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Abstract 

Heavy metals are naturally occurring elements that have high atomic weight and density 

atleast five times greater than that of water. Their multiple industrial, domestic, agricultural, 

medical and technological applications have led to their wide distribution in the environment. 

Because of high degree of toxicity Arsenic, Cadmium, Chromium, Lead and Mercury rank 

among the priority metals that are of public health significance. Toxic metals and chemicals 

are known to induce multiple organ damage. This review article provides effect of toxic metal 

and chemical in environment and human life. 

Keywords - Toxic metals, environment, biochemical effect, 

Introduction 

Heavy metals are defined as metallic elements that have a relatively high density compared 

to water. Although heavy metals are naturally occurring elements that are found throughout 

the earth crust. 

Over the past century humans have introduced a large number of chemical substances 

into the environment. Some are the waste from industrial and agricultural processes. Some 

have been designed to perform various functions such as healing the sick or killing pests and 

weeds. Obviously some chemicals are useful but many are toxic and their harm to the 

environment and our health far outweighs their benefit to society. 

Over the past 40 years there has been a dramatic increase in the manufacture and use 

of chlorinated organic chemicals in plastics, insecticides and herbicides. Dioxins have been 

found in high concentrations near to the sites where these chemicals have been produced and 

where insecticides and herbicides have been heavily used, such as on farms, orchards, or 

along electric and railway lines. 

Many of these compounds remain in the environment for a long time as they are 

persistent and non-biodegradable. They accumulate in the food chain and significant levels 

of them have been found in marine species, particularly in mammals and sea birds, decades 

after their production was discontinued. Many are carcinogenic and capable of damaging the 

liver, nervous system and the reproductive system in adults. : 
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Heavy metals are dangerous to health or to the environment (e.g., mercury, cadmium, 

lead, chromium): some may cause corrosion (e.g.. zinc, lead). The thirteen elements of 

highest concern are arsenic, cadmium, cobalt, chromium, copper, mercury, manganese, 

nickel, lead, tin, and thallium. Some of these elements are actually necessary for human in 

minute amounts (cobalt, copper, chromium, manganese, nickel) while others are carcinogenic 

or toxic, affecting the central nervous system (manganese, mercury, lead, arsenic), the 

kidneys or liver ( Mercury, lead, cadmium, copper) or skin, bones and teeth (nickel, cadmium, 

copper, chromium). 

Metal Sources and their toxicity. 

Metal Sources Description 

Aluminum 

 

Antacids, antiperspirants, baking 

powders, beverage/food cans, 

buffered aspirin, canned foods, city 

water supplies, cookware and 

utensils, cosmetics, foil, lipstick, 

ore smelting plants, processed 

cheeses, etc. 

 

Aluminum toxicity seems to 

affect the bones (causing 

brittleness or osteoporosis), 

kidneys, stomach, and brain. 

Research suggests that it may 

also contribute to Alzheimer's 

disease. 

Arsenic Chemical processing plants, 

cigarette smoke, drinking water, 

fungicides, meats and seafood, 

metal foundries, ore smelting 

plants, pesticides, polluted air, 

specialty glass products, weed 

killers, wood preservatives, etc. 

Arsenic toxicity seems to 

predominantly affect the skin, 

lungs and gastrointestinal 

system, and may cause nervous 

disorders, deteriorated motor 

coordination, respiratory 

diseases, and kidney damage as 

well as cancers of the skin, liver, 

bladder and lungs. 

Cadmium 

 

Air pollution, batteries, ceramic 

glazes/enamels, cigarette smoke 

(both first and second hand), tap 

and well water, food (if grown in 

cadmium-contaminated soil), 

fungicides, mines, paints, power 

and smelting plants, seafood, etc. 

Cigarette smoke is the biggest 

source of cadmium toxicity, 

which seems to primarily affect 

the lungs, kidneys, bones, and 

immune system. It may lead to 

lung cancer, prostate cancer and 

heart disease, and also causes 

yellow teeth) and anemia. 

Lead Air pollution, ammunition, auto 

exhaust, batteries, containers for 

corrosives, contaminated soil, 

cosmetics, fertilizers, foods (if 

grown in lead contaminated soil), 

hair dyes, insecticides, lead-based 

paints, lead-glazed pottery, 

Lead toxicity primarily targets 

the nervous system, kidneys, 

bones, heart and blood, and 

poses greatest risk to infants, 

young children and pregnant 

women. It can affect fetal 

development, delay growth, and 
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pesticides, solder, tobacco smoke, 

water (if transported via lead 

pipes), etc. 

 

may also cause attention deficit 

disorder, learning disabilities, 

behavioral defects, and other 

developmental problems. 

 

Mercury Air pollution, barometers, batteries, 

cosmetics, dental amalgam fillings, 

freshwater fish (such as bass and 

trout). fungicides, insecticides, 

laxatives, paints, pesticides, 

saltwater fish (such as tuna and 

swordfish), shellfish, tap and well 

water, thermometers, thermostats, 

vaccines, etc. 

 

Mercury is found throughout 

our environments in many 

forms and also in many 

household items. Mercury often 

permeates the ground we walk 

on, and is also found in some 

childhood vaccines today 

because of its use as a 

preservative. Mercury as used in 

dental fillings is the primary 

source of toxic exposure, and in 

vapor form accounts for the 

majority of all exposures (via 

inhalation). Mercury toxicity 

can affect the central nervous 

system, kidneys and liver.  

 

Thallium 

 

Infrared and electric eye optical 

devices, foods (if grown in 

thallium- contaminated soil), light- 

sensitive crystals, photocells, 

rodent and ant poisons (now 

discontinued), contaminated 

cocaine (or what is thought be 

cocaine), semiconductors, etc. 

 

Thallium is a toxic heavy metal 

with no known biological 

function. Human contamination 

can occur from oral ingestion as 

well as through the skins and 

lungs, especially if exposed to 

thallium-contaminated dust 

from lead and zinc smelting 

plants, pyrite burners, and 

similar processing sites. 

Thallium toxicity mainly affects 

the nervous system, and can 

lead to maladies such as hair 

loss, nerve degeneration, 

numbness, and cataracts. 
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Biochemical effects of Arsenic. 

Arsenic is one of the most toxic elements that can be found and is found in pesticides. 

Humans may be exposed to arsenic through food, water and air. Exposure may also occur 

through skin contact with soil or water that contains arsenic. Levels of arsenic in fish and 

seafood may be high, because absorb arsenic from the water they live in. Luckily this is 

mainly the fairly harmless organic form of arsenic, but fish that contain significant amounts 

of inorganic arsenic may be a danger to human health. 

Arsenic associated problems include heart, respiratory, gastrointestinal, liver, and 

nervous and kidney diseases. A very high exposure to inorganic arsenic can cause infertility 

and miscarriages with women, and it can cause skin disturbances, declined resistance to 

infections, heart disruptions and brain damage with both men and women. 

Biochemical effects of Cadmium. 

Cd is introduced into the environment from earth's crust. Cadmium occurs naturally in 

the earth's crust as a mineral such as cadmium oxide, cadmium chloride, or cadmium sulphate, 

They are also present in coal and in the soil along with Zinc. Cadmium gets into the 

environment through landfills, poor waste disposal methods and leaks at hazardous waste 

sites. It is produced by mining and other industrial activities. Cadmium particles enter our air 

when we burn coal for energy and incinerate household waste. Each year many tones of 

cadmium are discharged into our seas and oceans. Many industries release dangerously higher 

amount of Cd especially industries involving extraction of Zn and battery making. Industries 

and power stations, where fossil fuel is burned, and welding sites etc emit Cadmium. Cd is 

present in pesticides and Fertilizers which reach the soil and are absorbed by plants. 

We take cadmium into our body by: 

 Inhaling it when working in factories that make batteries or do welding, or soldering 

 Inhaling it when near power stations or factories that burn fossil fuels Eating foods in 

which it accumulates such as shellfish, liver and kidney 

 Drinking water that is contaminated 

 Smoking cigarettes 

The most dangerous characteristic of cadmium is that it accumulates throughout lifetime 

Cadmium accumulates in the liver and kidneys and has a long biological half-life, from 17-

30 years in man. After uptake from the lung or the gastrointestinal tract, cadmium is 

transported in blood plasma initially bound to albumin. Cadmium bound to albumin is 

preferentially taken up by the liver. In the liver, cadmium induces the synthesis of 

metallothionein (interference with metallothionein) and a few days after exposure 

metallothionein-bound cadmium appears in the blood plasma. Cadmium element in small 

fractions is bound most effectively by the body protein metallothionein to get stored in 

kidneys as the cadmium bound protein.  

Cadmium cause Itai-Itai desease (Ouch-Ouch disease or monkey face syndrome) which is 

indicated by bone brittleness, and was first found in Japan. 
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Biochemical effects of Lead 

Lead causes widespread pollution and has biological effects. Lead poisoning (also 

known as plumbism, saturnism, Devon colic, or painter colic) is a medical condition caused 

by increased levels of the lead in the body. Lead interferes with a variety of body processes 

and is toxic to many organs and tissues including the heart, bones, intestines, kidneys, and 

reproductive systems. It interferes with the development of the nervous system and is 

therefore particularly toxic to children, causing potentially permanent learning and behavior 

disorders. Symptoms include abdominal pain, confusion, headache, anemia, irritability, and 

in severe cases fits, coma, and death, Poisoning by organic lead compounds has symptoms 

predominantly in the central nervous system, such as insomnia, delirium, cognitive deficits, 

tremor, hallucinations, and convunsions. 

The classic signs and symptoms in children are loss of appetite, abdominal pain, 

vomiting, weight loss, constipation, anemia, kidney failure, irritability, lethargy, learning 

disabilities, behavior problems, hearing loss, delayed growth, drowsiness, clumsiness, or loss 

of speech skills. 

The major biochemical effect of Pb is its interference with heme synthesis and haematological 

damage. The presence of Pb several key enzymes in heme synthesis  thus by effecting 

disruption of synthesis of hemoglobin, cytochrome etc Hemolysis (the rupture of red blood 

cells) due to acute poisoning can cause anemia and hemoglobin in the urine. 

Lead can destroy brain cells and eventually cause damage to brain. Damage to kidneys 

can cause changes in urination such as decreased urine output. Due to analogy with Co, bones 

act as repositories for Pb and accumulate in body and the bones become brittle. Organo-lead 

accumulates in the fatty tissues. 

Biochemical effects of Mercury 

Mercury (Hg) is a heavy metal occurring in several forms, all of which can produce 

toxic effects in high enough doses. Its zero oxidation state Hg(0) exists as vapor or as liquid 

metal, its mercurous state Hg+ exists as inorganic salts, and its mercuric state Hg2+ may form 

either inorganic salts or organo-mercury compounds; the three groups vary in effects. Toxic 

effects include damage to the brain, kidney, and lungs. Mercury poisoning can result in 

several diseases. including acrodynia (pink disease), Hunter-Russell syndrome, and 

Minamata disease. 

Minamata disease shows neurological syndromes include numbness in the hands and 

feet, general muscle weakness, narrowing of the field of vision and damage teaching and 

speech. In extreme cases, insanity, paralysis, coma and death follow within weeks of the onset 

of symptoms. A congenital form of the disease can also affect fetuses in the womb. 

In 1972, 450 villagers died in Iraq after eating wheat which has been treated with 

mercury containing pesticide. 

Hg poisoning damages the central nervous system, endocrine system, kidneys, and 

other organs, and adversely affects the mouth, gums, and teeth. Exposure over long periods 

of time or heavy exposure to mercury vapor can result in brain damage and ultimately death. 

Mercury and its compounds are particularly toxic to fetuses and infants. Women who have 
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been exposed to mercury in pregnancy have sometimes given birth to children with serious 

birth defects. 

Common symptoms of mercury poisoning include peripheral neuropathy (presenting 

as paresthesia or itching, burning or pain), skin discoloration (pink cheeks, fingertips and 

toes), swelling, and desquamation (shedding of skin). 

Biochemical effects of CO 

Carbon monoxide is a toxic gas, but, being colorless, odorless, tasteless, and initially 

non irritating, it is very difficult for people to detect. Carbon monoxide is a product of 

incomplete combustion of organic matter due to insufficient oxygen supply to enable 

complete oxidation to carbon dioxide. Sources of carbon monoxide include older motor 

vehicles and other gasoline-powered tools, heaters, and cooking equipment, cigarette smoke, 

wood-burning stoves, electrical generators, etc. Exposures at 100 ppm or greater can be 

dangerous to human health. 

Symptoms of mild acute poisoning include lightheadedness, confusion, headaches, 

vertigo, and flu-like effects; larger exposures can lead to significant toxicity of the central 

nervous system and heart, and even death. Carbon monoxide can also have severe effects on 

the fetus of a pregnant woman. 

Effect of CO on Hemoglobin 

Following absorption, carbon monoxide binds to hemoglobin, which is the principal 

oxygen-carrying compound in blood; this produces a compound known as 

carboxyhemoglobin (HbCO) which decreases the oxygen-carrying capacity of the blood and 

inhibits the transport, delivery, and utilization of oxygen by the body. Reducing the oxygen-

carrying capacity of the blood, leads to hypoxia. The affinity between hemoglobin and carbon 

monoxide is approximately 200 times stronger than the affinity between hemoglobin and 

oxigen so carbon monoxide binds to hemoglobin in preference to oxygen. Additionally. 

myoglobin and mitochondrial cytochrome oxidase are adversely affected. 

Carbon monoxide causes brain damage that results in cognitive defects, especially 

affecting memory and learning, and movement disorders. These disorders are typically 

related to damage to the cerebral white matter and basal ganglia. 

Biochemical effects of NOx 

Nitrous oxide (N2O) acts as a depressant (on the human body). Once inhaled, the gas 

enters the bloodstream through the lungs and reaches the brain quickly, affecting vital 

functions such as breathing and heart rate. It also alters other mechanisms of the nervous 

system, such as the activity of neurotransmitters (that regulate thought processes, behavior, 

and emotions). 

As nitrous oxide takes the place of oxygen in the lungs, a deficiency in vitamin B12 

may result. This sparks a series of negative effects within the body. The user's red blood cell 

count decreases, leading to anemia, a condition in which the blood is lacking in oxygen-

carrying red blood cells. Nerve damage may also occur, leading to difficulty walking, as well 

as itching, numbness, or pain in the arms and legs. These side effects are usually reversible if 

nitrous use is stopped. 
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Biochemical effects of SO₂ 

SO₂, was responsible for many air pollution incidents that included the London smog, and 

acid rain. The causes of death during smog were due to bronchitis, pneumonia, and other 

respiratory ailments. The aged people are more sensitive to sulphur dioxide; particularly those 

who are suffering from cardiovascular or respiratory problems are more susceptible. 

Biochemical effect of Cyanide 

Cyanide is produced naturally in the environment by various bacteria, algae, fungi and 

numerous species of plants including beans (coffee, chickpeas and lima), fruits (seeds and 

pits of apple, cherry, pear, apricot, peach and plum), almond and cashew nuts, vegetables of 

the cabbage family, grains (alfalfa, and sorghum), roots (cassava, potato, radish and turnip), 

white clover and young bamboo shoots. Incomplete combustion during forest fires is believed 

to be a major environmental source of cyanide, and incomplete combustion of articles 

containing nylon produces cyanide through depolymerization. Cyanide is produced in the 

human body and exhaled in extremely low concentrations with each breath. 

Relatively low concentrations of cyanide can be highly toxic to people and wildlife. 

Liquid or gaseous hydrogen cyanide and alkali salts of cyanide can enter the body through 

inhalation, ingestion (oral intake) or absorption through the eyes and skin. 

Biochemical effects of Pesticides. 

Nitrogen fixation, which is required for the growth of higher plants, is hindered by pesticides 

(DDT, methyl parathion, and especially pentachlorophenol) and thus reduced crop yield. On 

the other side, pesticides have some direct harmful effect on plant including poor meta 

development, shot yellowing and reduced plant growth. 

Pesticides can enter the human body through inhalation of aerosols, dust and vapor that 

contain pesticides; through oral exposure by consuming food, water, and through dermal 

exposure by direct contact of pesticides with skin. Pesticides are sprayed onto food, especially 

fruits and vegetables, they secrete into soils and groundwater which can end up in drinking 

water and pesticide spray can drift and pollute the air. The chemicals can bioaccumulate in 

the body over time 

For example, DDT accumulation in human body affects liver enzymes and thyroid 

function DDT is genotoxic and is also responsible for endocrine disruption. Exposure to 

pesticides can range from mild skin irritation t birth defects, tumors, genetic changes, blood 

and nerve disorders, endocrine disruption, and even coma or death. 

Conclusion 

Metals are systematic toxicants known to induce adverse health effects in the human 

including cardiovascular diseases, diabetes, neurobehavioral disorders, various types of 

cancer. The main pathway of exposure include ingestion, inhalation and dermal contact. 

Along this biochemical such as pesticides, cyanides, nitric oxide sulphur dioxide effect 

human life as well as environment. 
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