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The accumulation trends of Cu, Zn, Pb and Ni and their eAects on two native species, Etroplus suratensis
and Villorita cyprinoides from Cochin estuary and their biomarker responses were explored. Bioaccumulation and metal selectivity index (MSI) in E. suratensis for gill and liver showed the highest accumulation for Zn (209.33 ± 17.14 mg kg1) followed by Cu (64.16 ± 8.07 mg kg1), while in V. cyprinoides
Cu showed the highest accumulation (80.78 ± 6.92 mg kg1) in gill tissue followed by Zn (65.28 ± 7.06 mg
kg1). Histological alterations were evaluated in gill and liver tissues of E. suratensis using histopathological index (Ih) method. Lamellar hyperplasia and deformed lamellar architecture were the evident changes in gill tissue, while the alterations in liver tissues were marked by the presence of
melanomacrophage centers and necrotic lesions in liver parenchyma. The high target hazard quotient
(THQ) obtained for Pb (0.94) indicated that the daily consumption of aquatic products contaminated
with metals Pb, Cu and Zn has obvious health risk to human consumption. Thus, the elevated metal
accumulation rate in the tissues with supportive histological changes suggests that these alterations can
serve as definite signature of heavy metal contamination in native organisms of Cochin estuary.
Keywords. Etroplus suratensis; Villorita cyprinoides; biomarker changes; target hazard quotient.

1. Introduction
Although metals are ubiquitous in aquatic ecosystems from natural sources, they are escalating with
global trends of urbanization and industrialisation
contributing significantly to anthropogenic share of
heavy metals in the environment (Machado et al.
2016). Being elements, metals can neither be created nor destroyed and therefore, once extracted

from the core they are eventually dispersed into the
environment. In the present condition, the extraction from ores is significantly higher than the natural rate of renewal resulting in elevated heavy
metal content in the ecosystem, especially in the
coastal water bodies such as the Cochin estuary.
Several studies have documented the increasing
magnitude of trace metal contamination in Cochin
estuary and associated water bodies for the past
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few decades and it is considered as one among the
most vulnerable industrial hotspot of the world
(Ciji and Bijoy Nandan 2014; Bindu et al. 2015;
Don Xavier et al. 2019). The contaminants, especially heavy metals have caused serious concern in
aquatic bodies due to their inherent toxicity, vast
sources, persistence and non-degradability. Such
distinctive features of the contaminants help them
to propagate through the food web, eventually bioaccumulating to dangerous levels posing potential
risk to aquatic health (Ali et al. 2019). The prevailing restrictions on the hydrology of the estuary
and the coastal region at large, favour the longterm accumulation of contaminants that get magniBed along the trophic food chain of the ecosystem
(Bijoy Nandan and Nimila 2012; Anu et al. 2014).
Thus, it is essential to monitor the dispersal
pathways of contaminants and their eAects on the
organisms which are essential for environmental
forensic investigations and future mitigative
measures.
Despite extensive studies our knowledge on
metal pollution from various sources, uptake and
the detrimental eAects of heavy metal bioaccumulation on native organisms is still elementary. So,
the accumulation trends of Cu, Zn, Pb and Ni
and their eAects on two native species, Etroplus
suratensis and Villorita cyprinoides were explored.
Also, the speciBc biomarker responses of these
metals on V. cyprinoides were conducted to assess
the Brst line of toxicity changes in the organisms.

2. Materials and methods
Fish Bngerlings of native Bsh, E. suratensis (length
3–5 cm; weight 2–3 g) and healthy black clams,
V. cyprinoides (25–30 mm) were collected from the
northern (Chittor), central (Bolgatty) and southern (Thevara) region of Cochin estuary (Bgure 1)
during the pre-monsoon (PRM), monsoon (MN)
and post-monsoon (PM) seasons during 2015–2017
period. The samples collected were free from any
other contamination of other organic contaminants
such as organochlorine pesticides, PCBs and
PCDDs. The collected organisms were immediately
brought to the Marine Ecotoxicology Laboratory,
CUSAT in polythene bags with minimum stress as
per standard protocols (OECD 2002; USEPA
2007).
All the experiments were conducted based on the
standard protocols approved by the ethical committee of the Department of Marine Biology,
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Cochin University of Science and Technology
(CUSAT). The tissue samples from organisms,
E. suratensis and V. cyprinoides for heavy metal
analysis were rinsed in milli Q water, weighed and
dried in oven at 60°C and was ground to Bne
powdered using mortar and pestle. The processed
samples were transferred to boiling tubes which
were then placed into a Kjeldhal digestion block
(KEL PLUS digester (model: KES 04L)) and
samples were digested by diacid 1:5 (HClO4:
HNO3) treatment at 1808C for 4.5 hr and the
supernatant solution was Bltered in Whatmann
Blter paper (1 lm) and made up to 25 ml for
measurement (GrasshoA et al. 2009). The accuracy
of organism sample analysis was assessed by
replicate analyses of the elements in the certiBed
reference materials, ERM-BB422 certiBed by the
Institute for Reference Materials and Measurements (IRMM), Belgium. The analytical errors
observed were 2.5 to 11.1% for Cu, 7.8 to 11.0%
for Ni, 4.0 to 15.0% for Pb, and 7.1 to 8.2% for
Zn. Following the preparation, tissue samples of
organisms were analyzed in Atomic Absorption
Spectrophotometer (Model: Spectra AA 220 FS) at
NCCR, National Institute of Ocean Technology
campus (formerly ICMAM) and conformed in
Inductively Coupled Plasma Atomic Emission
Spectrometer (ICP-AES) (Model: Thermo Electron IRIS INTREPID II XSP DUO with detection
limit of ppb level: Cu 10, Mn 10 Ni 10, Pb 50 and
Zn 10 ppb) at Sophisticated Test and Instrumentation Centre (STIC) of Cochin University of
Science and Technology. The heavy metal concentration in organisms is expressed in mg kg1.
The tissue samples were checked by both atomic
absorption spectrophotometer (AAS) and later by
inductively coupled plasma atomic emission spectrometer (ICP-AES) in order to validate the
accuracy of tissue samples obtained from two different equipments and also in comparing the
recovery rates after the assay.
Fishes and clams have an innate homeostatic regulation of the metal concentration in tissues to a
certain level after which the bioaccumulation will
occur. The aDnity for bioaccumulation of heavy
metal in tissues is controlled by the total concentration of all the metals in the tissue which is directly
linked to the level of pollutants persisting in the surrounding environment. Metal selectivity index (MSI)
was estimated for E. suratensis and V. cyprinoides
according to Nair et al. (2006). MSI is the percentage
of absolute concentration of a metal in a tissue to the
total concentration of all metals in that tissue.
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Figure 1. Map of Cochin estuary showing sampling stations.

The histopathological studies and techniques
are based on the methods described by Costa
et al. (2009). Fixed tissues were passed through
ascending alcohol series, cleared in xylene and
embedded in parafBn wax. After tissue inBltration, tissue sections of 5–6 lM thickness were
ribboned using rotary microtome (Leica RM2125
RTS: Leica Biosystems). After deparafBnization,
sections were rehydrated, stained with DelaBeld’s
hematoxylin and eosin, mounted with DPX and
slides were photographed using light microscope
(Olympus CX2li) with attached digital camera
(Nikon Coolpix S3300). The assessment and
description of histopathological condition indices
(Ih) change for gill and liver was estimated using
weighed indices approach by Bernet et al. (1999)
and Costa et al. (2009). According to Bernet
et al. (1999), based on Bve reaction patterns,
histopathological (HP) changes are classiBed
accordingly to circulatory, regressive, progressive,
inCammatory and neoplastic changes (table 1).
Each histopathological alteration was assigned
an importance factor ranging from 1 (minimal
importance) to 3 (marked importance) depending
on the lesion and its pathological significance.
Score values are speciBed on the basis of degree
and extent of lesions ranging from 0 (unchanged)
to 6 (severe occurrence). The histopathological
alterations were calculated according to Costa
et al. (2009) using the formula:

Pj

i Wj ajh
;
Ih ¼ P
j
i Mj

ð1Þ

where Ih is the histopathological index for each
individual h; Wj is the relative weight of jth
histopathological alteration; ajh the score value
selected for the jh alteration and Mj is the
maximum for jth alteration.
The lysosomal membrane stability test in V.
cyprinoides collected from the Cochin estuary was
performed using the protocol used for the neutral red
assay by Lowe et al. (1995). The haemocytes were
examined for both structural abnormalities and
neutral red retention time. The retention time of the
neutral red by the lysosomes is recorded by estimating the proportion of cells displaying leakage
from the lysosomes into the cytosol and/or exhibiting abnormalities in lysosomal size and colour.
When 50% or more of the cells exhibited leaking
lysosomes (recognised by the neutral red probe being
distributed throughout the cytosol), the time was
noted and the examination of the cells was concluded. Following a further 15 min, each preparation
was observed at 30 min intervals until a total time of
120 min. The stained sections were studied under a
compound research microscope (Olympus CX 2li),
and photomicrographs were taken using a photomicrography system (Nikon Coolpix S3 300).
Scoring process was carried out using the standard
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Table 1. Histopathological changes in gills and liver of Bsh and their importance weight (w) from
Cochin estuary during 2015–2017 period.
Organ
Gills

Reaction pattern
Regressive changes
Progressive changes

Liver

InCammatory responses
Regressive changes
Progressive changes

procedure (Martınez-G
omez 2015). For assessment
purposes, Neutral Red Retention time (NRRT)
was assessed against the background assessment criteria (BAC = 120) and environmental assessment
criteria (EAC = 50) developed for the technique.
The human health risk assessment of heavy
metals (Cu, Zn and Pb) was estimated for human
consumption from the Beld samples of E. suratensis
collected on seasonal basis from Cochin estuary
during 2015–2017 period using the standard protocol of Liu et al. (2018). The health index was
estimated based on the target hazard quotient
(THQ) using the formula:
THQ ¼ EDI =RfD ;

ð2Þ

where EDI is the estimated daily intake and RfD is
the oral reference dose.
The EDI was calculated using the formula:
EDI ¼ ðC  DC Þ=BW ;

ð3Þ

where C is the mean contaminant concentration;
DC is the daily aquatic products consumption for
the population; and BW is the average human body
weight.
If the THQ values are below 1, there is no
obvious risk in the consumption of aquatic products; if THQ value is greater than 1, the consumption of aquatic products might impose a
health hazard to the consumers. E. suratensis was
selected for the human health risk assessment
because it is one among the major aquatic products
consumed and is an inCuential Bsh in the lifestyle of
Cochin estuary and Kerala.

2.1 Data analysis
The data obtained using various parameters
of bioaccumulation of metals in organisms,

Histopathological alteration

w

Epithelial lifting
Deformation of lamellae
Lamellar fusion
Hyperplasia
Melanomacrophage centres
Necrosis
Hepatocytic vacuolation
Presence of Eosinophil bodies

1
1
1
2
1
3
1
2

histopathological changes in E. suratensis and
lysosomal membrane stability changes in V.
cyprinoides were statistically tested through analysis of variance (ANOVA), using SPSS version
17.0 software to determine the significance of the
results.
3. Results
3.1 Bioaccumulation and metal selectivity index
(MSI) in Etroplus suratensis
The tissue-speciBc bioaccumulation of heavy metals (Zn, Cu, Pb and Ni) were analysed for gill, liver,
muscle and bone tissues of E. suratensis. Significant variations in accumulation rates for heavy
metals in speciBc tissues were observed on seasonal
basis (ANOVA F(5, 12) = 78.02, q = 0.000). The
highest accumulation rates in tissues were observed
in tissues during the non-monsoonal periods compared to monsoon period. Zn showed the highest
accumulation (209.33 ± 17.14 mg kg1) in gill tissue during PRM followed by Cu in PM (64.16 ±
8.07 mg kg1). The highest accumulation rates in
liver were observed in Zn during PM (157.75 ±
13.67 mg kg1) followed by Cu in PRM (57.72 ±
15.34 mg kg1). The muscle tissues showed the
highest accumulation of Zn (73.37 ± 6.40 mg kg1)
during PRM followed by Pb (26.72 ± 4.46 mg
kg1) during PM (Bgure 2). The bone tissue had
the highest accumulation rate represented by Cu
(36.23 ± 5.15 mg kg1) in PRM followed by Zn
(14.53 ± 1.79 mg kg1) in MN period (Bgure 2).
The highest MSI value for Zn (84.14%) in gill was
observed during PRM and for liver (73.47%) it was
in PM and based on MSI value, the aDnity for
metal was in the order as Zn [ Cu [ Ni [ Pb for
gill tissues (ANOVA F(2, 9) = 68.04, q = 0.000)
and Zn [ Cu [ Pb [ Ni for liver tissues (ANOVA
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Figure 2. Bioaccumulation and metal selectivity index (MSI) in Etroplus suratensis (a) gill, (b) liver, (c) muscle, and (d) bone.

F(2,9) = 41.28, q = 0.004). The highest MSI value
for Zn (83.56%) was observed in muscle during
PRM. The bone tissues had the highest MSI value
(57.50%) for Cu in PRM and the metal aDnity for
muscle (ANOVA F(2,9) = 40.21, q = 0.001) and
bone (ANOVA F(2,9) = 27.86, q = 0.000) tissues
were in order as Zn [ Pb [ Cu [ Ni and Cu [
Zn [ Pb [ Ni.
3.2 Bioaccumulation and metal selectivity index
(MSI) in Villorita cyprinoides
The tissue-speciBc accumulation of heavy metals
(Zn, Cu, Pb and Ni) exhibited significant variations on seasonal basis in gill and foot tissues of
V. cyprinoides (ANOVA F(5, 12) = 55.67, q =
0.000). The gill tissues showed the highest accumulation of Cu (80.78 ± 6.92 mg kg1) during
PRM followed by Zn (65.28 ± 7.06 mg kg1) during PM (Bgure 3). The highest accumulation rate
(99.35 ± 5.15 mg kg1) in foot tissue was exhibited

by Zn (PRM) followed by Cu (56.21 ± 19.30
mg kg1) in PM (Bgure 3). The highest MSI
value for Cu (57.20%) in gill was observed
during PM and foot reported the highest MSI
value for Zn (71.86%) in PRM. Based on the
MSI value, the metal aDnity for gill (ANOVA
F(2, 9) = 38.56, q = 0.004) and foot (ANOVA
F(2, 9) = 28.97, q = 0.009) were in the order as
Cu [ Zn [ Ni [ Pb and Zn [ Cu [ Pb [ Ni,
respectively.
3.3 Histopathological changes in Etroplus
suratensis during 2015–2017 period
Four major histopathological alterations in gill
structure of E. suratensis were observed during the
exposure of Cu and Zn were classiBed in two
reaction patterns and considered for weighed indices approach (Igill) as presented in table 1. The
alterations in gill and liver tissues showed a significant relation with the seasonal variations
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Figure 3. Bioaccumulation and metal selectivity index (MSI) in Villorita cyprinoides (a) gill and (b) foot.

(ANOVA F(5, 12) = 35.62, q = 0.004) with the
highest frequency during the non-monsoonal periods (PRM and PM). The alterations in the gill
tissue were marked by the presence of hyperplasia
of secondary lamellae (ANOVA F(5, 12) = 68.08,
q = 0.003) and the regressive changes of gill
lamellae represented by the deformation of primary
lamellae (ANOVA F(5, 12) = 121.57, q = 0.002)
(Bgure 4). Four histopathological perturbations of
liver were classiBed based on three reaction patterns that were assessed based on weighed indices
approach (Iliver) and are provided in table 1. The
presence of melanomacrophage centers in liver
parenchyma (ANOVA F(5, 12) = 89.51, q =
0.000) and presence of necrotic lesions were evident with regressive changes in liver tissues
(ANOVA F(5, 12) = 66.30, q = 0.001) (Bgure 5).
Similar to gill tissues, the highest frequency of
hepatocyitc alterations were observed in nonmonsoonal periods. The unique observation was
the increased presence of melanomacrophage
centers in liver during the monsoonal period which
could have been due to the increased presence of
organic matter and eAluents from terrestrial
sources that reached the estuaries during monsoon
period.
3.4 Lysosomal membrane stability in Villorita
cyprinoides
The lysosomal membrane stability (LMS) in
haemocytes of V. cyprinoides from northern,

central and southern parts of Cochin estuary were
analyzed and compared with the control group of
bivalves collected from the unpolluted region of
Cochin estuary (Kadamakudy) (Bgure 1). The
LMS in haemocytes sampled from control group of
bivalves exhibited the highest percentage (100%)
of membrane stability and also the highest retention time of neutral red (NRRT) was observed (80
min). The highest LMS in haemocytes (100%) and
NRRT (72 min) was observed in V. cyprinoides
collected from the central region of the estuary and
the LMS (90%) and NRRT (70 min) were exhibited
by clams from the northern region of estuary
(Bgure 6). No significant alterations in membrane
stability of V. cyprinoides were observed during
lysosomal membrane stability (LMS) assay and
neutral retention assay.
3.5 Human health risk assessment
The human health risk assessment of heavy metals
from E. suratensis for human consumption in
Cochin estuary was estimated for Cu, Zn and Pb
(table 2). The concentration of heavy metals in the
muscles tissue of E. suratensis was found in a
decreasing order of Zn [ Pb [ Cu which was
within the WHO permissible limits that was safe
for human consumption. The estimation of daily
intake (EDI) also revealed that the permissible
tolerable daily intake (PTDI) of Cu, Zn and Pb by
the consumption of aquatic products was with
standard criteria. The estimated target hazard
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Figure 4. (a–d) Histopathological indices of gill of Etroplus suratensis from CES during 2015–2017 period (PL: Primary lamellae;
SL: Secondary lamellae; HYP: Hyperplasia; EL: Epitheliall lifting; IF: Interlamellar fusion).

quotient (THQ) for Cu, Zn and Pb were 0.46, 0.81
and 0.94, respectively. The THQ values for Cu, Zn
and Pb implied that there is no risk of consuming
Bsh from Cochin estuary for population with an
average weight equal to or higher than 70 kg.

4. Discussion
The study has estimated the accumulation trends
of Cu, Zn, Pb and Ni on two native species, Etroplus suratensis and Villorita cyprinoides from
Cochin estuary by assessing their biomarker
responses with regard to histopathological and
lysosomal membrane stability alterations. The
tissue-speciBc bioaccumulation and metal selectivity index (MSI) of E. suratensis and V. cyprinoides revealed higher accumulation of Cu and Zn
compared to Pb and Ni throughout the study with
significantly higher rates during non-monsoonal
periods. This could have been due to the increased
bioavailability of Cu and Zn caused by the active
metal mobilization with the higher salinity

gradients in non-monsoonal periods (Laing et al.
2008). Accumulation of severe toxic trace metals
represent long term sources of contamination to
higher trophic level and impart direct risk to
detrital and deposit-feeding benthic organisms.
The lower accumulation of Ni may be attributed to
the inCuence of physical factors such as nutrients,
light intensity and nitrogen (Lee and Wang 2001).
Tissue-speciBc bioaccumulation of Cu and Zn
observed during the study was concordant with the
observations of Liu et al. (2014), who reported
tissue-speciBc bioaccumulation in Bve different Bsh
species in Laizhou Bay, China. The present study
exhibited the tendency of liver to bioaccumulate
higher concentrations of Cu, while the gill tissues
accumulated a higher concentration of Zn than the
other tissues. The results also concurred with the
study conducted by Mahesh et al. (2012) in Cochin
backwaters based on metal selectivity index (MSI)
which indicated higher accumulation rate of Zn in
gill of E. suratensis compared to Cu, as well as E.
suratensis had the highest rates of zinc accumulation compared to other native Bsh species. Studies
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Figure 5. (a–d) Histopathological indices of liver of Etroplus suratensis from CES during 2015–2017 period (GV: Glycogen
vacuole; KC: Kuffer cell; ET: Endothelial cell; MMC: Melanomacrophage center; NECRO: Necrosis).

Figure 6. Lysosomal membrane stability (LMS) and neutral red retention time (NRRT) Villorita cyprinoides from Cochin
estuary.

by Bu-olayan and Thomas (2005) reported a pattern of bioaccumulation in different Bsh tissues
after 30 days of exposure and increasing heavy

metal accumulation was reported in liver followed
by gill and muscle tissues. Increased levels of Cu,
Zn, Fe and Mn in gills and alimentary canal
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Table 2. Human health risk assessment of heavy metals from Bsh consumption.
Trace
elements
Cu
Zn
Pb

Estimated daily
intake (EDI)
(lg kg1 day1)

Permissible tolerable
daily intake (PTDI)
(lg kg1 day1)

Oral reference
dose (RfD)
(lg kg1 day1)

Target hazard
quotient
(THQ)

18.57
243.85
37.65

1000–1600
14000–20000
250

40.00
300.00
40.00

0.46
0.81
0.94

compared to the muscle were reported from Bshes
of Cochin estuary by Martin et al. (2008). Lakshmanasenthil et al. (2013) also reported the
increasing bioaccumulation rates for Fe, Zn and Cd
in six different Bsh species from the estuarine system from Bay of Bengal, India that also points to
the aDnity of heavy metals to accumulate in
organisms. Studies in Clarias anguillaris, Heterotis
niloticus, and Tilapia zilli from Lake Geriyo,
Nigeri by Bawuro et al. (2018) reported that liver
tissue was the target organ and the lowest accumulation rates were observed in the muscle tissues
compared to gill and liver tissues for Zn, Cu, and
Pb accumulation, which is in conformity with the
present investigation.
The higher rate of accumulation of heavy metals
in Bshes compared to other fauna was also justiBed
in the study conducted by Ahmed et al. (2010)
from the mangrove forest mudskippers, Periophthalmus argentilineatus compared to gastropods in
Sunderbans, India. Mitra et al. (2012) reported
that accumulation of heavy metals in order of
Zn [ Cu [ Pb [ Cd on the crustaceans had an
adverse impact on industrialization and Nambisan
et al. (1992) reported that copper was found to be
the most toxic metal ion to black clam, Villorita
cyprinoides, yellow clam, Meretrix casta and
bivalve, Perna viridis from the Cochin estuary and
the order of toxicity was Cu+ [ Hg2+ [ Zn2+ [
Pb+. Ragi et al. (2017) observed significant concentration of metals in gastropods and bivalves
collected from the coast of south India. The metal
selectivity index (MSI) estimation during the present study also points to the significantly higher
accumulation of Zn and Cu in gill and liver tissues
of E. suratensis, while higher Cu accumulation was
observed in gill of V. cyprinoides. Previous studies
conducted by Ciji and Bijoy Nandan (2014) also
reported an extremely high concentration of metals
in organisms collected from the lower reaches of
Periyar river, that was in agreement with this
study. As Bsh and sediment-dwelling organisms
such as bivalves account for the major Bshery

resource, it is vital to study the metal contamination that could cause metabolic alterations and
change of community structure pattern in estuarine biota.
The selective accumulation of metals in different
tissues of Bshes and clams may be attributed to the
proximity of the tissues to the availability of metals. In the present study, the presence of high MSI
in the liver and gill tissues of the Bshes and clams
clearly points to the quantity present in the surrounding environment. Various studies conducted
in Cochin estuary (Martin et al. 2008; Anu et al.
2014; Bindu et al. 2015) have all elicited the
immense presence of heavy metal contaminants in
comparison to pesticides and other chlorinated
compounds. The study conducted by Mahesh et al.
(2012) which analysed the accumulation of heavy
metals in edible Bshes of Cochin estuary reported
that MSI obtained for all the metals except mercury showed that both carnivores and omnivores
have almost same kind of aDnity towards the
metals especially Zn, Cu and Cd, irrespective of
their feeding habit. The study conducted by
George et al. (2012) on the metal concentration of
Fe, Co, Ni, Cu, Zn, Cd, and Pb in the muscle, gill
and liver of the Bshes Mugil cephalus, Etroplus
suratensis, Sillago sihama and Arius arius also
reported the aDnity of tissues to metals which
could be attributed to the bioavailability and
favourable absorption of metals arising from the
elevated exposure to industrial eAluents.
Histopathological analysis has been considered
as bioindicators to community and ecosystem-level
eAects of toxicity and vital tool in monitoring Bsh
health and environmental pollution in natural
water bodies (Authman et al. 2015). Gill is considered as a multifunctional organ with large surface area in direct contact with the external
environment, sensitive to even minor changes and
a speciBc target organ for contaminants. The significant histopathological alterations noticed in the
E. suratensis collected from Beld stations in Cochin
estuary in the present study had hyperplasia and
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deformed secondary lamellae. The results are in
agreement with the Bndings of Costa et al. (2009),
who established that different proBles of sediment
contamination cause distinct patterns of chronic
histological lesions in juvenile Bsh, Solea senegalensis. The fusion of secondary lamellar epithelium and degeneration of primary lamellae
observed during the present study may be related
to similar observation reported in the gills of Bsh,
Labeo rohita exposed to tannery eAluents in Nigde,
Turkey (Fanta et al. 2003). Hyperplasia, mucous
hypersecretion and lamellar fusion could be branchial defence mechanism for increasing the distance
between the external medium and blood to serve as
a barrier to the entrance of contaminants further
reducing the active branchial surface area which
result in hypoxia and respiratory distress (Hadi
and Alwan 2012; Selvanathan et al. 2012). Peuranen et al. (1994) also reported that epithelial rupture of branchial epithelium could be considered as
direct dose-dependent deleterious eAect of the
pollutant which can cause a negative ion balance
resulting in the hematocrit and haemoglobin ratios
hampering the gill respiration.
The changes in hepatic parenchyma in E.
suratensis collected from Beld, in Cochin estuary
were contributed by the excessive presence of
melanomacrophage centres and necrotic lesions.
Studies carried out with different Bsh species have
also shown that heavy metals accumulate mainly
in metabolic organs such as liver that store metals
for detoxiBcation by producing metallothioneins
(Hogstrand and Haux 1991). The juveniles of Bsh,
S. senegalensis exhibited degeneration of gill Blaments and presence of eosinophilic intrusions in
liver cells. Studies have proved that exposure to
metallic and organic contaminants has been
linked to acute lesions in gills, like aneurisms and
lamellar fusion and, simultaneously, to more severe, chronic hepatic alterations such as lipidosis
and neoplastic diseases (Roberts and Oris 2004;
Oliveira Ribeiro et al. 2005). The unique observation of increased occurrence of melanomacrophage centers in liver tissues during monsoon
season in the present study may have been caused
by the slightly acidic nature due to the presence
of industrial eAluents and oxidation of organic
matter in rainwater fed into the estuaries during
monsoon period. Liver and gill tissues are more
often recommended as environmental indicator
organs of water pollution than other Bsh organs.
This is possibly caused due to the tendency of
liver and gills to accumulate pollutants at
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different levels from their environment (Al-Yousuf
et al. 2000; Canli and Atli 2003).
The lysosomal membrane destabilization is a
sensitive biomarker of aquatic pollution (Moore
2004; Nigro et al. 2015). A reduced lysosomal
stability is associated with the lysosome morphological changes, such as an increase in size associated with fusion of the organelle (Moore et al.
1978). The morphological alterations of the lysosomal system basically due to the increase in
protein turnover, which in molluscs have been
considered as reliable signals of cellular stress and
damage, resulting from enhanced autophagy
additionally as a response to external stimuli such
as contaminants (Lowe et al. 1981). Various toxicological studies have pointed the deleterious
eAects of heavy metals on membrane stability on
exposure to Cu, Pb and Ni (Zorita et al. 2006;
Yancheva et al. 2017). In the present study, the
variations in LMS and NRRT were observed in
southern (Thevara) and northern (Chittor)
regions of estuary, although the changes were not
statistically significant.
Studying the eAect of pollutants on the Lysosomal membrane stability (LMS) of marine organisms to toxic substances in the Beld is complicated
due to the presence of multiple contaminants in the
water and sediments in a particular environment.
However, the NRR assay has been used previously
in the Beld trials to demonstrate the differences
between the polluted and non-polluted sites
(Wedderburn et al. 2000). In a study conducted by
Aliko et al. (2015), the destabilization of lysosomes
indicated by NRR assay in green crab, Carcinus
aestuarii on Cu exposure was observed at 70 lg
L1. The study conducted by Don Xavier et al.
(2019) in the Cochin estuary, India reported the
metal content for copper, zinc, lead, cadmium,
nickel and chromium in water samples from the
seven study stations including the Thevara and
Chittor were in the range of 23.96 ± 7.75 to 126.56
± 20.18 lg L1. The study conducted by Akhil and
Sujatha (2014) in Cochin estuary which analysed
the spatial evaluation of organochlorine contaminants reported below detectable values for selected
chlorinated pesticides such as Heptachlor epoxide,
4,40 -DDT, 2,40 -DDD, Endrin and Endosulfan. In
view of these studies, the variation of LMS values
could be due to the increasing magnitude of trace
metal contamination attributed to the discharges
from the industrial establishments in Cochin estuary in comparison to other pollutants such as
chlorinated pesticides.
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Very few studies reported are related to the risk
of high metal consumption in Bshes by humans,
hence further studies are required to understand
the eAects of Cu, Zn and Pb in humans. In a study
conducted by Krishna et al. (2014), in Bsh species
from the Machilipatnam Coast, Andhra Pradesh,
India reported health risk to humans from consumption of muscle in Bsh, Liza macrolepis for Pb
and Zn. In a recent study conducted by Bawuro
et al. (2018), the bioaccumulation of Zn, Pb, Cd,
and Cu in muscle tissues from benthic and pelagic
Bsh species, Clarias anguillaris, Heterotis niloticus, and Tilapia zilli collected from Lake Geriyo,
Nigeria showed that Pb concentration in muscle
tissues of Bshes, Clarias anguillaris (3.5 mg kg1)
and Tilapia zilli (3.78 mg kg1) that was exceeding
the international legislation limits of World Health
Organisation (WHO) of 0.5 mg kg1, resulting as
unsafe for human consumption. The higher levels
of Pb in muscle tissues of Bshes with the higher
anthropogenic inputs observed in previous investigations are in agreement with the present study.
The study conducted by Maurya and Malik (2019)
measured the concentration of Cd, Cr, Pb, Cu, and
Zn in various Bsh tissues (muscle, gills, and liver) of
18 Bsh species collected from Ganga river, India.
The study stated that Bve investigated heavy
metals (Cd, Cr, Pb, Cu, and Zn) were present at
concentration considerably higher than the permissible limits set by different international organizations, including WHO and FAO. Heavy metals
such as Cd and Pb were observed at a very high
concentration compared to other element points to
the unabated anthropogenic and industrial pollution in the Ganga River. A recent study conducted
by Shaifudin et al. (2019) in Karnaphuli River
estuary, Bangladesh on six commercially important Bsh species revealed the potential health risk
on humans using Estimated daily intake (EDI),
target hazard quotient (THQ), hazard index (HI)
and carcinogenic risk (CR) indices. The study
reported that there are no potential human health
risk implications and the values were within the
acceptable threshold for humans, but the CR and
THQ values indicated that humans were not far
from the risk to non-carcinogenic and carcinogenic
health eAects from consumption of Bsh. Similar
results were also observed in the present study for
the THQ values for both Zn (0.81) and Pb (0.94),
which denoted a possible risk from consumption of
Bsh from the Cochin estuary.
Thus, the elevated metal accumulation rate in the
endemic organisms of Cochin estuary validated by

tissue-speciBc bioaccumulation indices with supportive biomarker activity responses points to the
definite signature and footprint of heavy metal contamination in the trophic food web system of Cochin
estuary. Such studies involving the metal selectivity
indices and other contemporary biomarkers along
with the use of benthic and benthopelagic organisms
as bioindicators would help in assessing the rampant
pollution in aquatic ecosystems in understanding the
eAect of pollutants in organisms.
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