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Abstract

Industrialization and growth of human population have led to a progressive deterioration in the
quality of the earth environment. The aquatic habitat is polluted by xenobiotic compounds released
by industrial, agricultural and urban activities. Environmental pollution can cause poisoning, disease
and even death of fish and the accumulation of different pollutants on biological tissues. The
absorption of heavy metal elements of various biological tissues caused alteration in haematological
parameters, generated reactive oxygen species, altered genetic and protein components along with
many biological markers. Consumption of toxicant accumulated fishes for longer duration might be
detrimental to human health.
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Introduction

Water pollution scenario prevails throughout
the world. Water scarcity intensifies and
hence much awareness, attention and
alertness is needed to save the water from
further deterioration. Water is polluted due to
organic and inorganic materials especially
hazardous chemicals from agricultural runoff
and untreated waste water from industries.
The aquatic ecosystems are contaminated
with different pollutants by anthropogenic
activities and also by metals that may be
naturally present in low concentrations but
might be toxic at higher concentration
(Luschak , 2011, Jorundsdotter et al, 2014).
The most anthropogenic sources of metals are
industrial, petroleum contamination and
sewage disposal (Santos et al, 2005). A major
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threat to aquatic environment is caused by
inorganic chemicals that are drained by
agricultural activities, industrial and sewage
effluents that drain inorganic anions and
heavy metals (ECDG, 2002).

Fish represents the most diverse
group of vertebrates. They have been found
to be worthy indicators of water
contamination in aquatic ecosystems because
of their sensitivity to toxicants when
compared to invertebrates (Burger et al,
2002). Fish absorb toxicants from the
surrounding water and sediments or through
the contaminated food if it is ingested
through trophic web (Perez et al, 2001,
Sounderrajan et al, 2010). Reports by
Rayment and Barry (2000) stated that fish are
considered as popular targets of monitoring
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programs in marine environments because
sampling, sample preparation and chemical
analyses are simple and rapid. Fish takes the
position of the last trophic level in the aquatic
food web and is an important source of food
consumed by humans (Uysal et al, 2009).
Pollution of water results in contamination of
fish which pose a health risk (Mendil et al,
2005, Turkmen and Ciminli, 2007). Toxicants
in the aquatic environment should be
regularly monitored to check water quality
and animal health (Bilandzic et al, 2011).
Aquatic habitat is polluted with the xenobiotic
compounds released by the activities of
agricultural, urban and industrial sectors.
Rivers, lakes and Sea are polluted with the
seepage of 300 million tons of synthetic
compounds per annum. Industrial processes
generate air and water pollution, which
creates negative impacts on the ecosystems
and humans (toxicity, carcinogenic and
mutagenic properties). To recover the quality
of aquatic ecosystems, it is obligatory to
discern, the way and factors that results in the
environmental deterioration. Pollution of
water sources due to chemicals play a primary
role in the destruction of ecosystems. The
potential utility of biomarkers for monitoring
both environmental quality and the health of
organism inhabiting in the polluted
ecosystems has received increasing attention
during the last years (Minier et al, 2006).

Fresh waters are highly vulnerable to
pollution since they act as immediate sinks for
the human activities (Sacchar and Raina,
2014). The most important xenobiotics that is
discharged due to industrial and agricultural
activities are pesticides and heavy metals.
Stress response mechanisms have been
reported in fish that belongs to the class of
vertebrates. Fishes have the tendency to bio-
accumulate the xenobiotics and humans who
are at the top most trophic level in the food
chain are at risk . Fishes are used as the bio
indicator of  environmental pollution
(Dautremepuits et al, 2004) and to assess the
quality of aquatic environment.

Metal Pollution

Mahmood (2003) worked on the study of
trace elements in groundwater of Western
eISSN1303-5150

Uttar Pradesh, India and the study revealed
that some groundwater samples had
marginally high concentration of Mn, Fe, Pb,
and Cr. Whereas, concentration of Al and Sr in
water samples is very high as per WHO
standard for potable water. These high
concentrations of metal ions in groundwater
was probably due to unsafe discharge of
effluents from sugar mill, pulp and paper,
cooperative distilleries, municipal
wastewater, fertilizers and other industries.
The adverse effects of large-scale
industrialization in these areas can now be
distinctly observed in the form of
deterioration  of  groundwater  quality.
Peerzada et al, (1990) studied distribution of
heavy metals in Gove harbour, northern
territory of Australia, to find the impact of a
bauxite treatment plant on the heavy metal
status of water. Vazquez et al, (1993)
inspected heavy metals to study effects of
industrial lead inputs into the San Andres
lagoon, Tamaulipas, Mexico. They carried out
a comparative study of several metals (Cd, Co,
Cu, Fe, Mn, Ni, and Zn). Sah et al, (2000)
conducted a study on assessment of heavy
metal pollution of water in the Narayani River,
Nepal contaminated by paper industry
effluents.

Arsenic compounds generates Reactive
oxygen species (ROS) and Reactive Nitrogen
Specie (RNS) that causes the oxidation of
macromolecules like lipids, DNA and proteins
in the cell. Studies by Wang et al, (2004)
reported that ROS were involved in arsenite —
induced apoptotic cell death in the ovary cells
of Tilapia fish. Ercal et al, (2001) reported that
Cd affects antioxidant enzymes such as SOD
and CAT and displaces Cu and Fe in proteins
and catalyses the Fenton’s reaction.
Decreased CAT activity on Cd exposure was
reported by Romeo et al, (2000) in the kidney
of Dicentrarchus labrax that might be due to
the direct binding of Cd to CAT. Organic
methyl mercury and inorganic mercury exist
in  nature. Microorganisms in  water
methylates inorganic mercury to produce
organic methyl mercury, which is more toxic
to fish than inorganic forms (Houserova et al,
2006).
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Higher concentration of Hg gets accumulated
in fish. Methyl mercury accumulation has
been reported by Berntssen et al, (2003) in
the Salmon fish on exposure to mercuric
chloride. Monterio et al, (2009) suggested
that exposure to inorganic mercury causes
changes in biomarkers of oxidative stress.
Larose et al., (2008) and Mieiro et al, (2010)
observed in their studies that methyl mercury
induces oxidative stress. Allen et al, (2004)
reported the biochemical toxicity of arsenite
in Channa punctatus. Increased levels of lipid
peroxidation, GSSG/GSH ratio and excess
formation of hydrogen peroxide were
observed in the catfish Clarias batrachus
exposed to nonlethal doses of arsenic for 10
days (Bhattacharya and Bhattacharya, 2007).
Nontoxic organic forms of arsenic are arseno
betaine and arseno choline present in fish.
According to Ciardullo et al, (2010), mostly
arsenic exists in fish tissue in the form of
arseno betaine.

Lead is a major environmental
pollutant and its sources of pollution are
paint, cosmetics, food supplements, human
medicines and petroleum — based fuels (Stohs
and Bagchi, 1995). Pb directly acts on the cell
membrane and induces oxidative stress. Pb
interacts with hemoglobin that causes the
auto-oxidation of hemoglobin, auto-oxidized
d-amino-levulinic  acid  interacts  with
Glutathione reductase (GR) which causes a
decrease in Glutathione Peroxidase (GPx)
activity (Ercal et al, 2001). Amino laevulinic
acid dehydratase and oxidative stress studies
were done by an intraperitoneal injection of
lead which was administered for seven days
to the toad fish Halobatrachus didactylus
(Campana et al, 2003). Maiti et al, (2010) also
reported increased Malondialdehyde (MDA)
levels in the brain of catfish Clarias batrachus
after a 60 days period of exposure to lead.
Heavy metal pollution in water creates
hazardous effects because of their toxicity,
non biodegradable nature and accumulation
in fish organs and also in food chain resulted
in decreased fish production, affecting fish
health and altering the physiological functions
(Zhan et al, 2014).
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Khalil (2000) observed the accumulation of
heavy metals in tissues of fish from lake
Mariut, Egypt. Mansour and Sidky (2002)
analyzed the heavy metals in fish from
Fayoum Governorate (Egypt) and discussed
accumulation pattern in various fish organs,
seasonal pattern of accumulation and relative
accumulation of total heavy metals in Solea
aegyptiaca, Tilapia sp., Penacus sp. and Mugil
sp.

Heavy metals induce oxidative stress in fish
(Choi and Yu 1994), It may damage aquatic
organisms at the cellular levels and possibly
affects the ecological balance. Exposure and
ingestion of polluted aquatic, marine products
(seafoods) can cause health problems in
human and animals including neurological and
reproductive problems (Allen et al, 2004).
Consuming fishes exposed to heavy metal
pollution for long period cause many kinds of
disease like muscular dystrophy, multiple
sclerosis, Parkinsons disease and Alzhemer’s
disease in humans (Bebianno et al, 2004).
Hematological and Biochemical Changes of
fishes

Hematological Parameter (Blood) of the fish
acts as an indicator of physiological and
pathological changes in fishes (Mulcahy,
1975). Blood in the gill has direct contact with
water medium and any unfavorable change in
the water might intervene the functions of
the circulatory system. Since the circulatory
system is in association with the external
environment, physiological responses of
fishes to the stress condition was monitored
by assessing blood (Cazenave et al, 2005). Fish
blood parameters are the suitable bio markers
for evaluating the harmful effects of
pollutants.

The extent of environmental pollution could
be assessed by hematological studies in fishes
and also the abiotic fish diseases. Hypoxia,
anemia, and hyperthermia are types of
stresses that causes an osmotic imbalance
and reduced capacity of the red blood cells to
transport oxygen as a result it is compensated
by enhanced erythropoiesis and increased
production of hemoglobin. Multiple forms of
hemoglobin present in fish adapts more
efficiently to physiological stresses like varying
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water temperature and oxygen concentration
Metal Toxicity causes hemolysis.
Chandanshive and Kamble (2008) reported
the reduction in the level of Labeo rohita RBC
after exposed to mixture of heavy metals .
Heavy metal exposure decreases the total RBC
count, and Hb content due to impaired
intestinal absorption of iron.

The reduction in RBC Count either by
hemolysis or erythropoietic disorders lead to
anemic condition in fish. The anaemic
condition in fishes is attributed to an
inhibition on erythrocyte production or
haemodilution (Larson, 1975). Similar results
with RBC and hemoglobin content reduction
was reported with fishes exposed to different
heavy metals (Karuppasamy et al, 2005).
Tilapia fish exposed a highly significant
reduction in RBC count, when equated to
other fishes. As like RBC count, hemoglobin
content also showed a vast significant
variation in fishes from the downstream
region. In particular, Rohu and Tilapia showed
a drastic reduction. The anemic response
could be as a result of disruption in
erythrocyte production (Omoregie,1995),
haemodilution (Sampath et al, 1993) and
destruction of intestinal cells involved in the
production of vitamin Bj;; used in the
production of the hemoglobin portion of red
cells (Gardner and Yenvich, 1970).
Hemoglobin level was found to be reduced
due to pollution, caused by heavy metals and
lose their oxygen binding property, which
resulted in erythrocyte damage (Witeska and
Kosciuk, 2003). Anemic condition may be due
to an increased rate of erythrocyte
destruction in hemopoietic organs (Seth and
Saxena, 2003).

The increase in number of WBC’s may play an
important role in immunological defense
systems during exposure to toxicants like
heavy metals and appears to be associated
with circulatory levels of granulocytes, which
are known to respond for phagocytosis ( Kori
— Siakpere and Ubogu, 2008). These
hematological disturbances are hemopoietic
or erythrocyte mobilization response to the
heavy metal induced stress. Karuppasamy et
al, (2005) reported similar reduction in MCH
eISSN1303-5150

values with heavy metal pollution. These
hematological disturbances are haemopoietic
or erythrocyte mobilization response to
hypoxemia induced by heavy metal stress.

In response to respiratory difficulty, the
organism stimulates an increase in RBCs, Hb
and MCHC as mechanism to enhance oxygen
transfer (Affonso et al, 2002). Fish exposed to
stress was attributed to a reduction in RBC
volume caused by osmotic changes (Alwan et
al, 2009).

Reactive oxygen species and antioxidants
During normal metabolic processes, reactive
oxygen species (ROS) are continuously
produced at lower concentrations while over-
production of ROS is one of the initial
responses against oxidative stress in biological
systems (Arora et al, 2002). Like all aerobic
organisms, fish are also susceptible to the
toxic effects of ROS that lead to the oxidation
of DNA, lipids and proteins (Rigoulet and
Camougrand, 2001). Oxidative stress is
induced as a result of the three factors: (a) an
increase in oxidant generation, (b) a decrease
in antioxidant protection, and (c) failure to
repair oxidative damage (Das et al, 2010).
Superoxide (072), one of the parental forms of
intracellular ROS, is very reactive molecule,
but it can be converted to H,0, by superoxide
dismutase (SOD) then to oxygen and water by
several enzymes including catalase (CAT) and
glutathione reductase (GR). Therefore
changes in their activity and other biomarkers
could be the possible tools in aquatic
toxicological research.

In aerobically metabolizing cells, oxygen being
an essential component of organisms results
in the formation of reactive oxygen
intermediates. Environmental sources such as
air pollutants, industrial chemicals,
photochemical smog, ionizing radiations and
metabolism of Xenobiotics contributes to the
ROS concentration in cells.

Oxidative stress results from an imbalance
between the production of free radicals and
the ability of an organism to ameliorate their
effects through the actions of enzymes and
small molecules that function as antioxidants.
Many of the pollutants found in freshwater
and marine systems are known to promote a
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pro-oxidant cellular environment that leads to
the production of reactive oxygen species
(ROS).

Thousands of PUFA molecules may be
destroyed by a lipid peroxidation chain
reaction initiated by a free radical (Mc Cord,
2000). DNA is susceptible to oxidative damage
by ROS. Reports showed that oxidative
damage to protein by ROS resulted in the
accumulation of modified forms of enzymes
which are formed during aging (Wolf et al,
1986). Lipid free radicals react with molecular
oxygen results in the formation of lipid hydro
peroxy radical that can easily decompose into
lipid alkoxyl radicals, aldehydes (eg.
malondialdehyde), alkanes, lipid epoxides and
alcohols. Most of the reactive species are
toxic and active mutagens. Oxidative stress is
a cascade of chain reactions initiated by a pro-
oxidant that produces various deleterious
products in higher concentrations (Ahmad,
1992).

Aquatic organisms are sensitive to
toxicant exposure, and provides research data
for assessment of effects of oxidative stress
and other adverse effects of pollutants.
Aquatic environment gets polluted by the
deposition of environmental pollutants that
causes oxidative stress in aquatic organisms
through free radicals. Oxidative stress caused
by toxic xenobiotics in aquatic organisms
paves way for aquatic toxicological studies
(Livingstone, 2001). Lipid peroxidation results
in MDA production which is a typical
degradation product. These products may
form DNA adducts leading to mutations and
altered gene expression (Marnett, 1999).
Pollution and Proteins in fishes
Assessment of protein is a diagnostic tool,
since it plays a major role in physiological
events. Proteins are highly sensitive to heavy
metal poisoning. Depletion of protein content
has been observed in the muscle, intestine
and brain of the fish Catla catla as a result of
mercuric chloride toxicity. When an animal is
under toxic stress, diversification of energy
occurs to accomplish the impending energy
demands and hence the protein level is
depleted. The depletion of total protein
content may be due to breakdown of protein
eISSN1303-5150

into free amino acid under the effect of
mercury chloride at the lower exposure
period (Shakoori et al, 1994).
Voluminous markers  suggested  that
continuous stress due to toxicant poisoning
could reduce the protein markedly. Similar
results were observed in Cyprinus carpio and
Catla catla when exposed to cadmium
respectively which suggested that increased
proteolysis and possible utilization of the
products and their degradation for metabolic
purpose cause depletion of protein.
Proteolysis causes a decrease in protein levels
that produces free amino acids and utilization
of these amino acids by TCA cycle for energy
production in mercury exposed fishes.
Conjugated diene
The pyrethroid class of insecticides, including
deltamethrin are being used as substitutes
for organochlorines and organophosphates in
pest-control programs because of their low
environmental persistence and toxicity.
Sayeed et al., (2003) investigated the effect of
deltamethrin (0.75 pg/l) on antioxidants in a
freshwater fish, Channa punctatus Bloch. A
single exposure for 48 h caused induction of
various antioxidant enzymes and non-
enzymatic antioxidants in kidney and liver.
The induction of these antioxidants were
found to be depleted in gills. Deltamethrin
also induced lipid peroxidation in all the
tissues, gills  showing the highest
levels. Glutathione, which is an established
non-enzymatic antioxidant in fish, was
significantly increased in all the
tissues. Ascorbic acid content increased in
kidney and liver while it decreased in gills. It is
also interesting to note that gills are the most
sensitive and primary sites of deltamethrin
absorption and their antioxidant potential is
also very poor.
Carbonyl Protein

Oxidation of proteins results in the
loss of sulfhydryl groups accompanied by the
amino acid modification leading to the
formation of carbonyl and other oxidized
moieties (Bainy, 2000), increased oxygen
tension in circulation favors ROS formation
and cross linkage of membrane proteins.
Proteolytic degradation causes the oxidation
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of proteins that disrupts the structure,
function and integrity of proteins. Bagnyukova
et al, (2006) observed an increase in protein
carbonyls, in the goldfish Carassius auratus
liver and kidney after waterborne ferrous
sulphate exposure.

Metallothionein

Metallothioneins (MTs) are low molecular
mass (6—8000 daltons), cysteine-rich (20—
30%), metal-binding proteins whose neo
synthesis represents a specific response of the
organisms to pollution by heavy metals such
as copper, zinc, cadmium, and mercury. MTs
bind toxic metals, providing cell protection
against metal toxicity (Isart and Vasak, 2002).
As a general model, MT synthesis is induced in
conditions of elevated metal concentration,
providing more binding sites for metal ions
and limiting latent damage. The main
functions of MTs are related to metal
metabolism, acting in the detoxification and
storage of heavy metals and in the regulation
of cellular copper and zinc metabolism in
response to physiological and environmental
changes. Regulation of MT biosynthesis by
metals is considered a biological mechanism
used to maintain homeostatic concentrations
of essential and non-essential free metal ions
by chelation. Thus, an increase of MT levels in
a tissue can be interpreted as a previous
exposure to heavy metals. It can be used as a
bio indicator to assess exposure to heavy
metal pollution in aquatic ecosystems (Linde
and Garcia-Vazquez, 2006).

Metallothionein synthesis varies with fish
species, age and an analyzed tissue (Navarro
et al, 2009). External factors, such as season,
temperature and diet can also effect MT
induction (Rotchell et al, 2001).
Metallothionein synthesis in fish is associated
with organs involved in metal uptake,
metabolism and excretion, such as gill, liver,
kidney and intestine.  The  highest
concentration of MT was seen in liver, in
accordance with other authors ( Mieiro et al,
2011).

Monterio et al, (2009) reported that,
metallothionein level was found to be induced
in the liver, gill and heart of the tropical
freshwater fish Brycon cephalus exposed to
eISSN1303-5150

merthyl parathion. Liver of a feral carp,
Cyprinus carpio from a mercury contaminated
river and the mRNA expression of two MT
genes was observed by Navarro et al, (2009).
EROD

7-ethoxyresorufin-O-diethylase (EROD) is a
family of cytochrome P-4501A (CYP1A)
contained in fish liver. EROD is a specific
biomarker often used as a molecular marker
to measure  quantity of pollutants in the
water. Kusuma Dewi (2017) observed that the
heavy metal pollution in carp fishes such as
Tilapia and carp of Kaligarang River in
Indonesia, which the EROD activity was found
to be decreased in the fishes when compared
to that of the control.

DT diaphorase activity

DT diaphorase (DTD; NAD(P)H:quinone
oxidoreductase; NQO1; EC 1.6.99.2) was
proposed as a biomarker for quinones in the
aquatic environment. Quinones are of interest
due to their widespread occurrence in the
environment, both naturally as metabolites in
plants as well as environmental contaminants,
such as quinonoid metabolites derived from
benzene and polyaromatic hydrocarbons
(Bolton et al, 2000). DTD is a mainly cytosolic
flavoenzyme that catalyzes the two-electron
reduction of quinones into hydroquinones,
thus  counteracting redox cycling of
prooxidants. Hydroquinones are more stable
and less likely to undergo autooxidation
(Gutierrez, 2000). DTD is characterized by its
ability to utilize both NADH and NADPH as
electron donors and to be inhibited by the
anticoagulant dicoumarol (Lind et al, 1990).
Monofunctional DTD induction is mediated
through the ARE, whereas bifunctional
compounds can induce DTD activity by two
different mechanisms: (i) directly via the aryl
hydrocarbon receptor (AHR) acting on the XRE
on the NQO1 gene; or (ii) through
electrophilic metabolites from the CYP1A1l
phasel reaction acting on the ARE.
Bifunctional inducers consist of large planar
aromatic compounds, such as PAHs, whereas
monofunctional inducers are a diverse group
of chemicals with a majority containing, or
acquiring by metabolism, a Michael reaction
acceptor structure (Dinokova- Kostova and
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Talalay, 2000). Although DTD has been
proposed as a biomarker for quinones and
redox cycling compounds in fish, few studies
address the effects of prooxidants on DTD in
fish (Sturve, 2005).

Histological studies

Fish communities, and specific species, are
excellent indicators of biological and
ecological integrity due to their continuous
exposure to water conditions. Fishes display
an array of biotic responses; such as changes
in growth, distribution and abundance related
to water pollution, critical habitat
degradation, eutrophication, organic
enrichment, chemical toxicity, thermal
changes and food availability. Fish gills are the
primary uptake organs are in direct contact
with the contaminated medium (water) and
the metals can penetrate through the thin
epithelial cells (Bebianno et al, 2004). It
includes antioxidant analysis, biochemical
analysis, enzyme activity analysis and protein
analysis.

Histopathological studies have been
recognized as the biomarkers of stress in the
fishes for many reasons (Teh et al,1997). Fish
serves as an excellent animal for toxicological
impact studies and were widely used for this
purpose (limenez — Tenorio et al, 2007).
Internal and external environment in fishes
are separated by gill epithelium.

The impact of aquatic pollutants are assessed
in gills of fishes since they are the foremost
organs that come into contact with
environment. The liver is the center for
metabolism and detoxification in piscine
body. Degeneration of vacuoles, necrosis,
reduction in size of fish liver were observed in
polluted fish. The chemical affecting the cell
by altering the external environment, oxygen
and nutrient transport system or the
endocrine and immune system (Prashanth,
2011).

Gills are considered to be the yardstick of
water pollution because of their large surface
area and accessibility to environment and role
in many physiological function ( Fernandes,
2003). Histological studies are used as
important parameter to assess the well being
of fishes inhabiting polluted environment.
eISSN1303-5150

Liver is the organ involved in metabolism and
detoxification process and readily affected by
contaminants (Camargo and Martinez, 2007).
The damage caused in fish by exposure to
different pollutants can be confirmed by the
histological changes (Arellano et al, 1999).
The toxicants have the ability to cross the
biological barrier and via the bloodstream
they reach and accumulate in the internal
organs of fish. Numerous studies have
reported the detection of contaminants in fish
organs such as liver, kidney and gills ( Begum,
2004; Majnoni et al, 2014). The liver being the
primary organ for bioaccumulation was used
to assess the toxic effects of xenobiotics
(Nunes et al, 2015).

Sharma et al, (2009) reported that liver and
kidney are vulnerable organs during
prolonged exposure to toxicants, from water
borne and dietary sources. Fish muscle
exhibits cardio protective effect due to high
content of proteins and minerals.

Cengiz (2006) observed degeneration in the
renal tubule, pyknotic nuclei in the
hematopoietic tissue and degeneration of
glomerulus. Benli et al, (2008) have reported
the alterations in kidney tissues of Tilapia. The
dilation of the lumen of the kidney tubules,
degeneration in the hemopoietic tissue
rupture in the collecting tubules and necrosis.
The same response have been reported in
various fishes (Vardhani and Gowri, 2002).
Pollutants and genetic material

Coughlan  (2002) studied on Tapes
semidecussatus, clams exposed for three
weeks to sediment samples showed the
significant differences in DNA damage.
Ramesh and Nagarajan(2013) expressed that
DNA damage of the fish Clarias batrachus
exposed to sago effluent due to starch with
the comet assay. The fish exposed to swine
industry  effluent chronically and sub-
chronically, showed consistent greater DNA
damage (Lima et al, 2006). The influence of
petroleum refinery effluent in the same
species was observed by Souza and Fontanetti
(2006) with a significant increase in comet
score.

Klobucar et al, (2010) observed a higher
genetic damage in the fish Cyprinus carpio
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collected from the site with high
anthropogenic influence by using comet
assay. Comet assay was done in fish
Oreochromis niloticus collected from three
different sites of the Corrego dos Bagres
stream in the Franca municipality of the
Brazilian state of Sao Paulo.

De Andrade et al, (2004)used the alkaline
comet assay to detect the genotoxicity due to
multiple sources of pollution in the peripheral
blood of two native estuarine fish (mullet and
sea catfish) and evaluated possible interactive
genotoxic effects from multiple contaminants
and the seasonal variation of the genotoxicity.
Summary and Outlook

Water is the universal solvent which is of
prime importance to both plants and animals.
Being a natural resource, river water is being
contaminated by the industrial discharge,
effluents from factories and by anthropogenic
sources. Heavy metal pollution causes drastic
changes in the biochemical parameters of the
fishes. Haematological parameters are
considered as an indicator of physiological
and pathological changes in fishes RBC, Hb,
PCV, MCH, MCHC levels were found to be
altered in fish species. Antioxidant enzymes,
protein content and genetic materials and
other biomarkers were altered in fishes in
polluted sites. Histological changes occurring
in the tissues of polluted water.These changes
might be due to the adverse effect of
discharge of pollutants such as sewage,
industrial waste, heavy metals and
anthropogenic sources in the fishes habitat. It
is evident from this review, that the fishes are
susceptible to the brunt of pollution and has
the tendency to bioaccumulate toxic
pollutants including metals from their
ecosystem and consumption fishes from the
polluted site for longer duration may pose a
serious threat to human beings.
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