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Abstract 
This review attempts to provide some sagacity of our recent knowledge of water body’s contamination 
and exposure of heavy metals with aquatic life. Heavy metals are basically known to be naturally 
occurring compounds that have a relatively high density compared to water. These metallic are 
considered systemic toxicants that are directly or indirectly linked to induce multiple organ damage and 
several other severe consequences even at lower levels of exposure. Due to the immense anthropogenic 
actions these metals bring in large quantities in different environmental compartment and water bodies 
that cause water quality deterioration ultimately leading to bioaccumulation of hazardous substances. 
Toxicity depends on various factors viz. dose, route of exposure, chemical species as well as the age, 
gender, genetics, and nutritional status of exposed organism. Arsenic, cadmium, chromium, lead, and 
mercury rank among the high-grade toxicants. It has been reported that the aquatic life is greatly affected 
with these heavy metals accumulation. Several conducted studies suggest that Fishes dwelling in such 
contaminated water bodies significantly affect their health and further reduce their nutritive value and 
flesh quality due to the incorporation of non-essential metals which are not required. Such toxicant 
potentially hampered the normal physiology and functioning of an organism.  

 
Keywords: Heavy metals, hazardous, anthropogenic, bioaccumulation, toxicant, accumulation, nutrition 

 

1. Introduction 
Water pollution is one of the major concerns in 21st century. The most significant pollutants 
are heavy metals in aquatic networks due to their toxicity, accumulation, and bio-
magnification by aquatic organisms. Domestic, industrial, and anthropogenic activities may all 
be sources of heavy metal contamination in natural aquatic systems [1]. Metal concentrations 
have both beneficial and detrimental effects on aquatic life. As a result, these can be classified 
as essential, non-essential, or toxic. Iron (Fe), copper (Cu), zinc (Zn), and selenium (Se) are 
essential elements that play a specific role in body metabolism. Non-essential elements are 
those that have no known specific function in the body but are not toxic in any significant 
amount. Finally, toxic elements such as chromium (Cr), nickel (Ni), cadmium (Cd), mercury 
(Hg), and lead (Pb) are generally associated with pollution. Few metals are extremely toxic in 
trace amounts, whereas some biologically significant metals are toxic at high concentrations. 
Intakes of heavy metals in excess react with bio-elements (these elements are essential for life 
to function) present in the body, disrupting the structure of chief molecules that participate in 
many metabolic reactions [2]. Heavy metals in fish are primarily ingested through their diet, 
and levels of bioaccumulation of contaminants are higher in fish leading to increased level of 
contamination in the food chain [3] (Figure 1). The trend of metal accumulation in fishes varies 
depending on a variety of factors, including developmental and psychological factors as well 
as the age of the fish. Fish consumption has increased rapidly in recent years, owing to 
increased awareness of its nutritional and therapeutic benefits. Fish is rich in essential 
minerals, vitamins, and unsaturated fatty acids, in addition to being a good source of protein [4] 
(Figure 2). Fish and shellfish provide 25% of protein to humans worldwide [5]. The American 
Heart Association suggested intake of fish at least twice a week to meet the recommended 
daily requirement of omega-3 fatty acids [6]. The presence of toxic metals and metalloids such 
as lead, cadmium, arsenic, and mercury may jeopardize the numerous health benefits provided 
by fish consumption. Metal concentrations in fish meat must therefore be monitored in order to 
ensure compliance with food safety regulations and consumer protection.
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Fig 1: Contamination of water bodies with heavy metals due to effluents from industries leading to bioaccumulation 

 

 
 

Fig 2: Nutritional content of fish 

 

2. Effect of cadmium toxicity on fish  

Cadmium is regarded as one of the most dangerous heavy 

metals. There are neither any known beneficial properties of 

cadmium which support life nor any evident fact for its 

biological necessity [7]. Cadmium-related contamination of 

aquatic habitats has significantly increased in recent decades, 

resulting in an increase in cadmium deposits in aquatic 

organism tissues throughout all food chain systems. Its 

accumulation in living organisms is a major ecological 

concern, especially given its ability to accumulate quickly. 

Cadmium excretion from living organisms, on the other hand, 

is a slow process and it can cause structural and 

pathomorphological changes in a variety of organs in fish [8]. 

The gills (respiratory tract), the intestine (ingestive intake), 

and the skin are all potential sites for dissolved metal 

absorption in fish (transcutaneous uptake). Cadmium ions are 

typically absorbed via passive diffusion or carrier-mediated 

transport over the gills. It has been reported that cadmium 

ions may enter the chloride cells of the gills via calcium 

channels [9].  

 

2.1 Cadmium-induced neurotoxicity 

Several studies have shown that cadmium toxicity can 

damage neuronal network and nervous system in fishes. An 

experiment done on zebrafish showed that exposure to 

cadmium significantly reduced its swimming speed. It has 

also been reported from the study that cadmium exposure 

disrupted the levels of neurotransmitters such as dopamine, 

serotonin and acetylcholine. Furthermore, it was found that 

the expression of gene which governs neuronal development 

and neurotransmitter metabolism was also altered [10].  

2.2 Cadmium-induced nephrotoxicity 

Cadmium is a heavy metal that is highly toxic even at low 

levels of exposure and has both acute and chronic effects on 

aquatic animal health and the environment. It affects the 

osmoregulatory function of the kidneys. Studies has shown 

that acute exposure to cadmium causes low functionality of 

certain enzymes which disturbs the fish's ability to regulate 

the calcium level in the blood finally leading to hypocalcemic 

condition [11]. 

 

2.3 Cadmium-induced immunotoxicity 

Several studies have suggested that cadmium exposure can 

induce immunosuppressive effect in fishes. Cadmium 

exposure causes oxidative stress and disruption of miR-216a-

PI3K/AKT axis which promotes apoptosis and necrosis in fish 

lymphocytes [12]. Furthermore, cadmium can induce 

immunotoxicity via transcriptional regulation of Nrf2 and NF-

κB and gene modifications at transcriptional, translational, 

post-translational levels [13].  

 

2.4 Cadmium-induced hepatotoxicity  

Cadmium accumulates in fish liver at higher concentration. 

The cadmium accumulation in fish liver causes several 

pathological changes such as engorgement of blood vessels, 

congestion, vacuolar degeneration of hepatocytes, necrosis of 

pancreatic cells and fatty changes in the Peripancreatic 

hepatocytes [14]. These alterations further lead to the 

hepatomegaly in fishes which causes retarded growth and 

disruption of metabolic mechanisms.  

 

3. Effect of chromium toxicity on fish 

Chromium is regarded as one of the most common and 

pervasive pollutants in the aquatic ecosystem. It enters the 

waterbodies through effluents discharged from various 

industries such as textiles, tanneries, electroplating 

workshops, ore mining, dyeing, printing-photographic, and 

medical. The bioaccumulation of the chromium in aquatic 

organism varies with size and organ. Its concentration has 

been found to be highest in fish gills, kidneys, and liver, with 

little tendency for chromium accumulation in muscular tissues 
[15].  

 

3.1 Chromium-induced neurotoxicity 

Chromium can induce neurotoxic effect in fishes. Studies 

have revealed that exposure to chromium leads to alteration in 

activity of acetylcholine esterase (AChe) and MT gene 
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expression [16]. Furthermore, it was observed that exposure to 

chromium leads to erratic swimming, loss of balance and 

tendency of convulsion [17]. Very few literature articles are 

available regarding chromium induced neurotoxicity. More 

research is required for deep comprehension of induction of 

neurotoxicity and its mechanism due to chromium in fishes. 

 

3.2 Chromium-induced nephrotoxicity 

The osmoregulatory function of various fish species is 

greatly harmed by trivalent chromium. It was reported that the 

trivalent as well hexavalent metal has the potential to cause 

deep fluctuations in the osmoregulatory functions of fish [18]. 

Chromium toxicity is directly associated with kidney enzyme 

ATPase activity due to which function of osmoregulation is 

hampered ultimately leading to the severe consequences and 

kidney failure.  

 

3.3 Chromium-induced immunotoxicity 

Prabakaran et al. have conducted an experiment in order to 

understand the immune system response and non-specific 

immunity in the tilapia fish (Oreochromis mossambicus). Fish 

was exposed to the sublethal concentrations of tannery 

effluent having chromium (88.2 mg/l) [19]. It was evaluated 

that the exposure of fish to such sublethal concentrations of 

tannery effluent significantly suppressed antibody response as 

well nonspecific serum lysozyme activity. These types of 

experimental studies can serve as an essential factor for 

discussing the role of immunological parameters in 

monitoring and assessing fish health and risk. 

 

3.4 Chromium-induced hepatotoxicity  

Though the liver plays an important role in metabolic 

processes and xenobiotic neutralization and detoxification, 

acute exposure to metals such as chromium may leads to 

its accumulation in the liver and cause pathological changes 
[20]. Alanine aminotransferase (ALT) and Aspartate amino 

transferase (AST) are used biomarker for analysis of 

hepatotoxicity [21]. Fishes exposed to chromium exhibit 

increase in transferases (ALT and AST) which could be 

attributed to enzyme leakage across damaged plasma 

membranes and/or increased enzyme synthesis by the liver 
[22].  

 

4. Effect of mercury toxicity on fish 

The people have become increasingly aware of the negative 

health effects caused by mercury pollution in the waterbodies 

since the Minamata disease incident in Japan. Mercury in 

waterbodies is mainly found in the form of elemental 

mercury, divalent mercury and methylmercury. Bacteria and 

phytoplankton serve as gateway for entry of mercury in food 

chain as they can actively accumulate mercury in their cells 
[23, 24]. As mercury enters the fish body through food chain, it 

forms stable and strong bond with protein sulfhydryl groups 

which makes it excretion and elimination very slow and is 

retained in the fish’s body for longer duration [25]. The highest 

concentration of mercury was observed in the muscle, 

followed by liver or kidney. 

 

4.1 Mercury-induced neurotoxicity  

Mercury has potency to cross blood brain barrier and 

accumulate in brain and therefore can cause serious damage. 

Accumulation of mercury in brain can induce neurotoxicity 

via oxidative stress, cytoskeletal assembly dysfunction and 

metabolic disorders [26]. It is established through the 

proteomic analysis of Atlantic cod brain tissue that on 

exposure to methylmercury, the level of 71 protein changed 

by 20% or more [27]. Furthermore, in another study on brain of 

juvenile beluga authorized the fact that methylmercury has 

potency to induce neurotoxicity via oxidative stress and 

apoptosis concluding that it can cause metabolic damage [28]. 

Several other studies shown that mercury may also induce 

morphological changes such as total count and volume of 

neurons and glial cells with changes in swimming behavior 
[29]. 

 

4.2 Mercury-induced nephrotoxicity 

The kidney's role in mercury elimination is dependent on the 

mercurial form, preferably inorganic form, by urine [30]. 

Earlier studies have shown that after a duration of 4 weeks 

exposure to methylmercury, the sturgeon fish species kidney 

exhibit severe degeneration of renal tubules [31]. Another study 

provided fact that exposure to methyl mercury culminated to 

necrosis areas, increased number of melano-macrophages 

center, intercellular spaces among the parenchymal cell and 

phagocytic areas in head kidney of the fish [32]. 

 

4.3 Mercury-induced immunotoxicity 

Although the immunotoxicity effect of mercury is well 

studied in context of mammals, its adverse effect in case of 

fishes is still not well known. Research articles have chalked 

out the hindrances in assessment of immunotoxicity effects in 

fish and challenges to choose valid and appropriate 

parameters out of many immune parameters [33]. Study on 

snakehead (Channa punctatus) exposed to 0.3 mg/L HgCl2 

shown up-regulation of pro-inflammatory cytokines like 

tumor necrosis factor-α (tnfα) and interleukin-6 (il6). In vitro 

study on gilthead seabream (Sparus aurata L.) shown down 

regulation of pro-inflammatory il1b gene expression in head 

kidney leucocytes [34]. Furthermore, European sea bass 

(Dicentrarchus labrax) in vitro exposure to mercuric chloride 

potentially induced apoptosis in head-kidney macrophages 
[35]. Also, increase in transcription of apoptotic gene was 

observed after exposure to methylmercury in gilthead 

seabream [36] leading to apoptosis and necrosis. 

 

4.4 Mercury-induced hepatotoxicity 

Accumulation of mercury in liver tissues may lead to 

histopathological damage such as vacuolization, parenchyma 

disorganization and pyknotic nucleus and thus leads to 

impairment of liver ultrastructure [37]. Furthermore, using 

quantitative proteomic analysis, it was proposed that 

hepatotoxicity induced by mercury may involve oxidative 

stress, change in rate of energy metabolism and cytoskeleton 

damage. Above mentioned alteration indicates that 

mitochondria may be the prime target for mercury attack in 

cells [38] which further leads to hepatotoxicity.  

 

5. Effect of lead toxicity on fish 

Lead has no physiologically relevant role in the body, and its 

harmful effects are myriad. Lead (from the soil and 

atmosphere pollutes water bodies and poses detrimental effect 

on aquatic life. Leads being one of the most toxic elements 

holds 2nd place in Priority List of Hazardous Substances [39]. 

The accumulation rate of lead in fishes depends on several 

factors such as exposure duration, salinity, temperature, fish 

species and metabolic activity of fish [40]. Exposure to lead 
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poses adverse effect on physiological functions of fish 

including pituitary function, gonadosomatic index, 

chromosomal aberrations, oocyte growth, DNA damage, 

neurological disorders and scoliosis [41, 42]. Pb exposure causes 

a large range of toxic effects on fishes and greatly affects their 

life.  

 

5.1 Lead-induced neurotoxicity 

Lead Pb is known as neuro-toxicant which causes 

neurodegenerative disorders, cell signaling deregulation, and 

neurotransmission impairment. It greatly impacts brain and 

cognitive function morphological changes in the brain are 

mostly observed in case of Pb-induced toxicity [43]. It has been 

reported that oxidative damage by lead Pb exposure is closely 

associated with neurotoxicity in fishes; also chronic Pb 

exposure is much toxic to the central nervous system in fish, 

resulting in to behavioral and cognitive dysfunctions [44]. Pb 

affects by disrupting the calcium flux and calcium-regulatory 

functions, it competes with calcium ion which is a critical for 

neurotransmitter release and regulation. Just by mimicking the 

calcium cation it binds specifically to the calcium transport 

system of the nervous system. Thereby inducing changes in 

calcium homeostasis, that hampered neurotransmission [45]. Pb 

exposure causes synaptic damage and neurotransmitter 

changes in fish, resulting in neurological and behavioural 

consequences. Furthermore, exposure of pb also reduces the 

activity of ecto-nucleotidase a key enzyme regulating the 

purinergic signalling. As a result, structural or functional 

changes in proteins, induces gene expression, and disruptions 

in the transduction and DNA repair processes [46].  

 

5.2 Lead-induced nephrotoxicity 

Lead exposure poses lethal effects on kidney tissues. Chronic 

lead exposure causes high accumulation in kidney. Higher 

concentration of lead is found in kidney as compared to other 

organs as they perform function of detoxification and removal 

of xenobiotics [47]. Several studies reported degeneration of 

kidney due to increased exposure to lead [48]. Furthermore, 

degeneration of kidney leads to loss of essential ions such as 

calcium due to decrease in reabsorption activity of the fish [49]. 

Increased peroxidase activity was also observed in kidney 

cells which indicates higher production of reactive oxygen 

species [50].  

 

5.3 Lead-induced immunotoxicity 

Lead exposure alters the immune response in the fishes. 

Studies have shown that lead exposure in fish induces 

decreased hematopoietic activity in the spleen, phagocytic 

activity and decreased antibody production [51]. Furthermore, 

it was observed that exposure to lead for short duration result 

in increase of lymphocytes count while the number decreases 

when exposed for longer duration due to immune injuries [52]. 

Also, cortisol secretion was observed due to stress reaction 

and promotion of lymphocytes apoptosis which led to 

decrease in white blood cell and lymphocyte count [53]. Lead 

is known to influence immune responses by regulating the 

expression of cytokines [54]. Cytokines such as interleukins 

(ILs) and tumor necrosis factors (TNFs) regulate signals 

between different cells that cause an immune response and 

plays an important role in regulating an immune mechanism 
[55]. It was reported in crucian carp that mRNA expression of 

IL-10 and TNF-α was increased due to exposure to lead 

which signifies serious damage done by lead on fish immune 

system [56]. So, it is well established fact from several studies 

that lead poses serious negative effect on immune responses 

in fish, including lymphocytes, leukocytes, inflammation, and 

apoptosis. Apart from inhibiting the activity of vital 

biomolecules, it also acts as an immunotoxin by interfering 

with intracellular signal transduction. 

 

5.4 Lead-induced hepatotoxicity 

There have been various experimental studies revealed that 

lead Pb exerts some histological effects on hepatic tissue such 

as proliferation of connective tissue, hepatic necrosis, 

vacuolation of hepatic cells These alterations became more 

pronounced in liver of fishes when tested at increasing 

concentrations of Pb [57]. Pandi Prabha et al. concluded in 

their experimental study that Pb accumulation is highly toxic 

to fish liver as its toxicity is directly associated with increased 

expressions of some liver enzymes such as CYP1A, CYP3A, 

Hsp60, Hsp70, and Metallothionein in the liver tissue. The 

lead induced toxicity enhances and increased the release of 

alanine transaminase, aspartate transaminase in serum due to 

which activity of ALAD in the blood decreased and hepatic 

damage take place ultimately inhibiting the synthesis of red 

blood cells in fish. It has also been reported that Pb toxicity 

causes severe liver injury leading cellular leakage of several 

hepatic marker enzymes into blood stream finally loss of the 

actual functional integrity of hepatic membrane architecture 
[58].  

 
Table 1: Shows maximum permissible limit for heavy metals 

according to FAO 
 

Heavy metal 
Maximum permissible limit in parts per 

million (ppm) 

Cadmium 0.05 

Chromium 1 

Mercury  0.5 

Lead 0.5 

 

6. Effect of heavy metal toxicity on protein content of fish 

flesh 

Protein is essential macromolecule which act as regulatory 

elements for various vital body functions such as growth, 

immunity and development. Major population of the world 

suffers from protein deficiency. Survey conducted by Indian 

Council of Medical Research in 2017 shows that 73% of 

Indian have protein deficient in their diet. Fish being 

nutritionally rich serve as cheapest and best form of protein 
[59]. Fish flesh have relatively more protein content than the 

flesh of most terrestrial animals. Furthermore, fish protein is 

highly digestible and rich in peptides and essential amino 

acids that are lacking in terrestrial meat proteins, such as 

methionine and lysine [60]. Proteins are extremely sensitive to 

heavy metal toxicity. Studies have shown that there has been 

significant decrease in muscle protein content of the fishes 

when exposed to heavy metal toxicity [61]. The decrease in 

muscle protein content is due to the channelization of protein 

for tissue damage repair and detoxification of the heavy metal 

stress [62].  

 

7. Effect of heavy metal toxicity on carbohydrate content 

of fish flesh 

Fish meat contains higher amount of omega 3 long chain 

polyunsaturated fatty acids (n-3 LC PUFA) and other 

essential fatty acids as compared to terrestrial animals [63]. 

Many researchers have found strong links between fish and 
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seafood consumption and positive health effects, particularly 

a lower risk of coronary heart and cardiovascular disease, a 

lower risk of inflammatory disease such as arthritis, and 

cancer prevention. The European Food Safety Authority 

(EFSA) has authorized numerous health benefits related to 

fish consumption or EPA and DHA, such as the maintenance 

of normal blood triacylglycerol levels, normal brain function, 

vision, cardiac function and blood pressure [64]. Composition 

of fatty acid depend on peroxidation in fishes. Study 

conducted by (Ramirez and Gimenez, 2002) showed that lipid 

content of the fish muscle significantly decreased when 

exposed to heavy metals [65]. Also decrease in unsaturated 

fatty acid was also observed [66]. Furthermore, fishes exposed 

to cadmium showed decrease in palmitoleic acid, oleic acid, 

linoleic acid, arachidonic acid, eicosapentaenoic acid, 

docosapentaenoic acid and docosahexanoic acid content [67]. 

So, we can be summarized that heavy metals toxicity leads to 

degradation of fat content of fish flesh. 

 

8. Conclusion 

Anthropogenic activities have led to degradation of both 

terrestrial and aquatic ecosystem. With exponential 

population growth and shoot in number of industrial setups, 

the ecosystem health is jeopardized. In recent years, aquatic 

ecosystem is deteriorating at an alarming rate due to effluents 

from sewage and industries. It leads to contamination of 

waterbodies with toxic substances which poses deleterious 

effect on aquatic ecosystem. Most lethal of those 

contaminants are heavy metals which have serious effect on 

both biotic and abiotic components of the water body. These 

heavy metal toxicants get ingested into the aquatic animal’s 

body and their accumulation (bioaccumulation) affects whole 

food chain. Fishes being the chief residents of the aquatic 

ecosystem are badly affected by heavy metal toxicity. It is 

well known fact that fish serves as one the richest and 

cheapest form of protein. Bioaccumulation and toxification of 

fishes with these heavy metals leads to degradation of its 

nutritive quality and makes it unfit for human consumption as 

its consumption has serious effect on human health. The 

accumulation of these heavy metals also leads to increase in 

mortality in fishes. Apart from the ecological and nutritional 

aspect, it also has economical aspect as it serves as source of 

income for the people living in coastal areas. So, we can say 

that heavy metal contamination of waterbodies poses serious 

detrimental effect on ecological, nutritional, biological and 

economical aspect of life. Contamination of waterbodies with 

heavy metals disturbs whole food chain and leads to 

bioaccumulation. When these metals are ingested by the fish 

through food chain, it accumulates in their body and leads to 

detrimental effects such as neurotoxicity, nephrotoxicity, 

immunotoxicity, hepatotoxicity, degradation of nutritional 

value and sometimes increase in mortality rate. The 

accumulation of these metals makes the fish unfit for human 

consumption and if consumed causes serious health issues in 

humans. While on the other hand, increase in mortality rate 

puts the diversity of the fishes of that particular water body in 

jeopardy. So, we conclude that strict measures should be 

taken to keep a check on effluents from sewage and 

industries. They must be treated before being released into the 

waterbodies as they have toxic pollutants. There is need of 

sustainable practice to make fruitful use of the available 

resources we got while trying to minimize the ill effects 

simultaneously. Fishes are not only a source of food but an 

important component of aquatic ecosystem. Decline in their 

diversity might disturb the aquatic ecological balance. 

Henceforth, there is needed to keep a check on heavy metal 

contamination of waterbodies for healthy ecosystem, healthy 

human and healthy food stuffs. 
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