
ABSTRACT
An alarming threat for environment, pollution is undoubtedly posing different adverse impacts on the living organisms. 
Aquatic environment is not the expectation. Among all the sources of aquatic pollution, heavy metal induced hazards 
better have been found to be most important for both freshwater and marine ecosystems. Heavy metals can prove to be 
deleterious for aquatic organism when exposed for short term (acute) as well as long term (chronic) period. Fishes are best 
known model for determining the degree of aquatic pollution. Thus, it is very essential to find a consolidated research 
article describing the accumulation pathway of heavy metals in freshwater fishes. In this review, attempts have been 
made to compile all the available scientific data related to the uptake and accumulation of different heavy metals (As, 
Hg, Cd, Cu, Cr and Pb) and the general histopathological changes due to chronic exposure to sublethal concentrations. 
Data obtained from the previous researches are meticulously chosen in order to avoid ambiguous presentation here. 
The focal objective of the scientific review is to offer an imminent guideline for the students, scientific community, and 
public officials involved in environmental health risk assessment and management ensuring a better future environmental 
condition. During the review process, we have found out that entry routes of different heavy metal is mainly GI tract, 
gill and/or skin. Most of the heavy metal may be present in more than one form and have specific way of accumulation 
in tissues. This review also provides the accumulated data of heavy metal contamination in Indian rivers, factors related 
to metal uptake in fishes and scientific information about the source and bioaccumulation of selected heavy metals. 
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INTRODUCTION

Nowadays, pollution, especially in aquatic ecosystem, due 
to the contamination of heavy metal becomes a significant 

issue of concern to the researchers of environmental 
sciences. It is evident that wide spreading of industries, 
rapid urbanization and population explosion impose 
deleterious impact on the hydro-biological quality of 
both lentic and lotic ecosystems viz., ponds, lakes, and 
rivers. The consequences become more critical because the 
small and large-scale industries frequently discharge their 
wastes containing different heavy metallic contaminants 
directly into the environment which often go beyond the 
permissible limit of the environment (Velma et al., 2009; 
Praveena et al., 2013). 

In spite of the development in waste management 
technologies, the difficulties due to heavy metal release 
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are continuously putting immense adverse effect on the 
biolife of aquatic ecosystems (Bakshi and Panigrahi, 
2018). Especially class- B or lithophilic metals are 
considered to be more deleterious to the ecosystem and 
fundamental group of aquatic pollutants because of the 
long persisting nature (or longer half-life), mechanism of 
bioaccumulation, process of biomagnification and non-
biodegradability. Another important reason behind the 
consideration is their potency to destroy the framework 
of species diversity in any ecosystem (Vutukuru et al., 
2007; Lodhi et al., 2007; Saha and Zamman, 2011; Ahmed 
et al., 2014).

Thus, entering into the food chain heavy metals often 
show high toxicity even in minimum concentration 
providing cumulative injurious effects in an aquatic 
system (Velma et al., 2009; Velma and Tchounwou, 2009). 
Heavy metals are thus considered to put ecological, 

evolutionary, nutritional and environmental impact on 
the ecosystem (Jaishankar et al., 2014). In the recent 
days, fresh water ecosystems are mostly polluted by 
waste waters released from different industries and 
municipalities. The most frequently available heavy 
metals in the waste water are Lead, Arsenic, Cadmium, 
Chromium and Mercury (Bakshi, 2016; Mehana et al., 
2020).  The main objective of the review is to provide 
insight of the uptake and accumulation of some heavy 
metals like lead, cadmium, arsenic, chromium and 
mercury in fresh water fishes. Accumulation rate of 
heavy metals is very specific in different fishes (Khan et 
al, 2020). In this review we have only tried to consolidate 
the data related to heavy metal accumulation in fresh 
water fishes though further studies can be done on the 
heavy metal accumulation in estuarine or marine fishes 
(Khan et al, 2020).

Table 1. Status of heavy metals concentration in Indian Rivers (CWC, 2014; CWC, 2018; BIS 10500,2012; EPA, 1972)

Material and Methods

An attempt is made to produce an utmost consolidated 
manuscript on this topic. In order to make the manuscript 
more comprehensive and relevant for the future 
study, extensive review has been done compiling and 
consolidating the maximum number of available scientific 
data. All data has been collected, from science journals of 
repute, published reports (particularly from international 
agencies) and doctoral or postdoctoral theses. Priority 
has been paid to the reproducible articles which are 
indexed in science journal database like Copernicus, 
Scopus, PubMed etc. The scientific articles highlighting 
ambiguous working methodologies are avoided carefully. 
Key words have been meticulously selected and searched 
based on systematic scientific approaches. Our own 
experimental findings (both laboratory and field) have 
been encompassed at various parts of the manuscript to 
improve the essence of the article.

Heavy metal concentration in fresh water: Most of the 
heavy metals are available in natural water in the form 
of soluble and/or in particulate form. Water soluble 
forms of heavy metals are found in labile or non-labile 
fractions (Jezierska and Witeska, 2001). Labile metallic 
forms are most detrimental to the aquatic organisms, 
especially fishes. Aquatic ecosystem contains not only 
the heavy metals but also the essential metals (both 
major and trace metals). In aquatic environment, trace 
metals are present in very low amount affecting fresh 
water fishes detectable in minimum. Amount of metal 
concentration in fresh water ecosystem is continuously 
increasing directly through atmospheric deposition and 
waste water contamination or indirectly through rising 
solubilisation followed by mobilization from sediments. 
EPA and BIS recommended permissible limit of various 
metals in water are often crossed in some rivers in India 
(EPA,1972; BIS 10500,2012). Central Water Commission 
conducts surveys to estimate the concentration of the 
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heavy metals in the Indian river waters (Table 1) (CWC, 
2014; CWC, 2018).

Central Water Commission report, 2018 shows that forty-
two rivers of India have been found to be polluted due 
to receive of neurotoxic heavy metals. The report also 
describes that river Ganga is highly contaminated by 
chromium, copper, lead, iron and nickel due to receive 
of run-off mostly from milling, plating, mining and 
surface finishing industries. Report shows that Cadmium 
contamination in Indian rivers has increased during the 
last four years. In the rivers of Godavari basin, most of 
the rivers contain cadmium, chromium, arsenic, nickel 
and zinc within the acceptable or permissible limit of 
Bureau of Indian Standards (BIS 10500, 2012) (CWC, 
2018).

Environmental factors affecting metal uptake and 
accumulation in fish: Fishes in the heavy metal 
contaminated aquatic system must accumulate the 
metals in their tissues. The rate of accumulation solely 
depends on the concentration of the metal, method of 
uptake and time of exposure. Some extrinsic factors and 
some intrinsic factors are also important parameters 
which determine the rate of accumulation (Jezierska and 
Witeska, 2001). The environmental factors like water 
temperature, hydrogen ion concentration, hardness etc. 
influence the uptake, accumulation and depuration of 
metals in fish. Water temperature is a key environmental 
factor that influence metal uptake, accumulation and 
depuration (Jezierska and Witeska, 2001). 

Metal accumulation in fishes is also related with some 
biological or intrinsic factors like age, size, feeding 
habits. Except mercury, other heavy metals have shown 
an inverse relation with age and size (Jezierska and 
Witeska, 2006). Accumulated metals show different tissue 
affinity but most of them accumulate especially in gill, 
liver and kidney. Very small number of metals is found to 
be accumulated in muscles in most of the fishes. Except 
mercury, other heavy metals have shown an inverse 
relation with age and size (Jezierska and Witeska, 2001; 
Jezierska and Witeska, 2006).

Uptake and accumulation dynamics of different 
metals in fish: In recent days, pollution (especially 
water pollution) due to heavy metal contamination has 
undoubtedly grow into a great issue of concern to the 
environmental scientists. Extensive industrialization, 
exploitation and rapid increase of urban communities 
have measurably forced adversative impact on the 
hydrobiological quality of lakes, ponds and rivers all 
over the world (Praveena et al., 2013). Heavy metals 
especially cadmium (Cd), copper (Cu), Chromium (Cr) 
and Lead (Pb) are found to be highly available in Indian 
rivers. Though, contamination of detectable arsenic (As) 
and mercury (Hg) is not found to be reported in any river 
of India. In this review, an attempt has been made to 
focus on the various environmental forms of the heavy 
metals (As, Hg, Cd, Cu, Cr and Pb), method of uptake, 
accumulation and dynamics in the fish body (Praveena 
et al., 2013). 

Arsenic: Arsenic is one of the harmful heavy metals 
(metalloid) in the aquatic bioloife. It has a metalloid 
property and is predominantly available in the form of 
oxides (arsenate and arsenite) or sulfides or as a salt of 
sodium, iron, copper, calcium, etc. (Singh et al., 2007). 
Excessive use of arsenical pesticides, industrial activities, 
mining operations and chemical laboratory exhaustion 
has led to the global occurrence of water-soluble arsenic 
concentration above the permissible limit (Table 1). 
Water soluble inorganic arsenic (iAS) are converted to 
methylated arsenical forms i.e., monomethylarsonic 
acid (MMA) and dimethylarsinic acid (DMA) through 
enzymatic activities in organism body. These arsenical 
forms are main end metabolites and biomarker of the 
long-term arsenic exposure (Jaishankar et al., 2014; 
Kumari et al., 2016). Arsenic exposure may be waterborne 
and diet-borne. So, main routes of entry are gill and GI 
tract. Waterborne arsenic after taking entry through gill 
significantly accumulated in gill, liver and intestine and 
manipulates growth of the fish (Tsai and Liao, 2006; 
Han et al., 2019).

Inorganic arsenic (iAs) may be present in two forms 
i.e., iAs(III) and iAs(V). According to Kumari et al., 
(2016), after entry of iAs (V), it converts into iAs(III). 
Then iAs (III) changes into MMA(V) coupled with SAM 
–SAH conversion (SAM: S-adenosylmethionine; SAH: 
S-adenosylhomocysteine). After that MMA(V) transforms 
into most toxic and accumulating form MMA (III) 
through reduction reaction by the action of MMA(V) 
reductase or GSTO 1 (glutathione S-transferase omega 1). 
MMA (III) can also be converted into DMA coupled with 
a SAM –SAH conversion (SAM: S-adenosylmethionine; 
SAH: S-adenosylhomocysteine). Most of the bio-
transformation reactions are taken place in liver (Fig 1) 
(Han et al., 2019).

Figure 1: Biotransformation of arsenic compound
(Source: Modified from Kumari et al., 2016)

When arsenical compounds enter through the dietary 
route, it basically accumulates into digestive tract. 
From GI tract it goes to Liver where most of the 
biotransformation takes place. Then it deposited into the 
other organs or tissues of the body viz., brain gonads, 
muscles either directly or via gill circulation and get 
accumulated (Tsai et al., 2012). Elimination of little 
amount of metal is also observed through feces during 
depuration experiments (Kumari et al., 2016). Water 
dissolved arsenical compounds can also enter through 
gills and can be deposited directly into the brain, kidney, 
gonads and other tissue through speciation. Dietary 
uptake shows accumulation in the digestive tract till 
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the end of exposure but the concentration gradually 
decreases during depuration. Though several researches 
are there but, in most cases, liver is said to be the highest 
accumulator organ of the metal (Kumari et al., 2016; 
Han et al., 2019).

Cadmium: Being completely non-essential to all the 
organisms, cadmium, is considered as a highly toxic 
heavy metal. With the increase of industrialization, 
deposition of cadmium in fresh water bodies (lakes, 
rivers etc.) becomes a major issue of concern to the 
environmentalists. Cadmium related contamination in 
the aquatic organism has been reported to be increased 
in last decade with a high degree of its accumulating 
property (Okocha and Adedeji, 2011). According to 
ATSDR (1999) report, the main sources of cadmium in 
the environment is anthropogenic (90%) and very low 
amount of cadmium is contributed by natural activities 
(viz., volcanic eruption, decaying of vegetables, forest 
fire etc.). 

Anthropogenic activities like agricultural uses, 
electroplating, mining, industrialization etc. are main 
contributors of the cadmium into the environment 
(Table 1). Aquatic organism like fish can readily uptake 
cadmium in its ionic form (Cd II) through the gills (AMAP, 
1998; AMAP, 2002). The ions are usually absorbed 
through carrier mediated transport or passive diffusion 
over the chloride cells of the gills. It has been reported 
by many researchers that cadmium enters into the cell 
through calcium ion channels and interacts with the 
cytoplasmic components like metabolic enzymes and 
metallothioneine (Rodriguez et al., 2015). It is believed 
that high affinity of Cd2+ ion for Ca2+ binding site in the 
gill facilitates its entry through the apical side of the 
chloride cells (Okocha and Adedeji, 2011).

Cadmium can also bind with the active site of Ca2+- 
ATPases present on the basolateral side of the chloride 
cell facilitating the translocation of ionic cadmium into 
the blood circulation (Okocha and Adedeji, 2011). Another 
route of cadmium entry is through dietary ingestion 
when cadmium is associated with organic material. 
Then the ions are absorbed by endocytosis through 
intestine Cadmium is highly accumulated in liver and 
kidney causing various deletorious pathological changes 
(Sumet and Blust, 2001). Cadmium is found to be present 
in maximum concentration in the kidney of the fishes 
posing various degree of renal damage (Kumar et al., 
2009; Vesey, 2010). A very little amount of cadmium is 
found to be liberated out through feces (from intestine) 
and bile (from liver) secretion at the time of depuration 
(Okocha and Adedeji, 2011). 

After renal damage cadmium can also be liberated from 
kidney of the fishes (Kumar et al., 2009; Vesey, 2010). 
Gills are said to be the storehouse of the cadmium 
showing high degree of morphological and biochemical 
changes after chronic exposure. The prime target of 
cadmium ion is chloride cells of the gill where it competes 
with calcium ion for the entry into the cell resulting 
hypocalcemia in fish (Wong and Wong, 2000). Several 

workers have reported that cadmium is highly toxic in 
both acute and chronic exposure causing nephrotoxicity, 
hepatotoxicity, lamellar degeneration and hypocalcemia 
in fish which also put some deleterious impact on the 
human life though food chain (Okocha and Adedeji, 2011; 
Khan et al., 2020).

Chromium: Chromium is present in three oxidation states 
viz., Cr2+, Cr3+, Cr6+, among which divalent Chromium is 
most unsteady. Only, the Cr3+ and the Cr6+ are the stable 
chemical state of Chromium available in the environment. 
Being one of the most common ubiquitous pollutants in 
the aquatic medium, Chromium and its particulates get 
contaminated into the aquatic medium through effluents 
discharged from various industries like electroplating 
workshops, printing-photographic, tanneries, textiles, 
ore mining, dyeing, and medical industries (Bakshi 
and Panigrahi, 2018). Among all the oxidation state, 
hexavalent chromium can be considered as the most 
toxic form because it can readily pass the cellular bio-
membranes and then reduced to trivalent form. 

Then, trivalent chromium reacts with different cellular 
molecules, and ultimately exposes the mutagenic and 
toxic properties of chromium industries (Bakshi and 
Panigrahi, 2018). Chromium enters into fish body either 
through gastro-intestinal tract and/or respiratory tract 
(Bakshi, 2016). The amount of the metal inside the fish 
varies with the form of available chromium time of 
exposure and its concentration (Mallesh et al., 2015). 
Bakshi and Panigrahi (2018) reported that chromium (VI) 
gets associated with the plasma protein and encompasses 
in transportation after penetrating the plasma membrane 
through sulphate ion channel. After that, the metal 
biologically gets accumulated in various internal organs 
of fish. The general pattern of distribution of Cr6+ in fishes 
is as follows: Gills> Liver> Skin> Muscles (Jaishankar 
et., al., 2014; Bakshi, 2016).

After getting entry through passages for isoelectric 
and isostructural anions (such as SO4

2- and HPO4
2-) of 

cell membrane, the hexavalent chromium undergoes 
metabolic reduction within the cell. During these 
metabolic reactions, different reactive intermediates are 
released which are reported to be detrimental to ensuring 
the stability of DNA helix, causing fatal effects in the 
affected individual (Wang et al., 1997; Jaishankar et., 
al., 2014). The same authors have also reported that 
migration of various intermediate chromium metabolites 
to nuclei and interaction with DNA are evident during 
this process causing the final negative effect (Vutukuru, 
2005; Velma et al., 2009). 

The primary storage and detoxification site for 
chromium is said to be liver in experimental condition. 
Higher concentration of metals is evident in bile of the 
experimental organism (Clarias batrachus) being exposed 
to metal contaminated food and environment (Bakshi, 
2016; Bakshi and Panigrahi, 2018). It is reported that this 
storage is stabilized mainly by protein linkage or small 
peptide linkage such as glutathione linkage. In case of 
fishes the main elimination route of chromium or its 
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compounds is through feces (Bakshi, 2016; Bakshi and 
Panigrahi, 2018).

Lead: Lead is considered to be a toxic metal which do 
not have any importance in the physiological processes 
of any living organisms. The metal is highly toxic in 
aquatic environment as it easily accumulates in fish 
tissues like gill, liver, kidney, bones and scales. It also 
can cross the blood-brain barrier causing neurotoxicity in 
fish (Rabitto et al., 2005; Ju-Wook et. al., 2019). Lead has 
now becoming a ubiquitous metal with various source in 
the environment. The sources are mainly of industrial, 
agricultural and domestic origin. 

Gasoline and house paints also contribute lead in the 
environment, furthermore, lead bullets, plumbing pipes, 
storage batteries, pewter pitchers, faucets and toys are 
also helping in lead contamination (Sharma and Agarwal, 
2005; Jaishankar et al., 2014). Automobile exhaust 
and smoking also contaminate lead into the air. Lead 
can enter through the gill, altering the morphological 
character of gill when gets attached to the mucus 
(Mobarak and Sharaf, 2011). Then it enters into the 
blood stream and accumulates in liver. Liver is the main 
organ for detoxification in fish. The metal can enter also 
through gastrointestinal pathway if lead contaminated 
diet is consumed or through skin (Łuszczek-Trojnar et 
al., 2013; Ju-Wook et. al., 2019).

The divalent lead can compete with the divalent calcium 
ion for entry through the gills (Ju-Wook et al., 2019). 
After getting entry through the metal traverses the basal 
membrane and enters into the blood flow from where it 
readily accumulates in liver. Dietary entry of lead also 
leads to the accumulation in liver though very little 
amount of the metal is defecated out. Then the metal 
accumulated into the kidney, it makes a huge damage 
to the organ. As the metal can cross blood brain barrier, 
it shows high degree of neurological damage. Several 
researchers reported about the acculamation of this metal 
into bones and scales also (Rabitto et al., 2005; Ju-Wook 
et. al., 2019). Several researchers have confirmed that 
lead can be bioacumulated in different tissues of the 
fish and can also be biomagnified with the food chain 
(Shaukat et al., 2018; Ju-Wook et al., 2019; Khan et al., 
2020). Apart from the defecation very small amount of 
lead have been found to be eliminated out through bones 
and scales during depuration (Łuszczek-Trojnar et al., 
2013; Ju-Wook et al., 2019).

Mercury: Mercury, a highly toxic and non-essential 
metal, also termed as quicksilver, is prevalent in the 
environment as a result of natural and anthropogenic 
activities. Exposure of mercury is considered to be the 
second highest cause of toxic metal poisoning.  Best 
known accident related to mercury pollution is Minamata 
disaster of Japan (Vasanthi et al., 2019).

Mercury is present in three states with different 
metabolic fate: mercury vapour or metallic mercury 
or elemental mercury (Hg0), mercury salts or inorganic 
mercury (including mercurous chloride or Hg2cl2, 

mercuric chloride or HgCl2 and mercuric sulfide or HgS) 
and organic mercury (methyl mercury, ethyl mercury, 
phenyl mercury and alkyl mercury). There are some 
natural sources of mercury pollution like elemental 
mercury vapour from volcanoes and forest-fire, inorganic 
mercury by rock weathering etc. (Martinez-Finley and 
Aschner, 2014; Raihan et al., 2020). But after industrial 
revolution, source of mercury in the environment is 
mainly anthropogenic (Rice et. al., 2014). viz., gold 
mining, fossil fuel combustion, paper and pulp industries, 
electronic wastes, medical wastes, electroplating, metal 
industries, pharmaceutical industries etc. 

In fishes, mercury can be taken up through gills, skin 
or digestive tract (Sweet and Zelikoff, 2001; Morcillo et 
al., 2017). Metallic mercury or mercury vapour (Hg0) 
can be oxidized into water soluble inorganic mercury 
(Hg2+) which is basically taken up by the fishes or can 
be reduced back to metallic mercury (Hg0) (Tokar et 
al., 2015). Metallic mercury often can be converted 
into organic mercury (Methyl mercury or phenyl 
mercury) by microorganisms (Rodriguez et al., 2015). 
Toxicity of mercury depends upon the state of mercury, 
environmental media, conditions, age and life history of 
the specimen and sensitivity of the organism. Organic 
form of mercury is most toxic to the aquatic organisms 
as it can be biomagnified through food chain (Fig 2) 
(Vasanthi et al., 2019).

Figure 2: Forms of mercury in environment

Mercury uptake can be energy-dependent or passive 
depending on state of mercury (Aschner et al., 2010). 
Water soluble inorganic mercury (Hg2+) or mercury in 
mercuric or mercurus salt can be absorbed (15%) through 
digestive tract whereas, methyl mercury absorption is 
90-95% in food. Most of the methyl mercury is found in 
the muscles (80-100%). Mercury can be absorbed through 
gills, gastrointestinal tract and very little amount through 
skin. The inorganic Hg can cross the epithelia and bound 
with plasma proteins and transported to different organs 
via systemic circulation (Aschner et al., 2010; Rodriguez 
et al., 2015).

In Rainbow trout (Oreochromis mykiss) major part of 
whole blood methyl mercury (90%) efficiently binds 
with beta chain of haemoglobin of RBC (Jasim et al., 
2016). Due to the lipophilic property of methylmercury, 
it can easily pass the gut cell membrane and enters into 
the cell. Then methyl mercury can bind reversibly to 
sulphur containing amino acid (Cysteine). Therefore, 
cellular molecules like glutathione (GSH) can easily 
bind with methyl mercury (Morcillo et al., 2017). The 
cysteine bound form facilitates its transport to sensitive 
tissues like brain by an L-neutral amino acid transport 
system. 



A. K. Panigrahi  et al.,

 392 Accumulation of heavy metals in freshwater fishes		  	      BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Selected		  Major histopathological alterations of		  References
Heavy		  different organs due to chronic metal
Metals		  exposure to sub-lethal concentrations
	 Gill	 Liver	 Kidney

Arsenic	E pithelial hyperplasia, 	 Focal lymphatic	 Pycnotic nuclei,	 Ahmed et al. (2013b)
	 lifting and oedema, 	 and macrophage	 vacuolization of tubular	 ; Morcillo et al. (2017)
	 lamellar fusion, 	 infiltration, congestion,	 cells, glomerular
	 desquamation 	 sinusoid dilation a	 shrinkage, lumen
	 aneumerism,	 & swelling, vacuolization 	 enlargement, 
	 and necrosis	 and shrinkage of 	 necrosis.
		  hepatocytes, necrosis

Cadmium	 Hyperplasia, increase 	 Dissociation of	 Disorganization and	 Ahmed et al. 
	 in chloride cells, 	 hepatocytes,	 degeneration	 (2014); Kaur et al. 
	 reduced and shortened 	N ecrosis, blood	 of renal epithelial	 (2018)
	 length of secondary	 congestion in	 cells, reduction in
	 gill lamellae	 liver sinusoids, 	 glomerulus, hypertrophy,
		  vacuolization	 dialation of bowman’s 
			   capsule, focal necrosis

Chromium	L amellar 	 Hyperplasia, Necrosis	 Highly fenestrated	V elma et al. (2009);
	 disorganization, 	 of hepatocytes, 	B owman’s capsule,	V elma and Tchounwou,
	N ecrosis in 	R educed N-C ratio	 Constricted lumen	 (2009); Bakshi,
	 epithelial cells, 		  of renal tubes,	  (2016); Bakshi
	 atrophied central 		  glomerular	 and Panigrahi, 
	 axis.		  disorganization,	 (2018)

Lead	 Hyperplasia, 	 Disarrangements of	 Degeneration of renal	 Mobarak and Sharaf,
	 hypertrophy 	 hepatic cords,	 epithelium, vacuolization,	  (2011); Ahmed
	 and destruction 	 shrinkage of hepatocytes,	 nuclear pycnosis.	 et al. (2014);
	 or disintegration 	 dialation of sinusoids,	R enal tube atrophy,	 Mustafa (2020)
	 of lamellar 	 exudation of blood,	 oedema, necrosis
	 architecture, 	 loss of cell adherence
	 lamellar clubbing 	 of hepatocytes.
	 and fusion of lamellae.

Mercury	 Mild congestion 	V acuolization, Hypertrophy	 Hydropic swelling	K aviraj, (1983);
	 and oedema in 	 of hepatocytes,	 of tubules,	K aoud and
	 primary lamellae, 	 intravascular hemolysis,	 pycnotic nuclei,	E l-Dahshan,
	 hyperplasia, desquamation	 nuclear pycnosis, 	 swelling of proximal	 (2010);
	 in epithelial lining 	 congestion in	 convoluted tubule	S elvanathan
	 secondary lamellae, 	 central vein, 	 with necrotic nuclei.	 et al. (2013)
	 hyperactivity of 	 necrosis
	 chloride and 
	 mucous cells, 
	 Increase in RBC,
	  macrophages
Copper	L ifting of Lamellar 	N ecrosis, vascular	 Damage and degeneration	N andan and
	 epithelium, RBC 	 hemorrhage, dilated	 of renal tubules, 	K umar, (2014); 
	 exudes, Necrosis, fusion 	 sinusoids and	 glomerular oedema, 	 Atabati et al. 
	 of adjacent lamella 	 vacuolar	N ecrosis,	 (2015); Al-Tamimi
	 , hyperplasia, oedema	 degeneration		  et al. (2015)

Table 2. Histopathological alteration of gill, liver and kidney due to chronic 
exposure to sub-lethal concentrations of selected heavy metals
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In the digestive tract, methyl mercury is absorbed and 
transported to blood plasma and started to distributed 
in different tissue. Jasim et al., (2016) reported that 
liver accumulate more amount of mercury than gill and 
muscles (liver> gills> muscles) in Oreochromis niloticus. 
Methyl mercury can readily bind to metalloproteins and 
metallothioneines. About 10% of total ingested methyl 
mercury entrapped into central Nervous system (CNS) as 
it can pass blood brain barrier and the rest is transported 
to liver and kidney, from where it is excreted through 
urine or bile (Rodriguez et al., 2015). It is also proved 
that not only methyl mercury but also total mercury 
amount also put some deleterious impact on freshwater 
fishes (Subhavana et al., 2020).

Copper: Copper is an essential trace element for the living 
organisms. This is very much necessary for completing the 
metabolic reaction for growth of any organism. Copper is 
particularly important in activating cuproenzymes that 
catalyses many important metabolic reactions of living 
organisms. However, this element may be converted to 
hazardous substance if exposed beyond its permissible 
limit (50 ppm.) for long time. Extensive use of copper 
in agriculture, and industries like textile, tanneries, 
paints, battery, laundry, photographic studio, copper 
ware manufacturer, pipe making industries introduce the 
copper in high amount in the environment, becoming 
the principal source of contamination (Table 1). 

Copper is essential element for living organisms for 
its involvement in many biological processes like 
oxidative phosphorylation, gene regulation and also acts 
as cofactor for enzymes but the metal becomes toxic 
when it exceeds its tolerance level in the surrounding 
aquatic medium. The main route of entry is through 
gill and dietary uptake whereas a very little amount of 
the metal can be taken up through skin (Padrilah et al., 
2018). After entry copper bind to the plasma proteins 
and carried to different organs of the fish. Particularly, 
copper becomes toxic when an excessive amount of 
copper entered into the cell and binds to the cellular 
proteins and nucleic acid altering the natural metabolic 
reactions and gene expression. During chronic exposure 
at high concentration, Copper first accumulates in gill at 
higher concentration at which it may be toxic (Padrilah 
et al., 2018).

Then the metal gets absorbed into the plasma. Similarly, 
plasma takes the metal from the gut cells as well (Annabi 
et al., 2013). Then the metal is distributed in other organs 
like liver, spleen and kidney through the blood and 
bioaccumulated. Several researchers showed that liver is 
the main depot for the copper accumulation (Rajkowska 
and Protasowicki, 2013). Das and Gupta (2013) reported 
the accumulation of copper in the selected fish (Esomus 
danricus) organs as follows: liver>gill>kidney>fles
h>bones>brain. Uptake and accumulation of copper 
in fish body is highly regulated by physico-chemical 
parameters of water such as pH, hardness, alkalinity, 
presence of inorganic and organic matter etc. (Malhotra 
et al., 2020).

Major histopathological alterations in gill, liver and 
kidney due to heavy metal accumulation in fresh water 
fishes: Accumulation of heavy metals leads to cellular 
level, tissue level or organ level toxicity. Chronic 
exposure to different heavy metals causes various 
deleterious impact on fish organs. Histopathological 
study proves the degree of metal infestation though 
impacts are dose/concentration and time of exposure 
dependent, organ sensitive and organism specific. In 
ecotoxicological studies, histopathology of the sensitive 
organs has been highly recommended as a biomarker of 
evaluation of stress due to metal contamination. Gill, 
liver and kidney are most sensitive to metal pollution 
thus histopathological studies of these organs become 
an unavoidable tool for evaluation of metal stress in the 
environment (Table 2). Several researchers have reported 
different types of heavy metal induced tissue degradation 
in different piscian models (Bakshi, 2016; Morcillo et al., 
2017; Bakshi and Panigrahi, 2018). Long-term exposure 
to heavy metals even in very low amounts generally 
leads to leakage of cellular pathology marker enzymes 
in diferent tissues of fsh (Islam, 2019; Mustafa, 2020).

Conclusion

In this review we have compiled the uptake and 
accumulation process of some heavy metals (viz., 
Arsenic, Cadmium, Copper, Chromium, Lead and 
Mercury) of fishes. The bioaccumulation process of 
these metals poses serious impact on the aquatic food 
chain also. The magnified concentration of different 
heavy metals leads to higher mortality rate in fish eating 
organisms especially aquatic birds. Fish is consumed 
as a primary source of protein thus contamination of 
heavy metals can be very dreadful to human being 
also. To cope up with the serious environmental threat 
effective legislation guidelines and regular monitoring 
are highly required. Failure to control the contamination 
will lead to severe complication in near future because 
of the imposed adverse impact of the heavy metals. 
Monitoring the exposure, release of the heavy metals and 
probable intervention for reducing additional exposure 
in environment can become a momentous step towards 
control measures. State, National and international co-
operation is very important for framing ideal tactics to 
avoid the consequences of heavy metal toxicity.
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