’s
bioaccumulation of heavy metals. Heavy metal end-
points in the environment are highlighted in this
study, as they play a significant part in crab metal
accumulation.

Materials and Methods

Collection and acclimation of experimental crab

Episesarma tetragonum crabs were collected from
Kollidam estuary at Mayiladuthurai (Lat 11.07’N;
Long 79.52'E) located along the Southeast coast of
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India in Mayiladuthurai district, Tamil Nadu,
Southern India. The crabs were acclimatized under
laboratory conditions for 7 days prior to the start of
this experiment. Glass aquaria of 10-liter marine
water capacity were used in this experiment.

Heavy metal analysis

Bioconcentration of heavy metals (copper, chro-
mium, cadmium, mercury, zinc, and lead) in
Episesarma tetragonum crab organs, such as gills,
muscle, hepatopancreas, and intestine, was mea-
sured by the preconcentration methodology de-
scribed by Abdullah et al. (2007). The levels of met-
als concentrated in crabs were expressed as Mean
+SD (ng/gm tissue), using SPSS ver. 20 (N=3).

Results and Discussion

In crabs, the hepatopancreas is an important multi-
functional organ in terms of immunity and metabo-
lism, and in crustaceans, it is the source of innate
immune molecules. The crab hepatopancreas is also
crucial for digestion, nutrient absorption, and stor-
age, similar to the liver and pancreas in mammals. It
secretes digestive enzymes, absorbs and stores lip-
ids, glycogen, and other nutrients, and plays a vital
role in detoxification, immunity, and metabolism.
Additionally, it is involved in processes like growth,
molting, and reproduction (Baoli Zhang et al., 2023).
A crab’s gills are vital multifunctional organs for
respiration, osmoregulation, waste excretion, and
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Fig. 1. Episesarma tetragonum heavy metal concentrations (a: Gills, b: Intestine; c:

Hepatopancreas; d: Muscle).
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nutrient absorption. They extract dissolved oxygen
from water, manage the balance of salts and water
in the crab’s body, eliminate ammonia, and can even
absorb certain nutrients directly from the water. Ter-
restrial crabs have specialized gills adapted for air-
breathing, while aquatic crabs possess a large sur-
face area for efficient gas exchange in water
(Novikov et al., 203).

Present finding Episesarma tetragonum heavy
metal containing maximum level of Copper
(12.78+0.03, 12.11+0.04, 11.67+0.05 and 11.45+0.03
pg/gm tissue) was observed followed by chromium
(1.47+0.04, 1.35+0.03, 1.26+0.03 and 0.87+0.04 ng/
gm tissue), Cadmium (1.31+0.04, 1.07+0.04,
0.85+0.05 and 0.64+ 0.03 png/gm tissue), Mercury
(0.86+0.04, 0.79+0.03, 0.65+0.02 and 0.57+0.03 ng/
gm tissue), Zinc (0.71+0.04, 0.63+0.03, 0.57+0.02 and
41+0.01 pg/gm tissue), Nickel (0.53+0.03, 0.46+0.02,
0.41+0.01 and 0.35+0.02 ng/gm tissue), and lead
(0.51+0.02, 0.43+0.02, 0.37+0.01 and 0.31+0.02 ng/
gm tissue) in the Gills, Intestine, Hepatopancreas
and Muscle organs from Kollidam estuary, South-
east coast of India in Mayiladuthurai district, Tamil
Nadu, Southern India (Figure 1a to d).

Estuarine ecosystems may become contaminated
as a result of heavy metal pollution from industrial
operations along the shore (Khotimah et al., 2025). A
complex and resilient collection of elements, heavy
metals build up in sediments where they can be-
come accessible and even harmful to plants that
have species-specific biochemical reactions to these
stresses. These plant-specific reactions will be mir-
rored in the nutritional value of the debris, which
may influence the food habits of the consumers, in-
cluding grapsoid crabs. Numerous contaminants,
like heavy metals, can build up via food chains to
dangerous levels, which could endanger human
health (Zhang et al., 2019). A unique habitat found
along tropical and subtropical coasts is the man-
grove swamp. It is rich in biodiversity, productive,
and serves a variety of ecological purposes, includ-
ing buffering salinity, protecting against flooding,
and exporting carbon and nutrients to the oceans
and coastal regions. However, mangroves are
known to act as sinks for a variety of contaminants,
including pesticides, petroleum, and heavy metals.
The presence, movement, and destiny of heavy met-
als in mangrove ecosystems worldwide have been
the subject of a number of studies to date (Liu et al.,
2014; Zhang et al., 2014; Bayen, 2012).
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Saher and Siddiqui (2017) identify the heavy met-
als (Fe, Cu, Zn, Co, Cr, Ni, Pb, and Cd) in mangrove
sediments and the fiddler crabs that live there. They
conclude that A. sindensis may be used in pollution
monitoring programs, particularly those that focus
on Pb contamination, along Pakistan’s coastline.
According to research by De Cock et al. (2021), the
accumulation of Zn, Cu, Nji, Cr, As, Pb, Cd, and Hg
was evaluated in various compartments of the com-
mercial red mangrove crab Ucides occidentalis
(Hepatopancreas, carapax, and white meat). The
presence of heavy metals in the crabs raised possible
health concerns for consumers, and adults are ad-
vised to consume no more than eight crabs per
month. Overall, the estuarine crab Episesarma
tetragonum gills had the highest levels of copper,
chromium, cadmium, mercury, zinc, and lead, as
compared to the intestine, hepatopancreas, and
muscle. The study’s findings related to the possible
effects of heavy metals on the estuarine environ-
ment in the Mayiladuthurai district of Tamil Nadu,
Southern India is Kollidam estuary.

Conclusion

The findings indicated that in attempt to confirm the
role of this crab species as a possible bio-indicator of
metal contamination in the marine and estuarine
environment, evaluation of heavy metal
bioaccumulation should be investigated in future
monitoring.
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