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I. Introduction 

“Heavy” is the term that actually refers to high atomic weight of an element. Most of the heavy metals are toxic for 

the living organism (e.g. Cd, Hg, Pb etc.), but not all the heavy metals behave like a biological bully (e.g. 

molybdenum is a heavy but essential metal) [1]. Heavy metals also includes metalloids (e.g. As) that induce toxicity 

even at the low exposure [2]. The excessive quantities of heavy metals are detrimental because it destabilize the 

ecosystems due to their bioaccumulation in organisms, and elicit toxic effects on biota and even death in most living 

organisms [3]. Fishes, crabs and shrimps are very important link in transferring heavy metal pollution to humans 

[4]. In order to gather the information, the heavy metals in the food chain are estimated to know the transmission 

of heavy metals to human body through sea-food [5]. The pollutants, especially heavy metals bioaccumulate in 

food chain and cause the antagonistic effects, even death so, fish among other animals are used to determine the 

health condition of aquatic ecosystem [6,7] . Accumulation patterns are more in fish species than others because of 

the ability of fish to bioaccumulate metals [8]. Heavy metals in fish come mainly from their diet, and levels of 

bioaccumulation of contaminants are higher in fishes which become higher in food chain [9].  So, detrimental 

effects of these pollutants can never be negligible for fishes [10, 11, 12]. 

Fish and seafood are recommended diet constituents for providing high quality protein, vitamins, minerals and 

omega-3 fatty acids, mainly eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) [13,14]. The numerous 

health benefits of fish consumption may be compromised by the presence of toxic metals and metalloids [15]. 

Heavy metals can be easily biomagnified in food chains and bioaccumulated in individuals, thus pose significant 

threat to human health [16]. The bioaccumulation of toxic metals in the body and food chain generally exhibit 

chronic toxicity.  The heavy metals are of importance for fishes, because these are not going to be eliminated from 

aquatic systems. Occurrence of heavy metals differs in fishes, depending upon their age, development and other 

physiological factors. Heavy metals can have toxic effects on different organs [17]. Accumulation of heavy metals 

in the various organs of fish that comes in contact (especially direct contact) with the water, contaminated with the 

heavy metals. Heavy metals generally enter in fish bodies by three possible ways: by gills, by body surface and 

digestive track. Heavy metals accumulate in fresh water and elevate through food chain (i.e. biomagnification) and 

thus fishes gets badly affected being the top consumer in aquatic system. Humans gets affected by intake of these 

fishes (that is mainly applicable for people whose main food is fish) [18]. The other possible areas of accumulations 

include kidney, muscles, skeleton [19], and gonads [20]. In general, the highest metal concentration was measured 

in the digestive tract that has the role of biofilter for these contaminants. Toxic metal accumulation mainly depends 

on fish feeding behaviour, abiotic conditions, metal chemistry, and animal physiology [19]. 

Marine bivalve are better accumulators of heavy metals than water, sediment and rock samples. There are several 

factors that affect the accumulation in heavy metals in mussels. These are- genus, location, size and tissues [21]. 

The higher concentration of metals depends on seasons. The higher accumulations in the monsoon season could be 
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due to the heavy inflow of freshwater, which brought lot of effluents from irrigation channels and municipal 

drainage [22]. 

Table I: Permissible limits of heavy metals for human consumption by several agencies 
Name of the compound  Amount  

Cd 2.5 µg/kg body weight (weekly intake) [23] 

 
Hg 

 

0.5 μg/gm of fish 
[International Marketing Limit (IML)] [24] 

0.2 μg/gm of fish 

[World Health Organization (WHO)] [24] 

Pb 0.50 mg/kg bw/day 
[FAO/WHO] [25] 

 

II. Let See What These Heavy Metals Can Do To Us! 

A. Cadmium (Cd) 

Cadmium (Cd) is a well-known heavy metal that causes environmental pollution and human health problems [26]. 

Cd is particularly hazardous for human health, as it accumulates in human body with a biological half-life exceeding 

10 years [27,28]. 

 

I. Oxidative Stress 

Cd exposure enhances the loss of mitochondrial membrane potential through oxidative stress & modulates the 

expression level of oxidative stress-related genes.  Prolonged exposure of Cd can stimulate the progression of 

malignancy [29]. 

 

II. Prenatal exposure 

It was found that maternal Cd exposure during earlier periods of pregnancy may have a larger impact on delayed 

foetal growth. It was observed that there is a significant inverse association between higher maternal Cd levels 

measured during the 1st trimester and birth size in girls. There was a decrease in birth weight by 116.99g for each 

log unit increase in Cd (µg/g creatinine) level from the 1st trimester [30]. Ponderal index is the index that helps in 

the assessment of foetal growth.  It can be expressed as the birth weight (gm)/birth length (cm)3 ×100 [31]. The 

Cd levels from the 1st and 2nd trimesters were also borderline significantly associated with ponderal index in 

girls. While no significant associations were observed between Cd levels from any trimester and birth size in boys 

[30]. Pregnant women with moderate prenatal Cd exposure showed evidence of adverse associations with birth 

anthropometry variables (neonatal anthropometry- birth weight, birth length, head circumference, and ponderal 

index) [32] and it is too emphasizes on associations with anthropometric variables in girls & are not evident in 

boys [33]. It is also found that the placenta offers no protective mechanism to the foetus in the case of heavy metal 

exposure [34]. 

 

III. Prevalence of Dyslipidaemia 

Studies revealed that elevated blood cadmium concentration is associated with prevalence of dyslipidaemia. 

Cadmium exposure could alter lipid metabolism in humans [28]. 

 

IV. Pigmentation 

Tyrosinase (EC 1.14.18.1) is a multifunctional copper-containing enzyme which is expressed in animals and plays 

a critical role in melanin production. Cd2+ has an inactivation effect by occupying binding sites of this enzyme 

which could affect the normal pigmentation pathway in animals [35]. 

 

V. Effects on Prostate 

A study identified Cd as a potential human prostate carcinogen and participates in development of the Cd-induced 

malignant phenotype, in the prostate and the responsible key gene is KRAS [36]. 

 

VI. Risk of Breast Cancer 

It was suggested that Cd exposure may lead to an increased risk of breast cancer, and urinary Cd levels can serve 

as a biomarker for long-term Cd exposure and it may act as a predictor in the assessment of risk for breast cancer 

[37]. 

 

VII. Effects on Bone & Kidney 

The main site of Cd accumulation is the proximal renal tubule of kidney in human. So, it can cause bone 

demineralization, either through direct bone damage or indirectly as a result of renal dysfunction [38]. After 

prolonged and/or high exposure, the tubular injury may progress to glomerular damage with decreased glomerular 
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filtration rate (GFR), and eventually to renal failure [39]. Severe damage also results in glycosuria and proteinuria 

are known outcomes after high dietary Cd intake (i.e. > 200 µg/day) [40]. 

B. Mercury (Hg)  

Hg is a global contaminant posing severe risks to human health worldwide [41]. However, seafoods can be the 

major source of methylmercury (MeHg) intake in humans. In general, more than 90% of the Hg in fish is found 

as MeHg, but contents of MeHg can vary considerably between species [14]. Hg can be present in fresh, frozen, 

and canned market fish. MeHg, a well-established neurotoxicant which even at low levels of exposure, 

bioaccumulates in different degrees in various species of fish and can have serious adverse effects on the 

development and other functioning (e.g. cardiovascular toxicity [42]) of the human [43]. 

In the aquatic cycle of Hg, once it has been deposited, it is transformed into MeHg due to the action of certain 

sulphate-reducing bacterias, which bioaccumulates in the aquatic organisms and moves into the food chain. MeHg 

binds to protein in fish and therefore it cannot be eliminated by cleaning or cooking the fish [44]. 

 

I. Diabetes & metabolic syndrome 

A study pertained the relationship of total Hg exposure (elemental, inorganic or organic) to DM (Diabetes 

Mellitus), MS (Metabolic Syndrome) or insulin resistance. It was concluded that increased total Hg exposure may 

augment the risk of DM and MS, but there is lack of consistency in the epidemiological evidence that prevents 

inference of a causal relationship among them [45]. 

 

II. Hair mercury levels 

A descriptive study was developed to determine Hg levels in hair samples. Although Hg level in fishes were found 

less than the national and international permitted levels, but hair Hg levels increased significantly with the 

frequency and the amount of fish consumption [46]. Hair Hg concentrations were found to be 7-fold higher in 

women who consumed 20 or more servings of fish than in those who reported no fish consumption in the past 3 

months [47]. 

 

III. Carcinogenic effects 

Hg found to be potentially carcinogenic and acutely toxic in most of the consumed species of white fish, blue fish, 

cephalopods and seafood species in Spanish fishmongers [48]. 

 

IV. Metarnal health 

In a study it was suggested that T-Hg (Total Hg) in the maternal hair was significantly associated with MeHg in 

cord blood [49]. A significant relationship was found between the amount of fish consumed during pregnancy and 

rising mercury levels in cord blood among pregnant women [50]. A study demonstrated the mean Hg concentration 

in cord blood was markedly higher than in maternal blood at delivery. There was significant correlation between 

Hg levels in cord and maternal blood Hg level. It was also concluded that fish consumed during the last pregnancy 

trimester was strongly correlated with umbilical cord concentrations than with Hg in maternal blood [51]. So, it 

was suggested to limit the seafood intake during pregnancy [52]. Hg levels in hair and milk were positively 

associated with the consumption of fish [53]. So, it was advised to reduce breastfeeding to protect children health 

[41]. It was also seen that pregnant women who regularly ate shark recorded the highest placenta mercury 

concentrations [54]. 

 Effects on maternal erythrocyte: - In a study the level of Hg in erythrocytes and plasma in 7 seven healthy 

young Japanese men were investigated. It was found that weekly plasma Hg levels were correlated with 

average fish-eating frequency [55]. A study determined that in cord blood the mercury was accumulated, 

(i.e., in cord erythrocytes, in cord plasma, or in both), and in the form of MeHg. Fetal erythrocytes 

showed a total of 30% more methyl mercury than in maternal erythrocytes [56]. Increased prenatal Hg 

exposure was associated with decreased behavioral ability for males but not for females, suggesting 

neuro-developmental risk for males due to prenatal MeHg exposure [57]. 

 

V. Effects on children 

A risk of neurodevelopmental effects in fetus, for women with high fish consumption was identified [49]. Mental 

Developmental Index (MDI) and Psychomotor Developmental Index (PDI) are both considered as very important 

developmental scales for infants. A study identified an inverse association between Hg exposure and both MDI 

and PDI scores in first year of life, but 2 and 3 years of children did not confirm any significant association 

between exposure and cognitive or psychomotor function [51]. The children between 7-9 years the Verbal IQ, 

performance IQ and full scale IQ were measured. Fresh fish intake of mothers in pregnancy was slightly positively 

associated with full scale and performance IQ [58]. It was found that concentration of T-Hg in 6 major brain 

regions of infants were highly correlated with maternal hair levels [59]. 

Those mothers having highest placenta mercury concentrations had slightly smaller mean head circumference and 

lower birth weight for their neonates [54]. 



Sulagna et al.,  American International Journal of Research in Formal, Applied & Natural Sciences,  24(1),  September-November, 2018, 

pp. 01-07 

AIJRFANS 18-401; © 2018, AIJRFANS All Rights Reserved                                                                                                               Page 4 

 

C. Lead (Pb) 

Pb, a ubiquitous heavy metal, can be found in the environment & food [60]. Pb can enter water systems through 

runoff and from sewage and industrial waste streams. Raised levels of Pb in the water can cause generative 

damages in some aquatic life and cause blood and nervous changes in fishes and other animals that live there [18]. 

A study was conducted to determine the amount of Pb in shark species (Sphyrna lewini and Caraharinus porosus) 

and found to be higher than the PTWI (Provisional Tolerable Weekly Intake) values [61]. It was also noticed that 

Pb accumulates higher in the liver, followed by skin, gills, and the muscle in fresh water fishes [62]. 

 

I. Maternal health 

Pb in cord blood was low, particularly if the mothers frequently had fish for dinner and had abstained from 

smoking [63]. 

 

II. Effects on the Brain and Nerves 

Extreme exposure to Pb causes mental retardation, behavioural disorders, memory problems, and mood changes. 

Low level of Pb damages the brain and nerves in foetuses and young children, resulting in learning deficits and 

lowered IQ. 

 
III. Effects on Key Organs 

Pb can cause damages to the kidneys, liver, brain and nerves, and other organs by several mechanisms. 

Exposure to Pb may also lead to osteoporosis (brittle bone disease) and reproductive disorders. 

 

IV. Effects on the Heart and Blood 

Pb exposure causes high blood pressure and increases the risk of heart disease, especially in men. Pb exposure 

may also lead to anemia [18]. 

Effects of Pb on an organism's physiological functions are not though fully understood, but it is known that chronic 

exposure inflicts amongst other factors e.g. pernicious anemia and developmental issues in the brain, especially 

in children who are more vulnerable to its toxic effects [64]. 

 

III. Can’t We Consume Fish Then? 

Well, the answer is yes, we can! Despite of all those hazards, FDA/EPA (U.S.) have issued some advices regarding 

fish consumption. 

At least some traces of MeHg is present nearly in all fishes. Generally fish absorb most of this chemical compound 

(MeHg) from foods they eat. It tends to build up more in some types of fishes, especially in those that live longer 

and relatively larger in size. 

There are several parts of fish’s body where the most of the harmful chemicals can be found. Fishes that are 

collected from local waters can sometime contain several other contaminants (e.g. residues of pesticides, industrial 

chemical wastes etc.). 

So when you are dealing with a larger fishes, the following points that should be remembered- 

I. At first, remove the skin. 

II. Cut away the area that consists of fatty part along the back and also on the side of the fish. 

III. At last, trim away the belly fat. 

IV. It would be great idea to avoid eating internal organs (e.g. stomach, intestines, kidneys, liver, bladder etc.) 

of almost all fishes [65]. 

According to an experimental study on scallop, it was observed that, kidney and digestive glands are the primary 

organs for the accumulation of Cd. Thus, removal of these organs while processing/before cooking can be a reliable 

method to reduce the content of this heavy metal [66]. 

Fish are a high quality protein source & other vital nutrients. This advice is specifically suited for young children 

and women who are pregnant or might become pregnant or are breastfeeding, but one point should be kept in mind 

i.e. the portion sizes should be smaller than adult portions and that should be based upon the child’s age and total 

caloric needs. It was advised to eat 2-3 servings of variety of cooked fish per week and for children (up to 11 years 

of age) it is about 1-2 servings per week [65]. 

 

Table 2: Recommendation according to the Age [65] 
Age of your child (in years) Serving size * 

2-3 1 ounce 

4-7 2 ounces 

8-10 3 ounces 

11 years & more 4 ounces 

*1 ounce = 28 gm (Approx.) 

FDA/EPA (U.S.) has also suggested a guideline that helps you to choose fishes from a huge variety [64]. It is mainly 

based on the level of Hg (for being the most relevant heavy metals in fishes) found in these fishes. 
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Table 3: This Guide will Make Your Choices Better 
Best Choices 

(Advisable up to 2-3 servings/week) 

Good Choices 

(Advisable up to 1 serving/week) 

Avoidable Choices 

 Anchovy 

 Atlantic croaker 

 Atlantic mackerel 
 Black sea bass 

 Butterfish 

 Catfish 
 Clam 

 Cod 

 Crab 
 Crawfish 

 Flounder 

 Haddock 
 Hake 

 Herring 

 Lobster (American and spiny) 
 Mullet 

 Oyster 

 Pacific chub mackerel 
 Perch, freshwater and ocean 

 Pickerel 

 Plaice 
 Pollock 

 Salmon 

 Sardine 
 Scallop 

 Shad 

 Shrimp 
 Skate 

 Smelt 

 Sole 
 Squid 

 Tilapia 

 Trout (freshwater) 
 Tuna (canned light including 

skipjack) 

 Whitefish 

 Whiting 

 Bluefish 

 Buffalofish 

 Carp 
 Chilean sea bass/  Patagonian 

toothfish 

 Grouper 
 Halibut 

 Mahi mahi/Dolphin fish 

 Monkfish 
 Rockfish 

 Sablefish 

 Sheepshead 
 Snapper 

 Spanish mackerel 

 Striped bass (Ocean) 
 Tuna (Albacore/white tuna, 

canned/fresh/frozen) 

 Tuna (yellowfin) 
 Weakfish/Seatrout 

 White croaker/ Pacific croaker 

 King mackerel 

 Marlin 

 Orange roughy 

 Shark 

 Swordfish 

 Tuna (bigeye) 

 

IV. Conclusion 

The universal problem that is gaining more power now a days is the environmental pollution and among them, the 

most important pollutants are the heavy metals at least in the case of aquatic network because of their toxicity, 

accumulation and bio-magnification by marine creatures. As our world is suffering from incurable disease: 

‘environmental pollution’, the living population including human cannot escape from it.  Domestic, industrial and 

anthropogenic activities may broadly become the source of natural aquatic system’s contamination. Every pollution 

in the aquatic environment which have impacts on physiology, development, growth or survival of fish, ultimately 

affects the fish eating human, at the top of the food chain. The accumulation of heavy metals in the tissues of 

organisms can result in chronic illness and cause potential damage to the population. 

When the three heavy metals – Hg, Cd and Pb (upon which our study is based), make their entry into the human 

from fish, shell fish or other consumable aquatic animals, can cause several health hazards especially for pregnant 

women, foetuses & children. To some extent cooking can reduce the amount of some metals. However we can 

reduce the entry of these harmful metals in our body by making healthy choices. Moreover, the heavy metal can 

also affects the human diet by consuming the canned fish as the main component of cans are lead & tin. But now 

several progresses & development has been made in the new packaging technology, especially the use of cans with 

lacquered walls and mechanical seam reduces or, in most cases, eliminate the leakage of heavy metals into the food. 
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