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ABSTRACT

Heavy metal pollution is a very serious issue in the present world and is caused by release of toxic substances from industrial
and domestic sources into the sea water leading to harm marine organisms. Marine fishes are commonly consumed for its
nutritional benefits’ and thus lead to transfer toxic metals into the food chain. Harpodon nehereus is a common and local fish
from west coast of Maharashtra with high consumption rate among local population. Fish organs particularly liver being major
site of detoxification shows structural alterations on exposure to pollution stress from their surrounding environment.
Histopathological examination provides an indication of organ impairment to evaluate the health status of selected fish and the
degree of pollution in marine environment. The present research effort was done to evaluate the concentration of heavy metals
and to study histopathological alterations in liver tissues of largely consumed fish Harpodon nehereus collected from Sassoon
dock, west Coast of Maharashtra, India. The research was carried out during the post-monsoon season of the year. High
accumulation of lead (11.8 + 8.34 mg/kg), copper (20.46 + 11.06 mg/kg) and Zinc (286.26 + 114.5 mg/kg) were observed in
liver tissues. Further histopathological study of present investigation reveals heavy damages in liver tissues of Harpodon

nehereus representing that the selected fish is under high threat of pollution stress.
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I. INTRODUCTION

Fish acts as a definite indicator of pollution and plays an
important role in determining the pollution stress in the
marine ecosystem. Harpodon nehereus is amost consumable
fish from west coast of Maharashtra and offers great source
of nutrition to the consumers. Sassoon dock is the oldestand
well-known fish landing center located in Mumbai from
where most of the sea foods are supplied all over the
Mumbai region. Heavy metals are discharged into the marine
environment through urban discharge, agriculture, mining,
combustion and industrial sources and can be taken up by
aquatic creatures producing a potential source of heavy
metal pollution in the aquatic environment (Saleh, E. A. et al,
2014; Akan, ]. C. et al, 2012; Bilandzic, N. et al, 2011; Raja, P.
et al, 2009; Yilmaz, F. et al, 2007; Demirak, A. et al, 2006).
Metropolises like Mumbai due to its utmost population and
hugeportion of industries that generates large amount of
waste water and the discharge of effluents without proper
treatments leads to pollution stress to aquatic organisms.
Sea foods particularly fishes are commonly consumed as rich
source of nutrition and thus lead to transfer toxic metals into
the food chain. Lead is injurious even in trace amounts
(Alturiqi A. S. & Albedair L. A. 2012; Zhang, Z. et al, 2007) and
causes hazardous effects in marine biota (Velusamy, A. et
al,,2014; Canli, M., & Atli, G. 2003). Copper and zinc plays an
essential role in metabolic activities of an organism thus acts
as an essential metal (Amani S. A. & Lamia A. A 2012;
Bhupander kumar et al 2012; P. Sivaperumal et al, 2007).
However increase in the concentration of these essential
metals beyond their maximum permissible limits is highly
toxic to the consumers and leads to its bioaccumulation in
the organs of fishes.

Bioaccumulation of heavy metals leads to cause structural
alteration in fish tissues (Imam A.A. mekkawy et al 2013;
Mehjbeen Javed and Nazura Usmani, 2013). Heavy metals
due to their potential toxicity persuade biochemical
alterations in the organs of aquatic organisms (Jalaludeen
M.D. et al, 2012). Thus histopathological variations have
been broadly used as biomarkers in assessing the health of
the fish exposed to pollutants (Marina M.P. C and Claudia
B.R. M, 2007; S. Thopan et al, 2003;). Histopathological
studies of fishes are progressively being used as indicators of
environmental trauma and provide information regarding
changes in cellular structure of an organ far earlier than any
external sign (Leena Muralidharan, 2014; G.D. Steniford,
2003). One of the great advantages of using histopathological
biomarkers in environmental monitoring is that it allows
examining specific target organs especially liver involved in
vital activities (Marina M.P. C and Claudia B.R. M., 2007).
Liver is an organ responsible for detoxification and plays an
importantrole in elimination of toxic substances in the body
thus any alteration noticed in liver may indicate pollution
stress in their surrounding medium (Hanan S.Gaber et al,
2014).

The present study aims to estimate the level of lead, copper
and zinc in liver, tissues of commonly consumed fish
Harpadon nehereus collected from famous fish landing
center, Sassoon dock, Mumbai during post monsoon season
of the year 2017-18. The hazardous levels of selected heavy
metals were compared with available certified safety
guidelines proposed by Food and Agricultural Organization,
1983 for human consumption (FAO, 1983). Futher the study
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also aims to estimate the structural alterations in liver
tissues of selected fish by histopathological examination of
liver tissues.

IL Materials and Methods

The fishes measuring 26-28 cm in length and 160-180 grams
in weight were collected from Sassoon dock which is the
famous fish landing centre, fish whole sale market of
Mumbai. The fishes were collected during post monsoon
(winter) season of the year 2016 - 2018. The fresh fishes
were immediately collected after the landing and brought to
thelaboratory in ice box for heavy metal estimations and the
fishes were immediately dissected at the collection site, kept
in fixative and then brought to the laboratory for further
processing for Histopathological studies.

A. Heavy metal estimation:

Fishes were dissected under sterile conditions to remove the
liver, tissues. 0.1 g of Tissue was taken and 4 ml of conc.
HNO3 was added to it and heated on hot plate. When it
started boiling 1 ml of HClO4s was added and heating
continued to destroy theorganic matter from the sample.
Samples were then diluted with 5 ml distilled water to make
the total volume to 10 ml. Concentration of lead, Copper and
zinc was evaluated by using ICP-AES (Inductively coupled
Plasma Atomic Emission Spectroscopy). Entire experiment
including additions of chemicals was performed under
sterile condition and the chemicals used for the analysis
were of AR grade.

B. Histopathological examination:

The fresh fishes were immediately collected after the
landing, and the fishes were dissected to remove the liver.
The excised organs were washed with distilled water and
immediately fixed in 10% neutral buffered formalin and then
brought to the laboratory for further processing. Fixed
tissues were processed for paraffin embedding technique.
Rotary microtome was used to take 5 p thick sections of the
embedded tissues. The selected tissues were stained using
haematoxylin and eosin stain (HE). The tissues were fixed by
DPX to prepare permanent slides. The extent of damage and
structural alterations in the selected tissues were studied by
focusing it into different magnification power of compound
light microscope and digital photographs were taken to
show the specific site of damages observed.

II1L. Results and Discussions

The maximum acceptable levels of lead, copper and Zinc as
per FAO, 1983 guidelines was 0.5 mg/kg, 30 mg/kg and
30mg/kgrespectively and as per WHO, 1989 it was 2 mg/kg,
30 mg/kg and 100 mg/kg respectively in fish tissues
(table.1). However the level of metals in tissue increases as
the pollution level increases in the fish and could go beyond
the permissible limitations for human consumption and
therefore causes severe health threats (El-Moselhy et al,
2014). According to our investigation the concentration of
lead, copper and zinc was found to be 11.8 + 8.34 mg/kg,
20.46 * 11.06 mg/kg and 286.26 + 114.5 mg/kg in liver
tissues of fish, Harpodon nehereus. All the above mentioned
values of selected metals obtained in the present study were
above the maximum permissible limits of heavy metals set
by FAO 1983 as well as WHO 1989 causing threat to its
consumption.

Histopathological studies were conducted to evaluate the
extent of metal pollution or stress. The study also offers to
identify the effects of irritants, especially chronic ones, in
tissues and organs (Drishya M K et al, 2016). Liver act as
detoxifying organ and plays a key role in removal of toxic
substances in the body. Any alteration observed in liver may
indicate bioaccumulation of toxic substances. In the present
investigation liver tissues of Harpodon nehereus collected
from Sassoon dock, showed severe histopathological
alterations. Hepatic tissues showed karyorrhexis, cellular
edema, dilation of sinusoidal space and disturbed cordal
arrangement as presented in fig. 1. Fig. 2 discloses structural
alterations like vacuolated hepatic cells, Pycnosis and fatty
degeneration. Liver investigation also showed disintegrated,
swollen, ruptured hepatocytes, ruptured central vein and
karyolysis (fig 3) during the study period. Severe fatty
degeneration, lymphocytic infiltration and focal necrosis
were also noticed and presented in fig. 4.

Essential contribution in the field of environmental pollution
and the effects of contaminant exposure on histopathological
alteration in organs of fish were also made by many other
researchers in their study (Karina Fernandes et al, 2016; Rita
Triebskorn et al, 2007; Edith Fanta et al, 2003; Renata
Fracacio et al, 2003). Similar annotations were recorded by
Mehwish F and Khalid P L in the year 2017 observed
histopathological alteration in liver of Ctenopharyngodon
idella and observed lymphocytic infilteration and ruptured
central vein of liver and indicated it as could be due to
contaminant exposure. Hanan S Gaber et al 2014 studied
histological changes in marine fish species Solea solea and
Mugil cephalus from Bardawil lagoon and observed necrosis,
edema and dilation of central vein in liver tissues. Leena
Muralidharan, 2014 observed shortened, swollen, ruptured
and deformed secondary lamellae of gill, damaged hepatic
cells with peripheral pyknosis, ruptured, vacuolated and
disintegrated renal cells when the fish Cyprinus carpio were
exposed to high concentration of fenthion. Marina M.P. C and
Claudia B.R. M, 2007 reported liver tissues with cytoplasmic
vacuolation and focal necrosis in their study on Neotropical
fish, Prochilodus lineatus. Ashish K Mishra and Banalata
Mohanty, 2008 reported vacuolization of hepatocyte with
pyknotic nuclei in their study on Channa punctatus. JC Van
Dyk et al, 2009 studied histolopathology in tissues of four
fish species from Okavango delta, Botswana and showed
severe fatty change in liver. Histopathological studies on
organs of estuarine fish species were studied by
G.D.Steniford et al, 2003 and reported hydrophic vacuolation
in biliary epithelium ofliver. S. Thopan et al in the year 2003
observed structural alterations where liver cells showed
hydropic swelling, in white seabass, Lates calcarifer from
commercial fish farm in chonburi, Thailand. All the above
mentioned literature work on histopathological alteration in
liver tissues of fishes by various researchers indicated
structural alteration specifies contamination in the
environment and bioaccumulation of toxicants in organ
tissues. Supporting all above investigation reports, the
structural alterations observed in the liver tissues of fish
Harpodon nehereus in the present study could be due to bio-
accumulation of heavy metal in liver tissues. The present
investigation indicates the health status of fish and its effect
on consumers through food chain.
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IV. Figures and Tables

Table 1: Concentration of lead, copper and zinc in liver
tissues of Harpodon nehereus collected from Sassoon dock
during post-monsoon (winter) season of the year 2017-18
Reference range

o ey CpE o)
No. metal mg/kg WHO, FAO,
1989 1983
1 Lead 11.8 £ 8.34 2 0.5
2 Copper 20.46 £ 11.06 30 30
3 Zinc 286.26 + 114.5 100 30
Each metal concentration indicates mean + standard
deviation
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Fig.1. Liver- HE stained, 40 X; showmg karyorrhexis
(<);cellular edema («); increase in sinusoidal space (*);
disturbed cordal arrangement of hepatic cells.
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Fig.Z. Liver- HE stamed, 40 X, showmg vacuolated
hepatocytes («<); pyknotic cells («<); fatty degeneration
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Fig.3. leer- HE stained, 40 X; showing dlsmtegrated
swollen and ruptured hepatic cells; disturbed cordal
arrangement; ruptured central vein («); karyolysis (<)

Fig.4. Liver- HE stained, 40 X; showing severe fatty
change; lymphocytic infiltration(«);focal necrosis («<);
ruptured central vein (*).

V. Conclusion

Increase in the level of heavy metals in our present work
indicates that the fish understudy is at high risk of damage
due to pollution stress in the marine environment. The
concentration of metals in the present work was found to be
more than the maximum permissible limits in liver tissues of
fish, Harpodon nehereus. Increase in the concentration of
metals in liver may possibly be due the process of
Bioaccumulation and Bio-magnification. The above results
and observations also exhibited structural alterations in liver
tissue of Harpodon nehereus that reveals health status of the
selected fish. Thus it can be concluded that the fish
understudy is at the risk of damage due to pollution stress.
Furthermore the structural alterations in selected organ may
also lead to imbalance in the physiological mechanisms of
the fish. Further studies have to be conducted to keep a
continuous check on the extent of pollution stress in the
marine ecosystem and its effect on entire food chain.
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