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ABSTRACT 

Heavy metal toxicity has emerged as a serious threat for environment and has created several health risks for humans. The booming 

industrialization have led us to be very prone to contamination as the industries directly or indirectly acts as a major source of heavy 

metal pollution. Apart from anthropogenic activities, natural phenomenon like volcanic eruption, metal corrosion and evaporation also 

contribute to the production of heavy metal toxicants in the environment. Exposure of heavy metals to human beings takes place through 

various means like intake of food and water, inhalation from air or by dermal contact. Their bioaccumulation in the human body leads to 

the production of reactive oxygen species, interferes with metabolic processes, damages DNA and causes apoptosis. Sometimes heavy 

metals even act as a pseudo element of the body. All of these result in the deterioration of health conditions and even increases the risk of 

cancer. In a nutshell, this review highlights the source of contamination, disquieting factor of disease and the mechanism of action of 

heavy metals like Cadmium, Chromium, Lead, Arsenic and Nickel in human body.  
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1. INTRODUCTION 

 Environmental contaminants are chemical compounds that 

are present at higher levels in any section of the environment 

(Yahaya et al, 2021). Heavy metals are well-known cancer-

causing environmental contaminants (Sall et al., 2020). They are 

termed as heavy metals either due to their high atomic weight or 

because of their high density (≥5 g/cm3) (Briffa et al., 2020). 

However, some lighter metals and metalloids (elements having 

property of both metals and non-metals) such as arsenic, selenium 

and aluminium are also having the same detrimental effects and 

have been termed as heavy metals. 

Heavy metals are found naturally on the Earth's crust (Algül and 

Beyhan, 2020). Heavy metal pollution has arisen mainly due to 

several anthropogenic activities such as mining of metals, 

industries that are metal-based and leaching of metals from 

different sources and sewage disposal (Tchounwou et al., 2012; 

Agoro et al., 2020; Yahaya et al., 2021). The secondary cause of 

heavy metal pollution is its application in agricultural field in the 

form of chemical fertilizers, pesticides and insecticides 

(Alengebawy et al., 2021). Apart from human activities, various 

natural causes such as volcanic activity, metal evaporation and 

metal corrosion from soil and water may also increase heavy metal 

pollution (Aprile and Bellis, 2020).  

These metals further make their way into the soil, river and the sea 

from which we obtain most of our foods. Dissolved forms of toxic 

heavy metals accumulate in very high concentrations in humans 

via food chain (Briffa et al., 2020; Rizwi et al., 2020; Sall et al., 

2020). These toxic elements can alter the central nervous system 

functioning which may lead to severe health issues related to 

brain, kidney, liver and other vital organs (Sall et al., 2020; Skalny 

et al., 2020). Long term accumulation of heavy metals can damage 

genetic materials which causes mutation and eventually lead to 

cancer (Tchounwou et al., 2012; Nyambura et al., 2020; Turan et 

al., 2020). Most of the heavy metals have DNA-binding domains 

through which they introduce damage in DNA ((Tchounwou et al., 

2012; Turan et al., 2020)). Also, heavy metals induce the DNA 

damage by activating reactive oxygen species (ROS) (Pinto et al., 

2002; Nedjimi, 2021; Tripathi and Poluri, 2021).  

In view of the above, this review has made an attempt to explain 

the origin, toxicity, carcinogenicity and other effects on health of 

common heavy metals with respect to humans.  
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2. CADMIUM (Cd) 

 Cd is a rare, toxic and non-essential transition metal which 

poses a health risk for both plants and animals, especially humans. 

Industrial and agricultural wastes and burning of fossil fuels are 

the main sources of Cadmium in the environment (McConnell and 

Edwards, 2008; Perera, 2017). Usages of chemical fertilizers 

containing Cd also increases the Cd concentration in soil. It is a 

crucial component of batteries, electroplating devices, paints and 

acrylic colours (Morrow, 1999; Kawasaki et al., 2004).  Fertilizers 

containing Cd are the main reason for enhanced Cd concentration 

in agricultural fields. Though, Agri fields near the industrial areas 

also become contaminated by Cd (Wilson et al., 2005). Intake of 

products of crop plants grown in Cd contaminated soil is the main 

factor for human Cd exposure. Once it reaches in the human body, 

it accumulates throughout the life (Jaishankar et al., 2014). On the 

other hand, plants grown in non-industrial zones are less 

susceptible to Cd contamination. However, animals in these areas 

may contain high levels of Cd. This is due to biomagnification 

through the food chain via Cd dissolved in groundwater and rivers 

exposed to Cd-contaminated soil (Mann et al., 2011). Moreover, 

Cd that circulates from rivers to the Ocean, accumulates in marine 

organisms (Trasande et al., 2005; Shen et al., 2019). Being apex 

predators, humans are thus exposed to a high risk of Cd poisoning. 

According to Agency for Toxic Substances and Disease Registry 

(ATSDR), another very crucial source of Cd exposure in humans 

is the use of tobacco products (ATSDR, 2012). A cigarette 

possesses 1–2 µg of Cd. An individual taking 20 cigarettes in a 

day will absorb about 1 µg of Cd. However, this may vary among 

cigarettes from different brands. A significant increase of Cd was 

observed in urine and serum samples of smokers than non-

smokers by Ritcher and co-workers (2017). 

Oxidative stress is a well-documented reason for Cd related 

toxicity (Fang et al., 2021). Cd exhibits undesirable effect on cell 

proliferation, differentiation, and apoptosis (Rani et al., 2014). Cd 

interferes with DNA repair mechanism and is responsible for the 

generation of reactive oxygen species (ROS) and the induction of 

apoptosis (Rani et al., 2014). Genchi and co-workers have 

observed the enhanced production of reactive oxygen species 

(ROS) such as hydrogen peroxide, superoxide ion and hydroxyl 

radicals in the presence of Cd (Genchi et al., 2020a). Cd also binds 

with mitochondria which results in reduced cellular respiration as 

well as oxidative phosphorylation (Valerio et al., 2020). These 

activities lead to chromosomal aberrations, breakage in DNA 

duplex and generation of DNA-protein crosslinks in cell lines 

(Rafati et al., 2017). Accumulation of cellular Cd also inhibits the 

activity of various antioxidant enzymes like manganese-

superoxide dismutase, catalase and copper/zinc-dismutase. (Lobo 

etal.,2010).  

3. CHROMIUM (Cr)

 

 With regards to health, chromium (Cr) is an ambiguous 

chemical element as it is an important micronutrient and is 

essential for various cellular processes but is toxic as well 

causing several health issues, including carcinogenicity. 

However, its toxicity depends on its chemical state. Elemental 

chromium does not occur naturally on earth (Donald and 

Donald, 1999).  It occurs mainly in the trivalent (III) state, the 

most stable form, or in the hexavalent state (VI). Hexavalent 

state (VI) of Cr in the forms of chromate, dichromate and 

chromium trioxide is considered the most toxic forms as it is a 

strong oxidizing agent, has high solubility potential and has 

ability to cross the membranes in living organisms (Oliveira, 

2012). High levels of hexavalent Cr in the bloodstream degrade 

blood cell by the means of oxidation (Devoy et al., 2016). It 

also promotes degradation of the liver and kidney tissues 

(Mohamed et al., 2019). Also, pentavalent form of Cr which 

generates after the reduction of hexavalent Cr compounds has 

ability to bind DNA and interrupt cellular mechanisms (Kim et 

al., 2015). On the other hand, Trivalent Cr is water insoluble 

and less toxic as it is poorly absorbed by gastrointestinal tract 

(Feng et al., 2020). However, trivalent Cr can enter into the 

cells in ionized form and can lead to cellular damage (Eastmond 

et al., 2008). Cr may enter into the soil and water bodies by 

weathering of Cr-containing rocks, leaching of soils and direct 

discharge from industrial operations. Workers in the chromate-

producing industry are more susceptible to lung cancer (Garg et 

al., 2006; Proctor et al., 2016).  

Kim and co-workers had investigated the molecular mechanism 

of Cr related threats and found that Cr and Cr compounds were 

involved in induction of apoptosis, oxidative stress in the cell 

and its component and also the damage of DNA (Kim et al., 

2015). It has been reported that nuclear factor such as 

(erythroid-derived 2)-like 2 (NFE2L2, Nrf2), TP53 and BAX 

are highly affected by Cr and its compounds which ultimately 

disrupts genetic mechanisms leading to cancer progression 

((Kim et al., 2015). Accumulation of Cr and Cr compounds in 

body leads to several health threats such as lung cancer (Baszuk 

et al., 2021), skin allergy with dermatitis (Bregnbak et al., 

2015), and other chronic diseases (Qi et al., 2020).  
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4. LEAD (Pb) 

Pb is a highly toxic metal and its widespread use has created an 

immense health related issues across the globe. Wastes from 

battery industries, agricultural fertilizers and pesticides, 

exhausts from automobiles and chimneys of factories, plumbing 

pipes, pewter pitchers, storage batteries, toys and faucets are 

some common sources for Pb contamination in the environment 

(Thürmer et al., 2002; Sharma and Dubey, 2005). Human 

exposure of Pb is mainly due to food and drinking water (Wani 

et al., 2015). It is considered as an extremely toxic heavy metal 

which does not take part in any biological function while 

disturbs different plant physiological and metabolic processes. 

Presence of lead inside the cell in high concentration 

accelerates the production of reactive oxygen species (ROS). 

This results into degradation of lipid membrane which 

ultimately leads to damage of chlorophyll which suppresses the 

photosynthesis and overall growth of the plant (Najeeb et al., 

2017). Lamhamdi and his co-workers have observed a reduced 

ion uptake efficiency by plants having even low concentration 

of Pb which results into reduced plan growth. (Lamhamdi et al., 

2013). 

Like most of the heavy metals, Pb also hinders cellular 

activities by oxidative stress. Presence of Pb fastens the 

production of ROS while decreases the formation of 

antioxidants.  This creates an imbalance between the free 

radicals and the antioxidants which reduces the cellular repair 

mechanism (Jaishankar et al., 2014). A very important 

antioxidant in the cell is glutathione which protects cell by 

quenching the free radicals (Mates, 2000). However, it is 

reported that presence of lead decreases the glutathione 

production (Garg and Aggarwal, 2011; Khan et al., 2016). ROS 

produced by Pb also cause damage to biomolecules such as 

proteins, nucleic acid and lipids creating stressed situation for 

the cell which ultimately leads to cancer (Alatise and Schrauzer 

2010; Mathew et al., 2011). 

Pb metal ions have the ability to mimic monovalent cations 

such as Na+ as well as bivalent cations such as Ca2+, Mg2+, 

Fe2+ (Bridges and Zalups, 2005). This results into the 

disturbance in the various cellular pathways such as cell 

signalling, protein folding, apoptosis, ionic transportation and 

enzyme regulation.  

5. Arsenic (As) 

This metalloid exists as both inorganic and organic compound 

forms. Inorganic form of As is more harmful as compared to the 

organic one. It solubilizes in water to convert into weak acid 

forms to produce arsenate (Grund et al., 2005; Cubadda et al., 

2017).  Arsenates in the soil can dissolve easily in groundwater 

from which it flows to other aquatic systems such as rivers and 

the sea. From water bodies, it reaches into the body of aquatic 

organisms, where it is converted to its organic compound form. 

Furthermore, As is also absorbed by crop plants from As-

contaminated groundwater and therefore, accumulates in the 

body of individuals who intakes this and increases the risk of 

poisoning (Raj and Singh, 2015).  

As can cause DNA damage through oxidative stress via 

producing and activating reactive oxygen species (ROS) which 

results into tumour induction (Nedjimi 2021; Tripathi and 

Poluri, 2021). As has ability to hold the DNA-binding proteins 

and increases the risk of cancer by disrupting DNA repair 

mechanism. Intensification of free radicals from ROS also leads 

to cell death via abnormal gene expression (Das et al., 2019; 

Dingsha et al., 2020). It causes numerous severe diseases 

through disrupting various cellular signalling pathways 

including diabetes (Kuo et al., 2015), Neurotoxicity (Medda et 

al., 2020), Nephrotoxicity (Simaa et al., 2021) and 

Hepatotoxicity (Xu et al., 2019).   

6. Nickel (Ni) 

In nature, Nickel (Ni) exists in various forms. It exists as 

nickelous ion, Ni(II) in low pH areas while in neutral or slightly 

alkaline environment, it precipitates as nickelous hydroxide, 

Ni(OH)2 which is highly stable in nature.  In highly alkaline 

environment, Ni exists in even more stable form nickelo-

nickelic oxide, Ni3O4, which is soluble in acid solutions 

(Wuana and Okieimen, 2011). Ni present in Earth crust (24th 

most abundant element) is usually associated with oxygen and 

sulphur as oxides and sulphides. Some common daily use 

household products such as inexpensive jewellery, cosmetics, 

rechargeable batteries, cell phones, glass frames, belt buckles, 

buttons, stainless steel products and electrical equipment are 

rich source of Ni (Genchi et al., 2020b). Exposure of these 

products into the soil and water is the main source of Ni 

contamination. Another main reason for Ni contamination in 

environment is waste water and dust particles released from 

mining and smelting processes. From these sources, people are 

often exposed to Ni either by oral consumption or inhalation or 

through direct skin contact. 

Ni is considered as an essential element but in small dose. It 

plays crucial role in plant growth and development; it is a part 

of active site of enzyme urease and is an essential component of 

various physiological processes such as seed germination, 

photosynthesis and nitrogen metabolism (Fabiano et al., 2015; 

Shahzad et al., 2018). However, it becomes dangerous when the 

maximum tolerable amount is exceeded. This produces various 

disorders in the body. Exposure to Ni compounds causes 

dermatitis and allergy, skin and oral epithelium damage 

(Ahlström et al., 2019; Zigante et al., 2020). Intake of water-

insoluble Nickel compounds such as Ni3S2 and NiO, is 

carcinogenic. Human exposure to Ni-contaminated dust from 

Ni mining and smelting and tobacco smoking significantly 

damages the lungs and nasal cavities resulting into lung and 

nasal cancer (Tom et al., 2002; Turner et al., 2020). Ni exposure 

introduces an oxidative stress through reduced expression of 
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antioxidant enzymes, induces apoptosis, DNA methylation and 

DNA damage (Fu et al., 2019). 

 

 

 

 

 

7. CONCLUSIONS 

 Taking into account the increasing rate of various health 

issues and carcinogenesis, it has become necessary to understand 

the root cause and their mechanism. Heavy metals contamination 

has emerged as a serious threat for human’s health in the form of 

toxicant and carcinogen. Increased industrialization and excessive 

application of chemicals in agricultural fields has amplified the 

risk of heavy metal exposure via generating products containing 

heavy metal compounds. Accumulation of these heavy metals in 

the human body through food, water or air disrupts the 

intracellular pathways creating respiratory, allergic or cardio 

related health issues. Common heavy metals such as Cd, Cr, Pb, 

As and Ni also introduce DNA damage via oxidative stress which 

ultimately leads to cancer. This study suggests the immediate 

application of eco-friendly alternatives of various house hold 

products as well as chemical fertilizers for prevention of heavy 

metal-induced cancer and cancer-related diseases. Additionally, it 

is recommended that an effective educational program is required 

to make people aware about risks related to exposure of heavy 

metals.
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