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Effects of Heavy Metals on Human Health
Introduction

Heavy metals are individual metals and metal compounds that can impact human
health. Eight common heavy metals are discussed in this brief: arsenic, barium,
cadmium, chromium, lead, mercury, selenium, and silver. These are all naturally
occurring substances which are often present in the environment at low levels. In larger
amounts, they can be dangerous. Generally, humans are exposed to these metals by
ingestion (drinking or eatiﬁg} or inhalation (breathing}.

Working in or living near an industrial site which utilizes these metals and their
compounds increases ones risk of exposure, as does living near a site where these
metals have been improperly disposed. Subsistence lifestyles can also impose higher

risks of exposure and health impacts because of hunting and gathering activities.
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Different heavy metals -:

1) Lead

2) Mercury

3) Cadmium

Metals have been shown to causes acute as well as chronic poisoning in man and

other experimental animals. Harmful effects of individual metals are presented briefly

below.

Toxic Metal and Their Reactive Forms

Metal Toxicity
Cd All forms are toxic and need attention
Pb Organic forms are more toxic and easily absorbed by the gastrointestinal
tract
Hg Hg(II} Organometcurials mainly methyl mercury,
biologically magnified

Clinical Aspects of Chronic Toxicities

Metal Target agant Primary sources Clinical effect
Cd Renal, Skeletal Industrial Dust And Proteinurea,
Pulmonary Fumes And Polluted Glucosuria,
Water And Food Osteomalacia,
Aminoaciduria,
Emphysemia
Pb Nervous System, Industrial Dust And Encephalopathy,
Hematopoietic Fumes And Polluted Peripheral
System, Renal Food Neuropathy, Central
Nervous Disorders,
Anemia
Hg Nervous System, Industrial Dust And Proteinurea

Renal

Fumes And Polluted
Water And Food
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Lead

Lead is a naturally occurring metal found deep in the ground. It occurs in small
amounts in ore, along with other elements such as silver, zinc, or copper. Even though it
is found in small amounts, there is an abundant supply of lead throughout the earth.
Because it is widespread, and easy to extract and work with, lead was used for hundreds
of years in a wide variety of products found in and around homes, including paint and
gasoline.

As a result of human activities, such as fossil fuel burning, mining, and manufacturing,
lead and lead compounds can be found in all parts of our environment. This includes air,
soil, and water. Lead is used in many different ways. It is used to produce batteries,
ammunition, metal products like solder and pipes, and X-ray shielding devices. Lead is a
highly toxic metal and, as a result of related health concerns (see below), its use in
several products like gasoline, paints, and pipe solder, has been drastically reduced in
recent years. Today, the most common sources of lead exposure in the United States are
lead-based paint and possibly water pipes in older homes, contaminated soil, household

dust, drinking water, lead crystal, lead in certain cosmetics and toys, and lead-glazed

pottery.




Properties of Lead

1. Lead is bluish white lustrous metal

™~

It is very soft, highly malleableductile, and a relatively poor conductor of
electricity.

Lead isotopes are th three series of naturally occurring radioactive elements.

It is a moderately active metal.

It dissolves slovely in water and in most in old acids.

It does not react with oxygen in the air readily and does not burn.

It reacts more rapidly with hot acids.

® NS ;s W

The melting point of lead is 3279 ¢ and boiling point is 1755¢c.
Sources of lead

0il of lead based paint
Mining waste
Incinerator ash
Automobile exhaust
Water from lead pipe
Car batteries

Emission of air craft engein

LN e W

Bone meal fertilizers

How does lead get into the body?

Lead can get into your body in two ways — through breathing it in or by eating it. For
example, lead can enter the body through eating or inhaling paint dust or chips. The soil
around your home can pick up lead from sources such as exterior paint. Lead can also

enter your drinking water through your plumbing
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Health effect of Lead

EPA has determined that lead is a probable human carcinogen. Lead can affect every
organ and system in the body. Long-term exposure of adults can result in decreased
performance in some tests that measure functions of the nervous system; weakness in
fingers,

Wrists or ankles small, increases in blood pressure and anemia.
e Exposure to high lead levels can severely damage the brain and kidneys and
ultimately cause death.

e [n pregnant women, high levels of exposure to lead may cause miscarriage.

o High level exposure in men can damage the organs responsible for sperm production.

Health effects of lead in children

Exposure to lead can have a wide range of effects on a child’s development and
behavior. Blood lead levels less than 10 micrograms per deciliter (ug/dL) are associated
with increased behavioral effects, delayed puberty, and decreases in hearing, cognitive
performance, and postnatal growth or height. Some of these health effects are found
even at low blood lead levels less than 5 pg/dL, including lower IQ scores, decreased
academic achievement and increases in both, behavioral problems and attention-related
behaviors. There is a wide range of lead-associated behavioral effects in the area of
attention. Attention deficit hyperactivity disorder {ADHD) is one example on the more

severe end of the spectrum.
Low lead levels in children can cause the following side effects:

1} Nervous system and kidney damage.

2) Speech, language and behavior problems.
3} Poor muscles coordination.

4) Decreased muscle and bone growth.

5) Hearing damage

6) Seizures, unconsciousness, and death.
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Health effects of lead in adult

Exposure has been linked to a number of health effects in adults. As a general rule,
the more lead you have in your body, the more likely it is you'll have health problems.
High blood lead levels greater than 15 ug/dL are associated with cardiovascular effects,
nerve disorders, decreased kidney function, and fertility problems, including delayed

conception and adverse effects on sperm and semen, such as lower sperm counts and

motility.

Blood lead levels below10 pg/dL are associated with decreased kidney function and
increases in blood pressure, hypertension, and incidence of essential tremor, a
degenerative disorder of the central nervous system whose most recognizable feature is
a tremor of the arms or hands during voluntary movements, such as eating and writing.
There is also evidence showing that adults who have low levels of exposure to lead less

than 5 pg/dL may have decreased kidney function.

Pregnant women need to be particularly careful around lead. Maternal blood lead levels
less than 5 pg/dL are associated with reduced fetal growth. Because the effects of lead
are different for everyone, more research needs to be done to fully understand the

health effects.

Most adults with elevated blood lead levels are exposed to lead at work. Those in
occupations related to mining, ironwork or welding, construction, renovation and
remodeling activities, smelters, firing ranges, the manufacture and disposal of car
batteries, automobile radiator repair, metal shop work, and the manufacture of pottery

or stained glass are particularly at risk for lead exposure.




In adults high levels of lead in their systems can cause the following effects:

1) Increased change of illness during pregnancy.

2) Harm to fetus, including brain damage or death.
3) Fertility problem in male and female.

4) High blood pressure.

5) Nerve disorders.

6) Memory and concentration problems.

7) Muscle and joint pains.

8) Digestive problems.

Blood Lead Level Health Effects
Children:

Blood lead levels below 5Spg/dL Decreased academic achievement, IQ, and
specific cognitive measures; increased
incidence of problem and attention-related
hehaviors
Adults:

Decreased kidney function, maternal blood
lead associated with reduced fetal growth
Children:

Blood lead levels below 10ug/dL Delayed puberty, reduced postnatal
growth, decreased IQ and hearing
Adults:

Increased blood pressure, risk of
hypertension, and incidence of essential
tremor
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Mercury

Mercury combines with other elements to form organic and inorgahic mercury
compounds. Metallic mercury is used to produce chlorine gas and caustic soda, and is
also used in thermometers, dental fillings, switches, light bulbs, and batteries. Coal-
burning power plants are the largest human-caused source of mercury emissions to the
air in the United States. Mercury in soil and water is converted by microorganisms to
methyl mercury, a bioaccumulating toxin. Mercury has no positive role in the human
body1; in fact a safe level of mercury exposure is very difficult to determine. It can be
present in the environment in several different forms, and while all forms of mercury
are toxic to humans, the pattern of toxicity varies with its chemical form, the route of
exposure, the amount, the duration and timing of exposure2, and the vulnerability of the
person exposed3. For example, pure elemental mercury (also known as quicksilver or
Hg ) is liquid at room temperature. If ingested, quicksilver has very low toxicity because
it is not absorbed by the gastrointestinal tract and is eliminated completely in the stool.
If quicksilver is agitated or heated, however, the liquid mercury becomes a vapour
which is readily absorbed by inhalation and is highly toxic to the lungs and central
nervous system. The nervous system is the primary target of mercury toxicity, but,
depending upon the specific exposure, the kidneys, liver and lungs are also important
targets. Table 1 (Page 21) gives an overview of the different forms of mercury, their
uses, routes of exposure and their toxicity.

The two biggest sources of exposure to mercury for the general population are

through our consumption of fish, and associated with medical and dental practices’
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People in developed countries have signify cant exposure from the mercury in their
dental fi llings4. However, our environmental exposure to methyl mercury, a highly
toxic form of organic mercury found in ocean and freshwater fish and marine mammals,
is a cause of great concern. The impact on public health as a result of exposure to methyl

mercury is therefore the major emphasis of this chapter.
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Properties of Mercury

Mercury is a heavy, silvery whit liquid metal.

Compared to other metals, it is a poor conductor of heat, but a fair conductor of
electricity.

It alloys easily with many metals, such as gold, silver and tin.

Mercury dissolves many other metals such as silver and gold to form amalgams.
Mercury readily combines with aluminium to form mercury -aluminium
amalgam when the two pure metals come into contact.

Mercury reacts with solid sulfur flakes, which are used in mercury spill kits to
absorb mercury.

Mercury does not reacts with most acids, such as dilute sulfuric acid, although
oxidizing aids such as concentrated sulfuric acid and nitric acid or aqua regia
dissolve it to give sulfate, nitrate and chloride.

Mercury is used in thermometers, barometers, manometers, float valves,
mercury relays, and fluorescent lamps.

The melting point of mercury is -38.7° ¢ and boiling point is 356.6 °c.

Sources of mercury

W N

Coal burning
Industrial waste
Household waste

Mining waste
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Health effects of mercury

The EPA has determined that mercuric chloride an methyl mercury are possible human

carcinogens.

® The nervous system is very sensitive to all forms of mercury.

e Exposure to high levels can permanently damage the brain, kidneys, and developing

fetuses. Effects on brain functioning may result in irritability, shyness, tremors, changes

in vision or hearing, and memory problems.

e Short-term exposure to high levels of metallic mercury vapors may cause lung

damage, nausea, vomiting, diarrhea, increases in blood pressure or heart rate, skin

rashes, and eye irritation.

High doses of mercury can be fatal to humans, but even relatively

Low doses of mercury containing compounds can have serious adverse impacts
on the developing nervous system, and have recently been linked with possible
harmful effects on the cardiovascular, immune and reproductive systems5.
Mercury and its compounds affect the central nervous system, kidneys, and
liver and can disturb immune processes; cause tremors, impaired vision and
hearing, paralysis, insomnia and emotional instability.

During pregnancy, mercury compounds cross the placental barrier and can
interfere with the development of the foetus, and cause attention deficit and
developmental delays during childhood.

Medical exposures occur when mercury containing preservatives like
thimerosal are used in certain vaccines and pharmaceutical agents.

Exposure to mercury vapour can occur during placement and removal of
mercury containing dental amalgams, as well as during normal chewing when

mercury amalgams are present.




Elemental mercury can cause following:

1
2)
3)
4)
5)
6)
7)
8)

Mood swings, nervousness, irritability, and other emotional changes.
Insomnia

Headache

Abnormal sensation

Muscle twitching

Weakness

Tremors

Muscle atrophy
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MINAMATA DISEASE

Methyl mercury poisoning was first recognized in Minamata, Japan around 19607.
Hundreds of fishermen and their families were severely poism‘led during the 1950s by
methyl mercury that bioaccumulated in fish as a result of the release of mercury to the
bay from a local chemical plant. Many severe effects were observed including
parasthesia (abnormal physical sensations such as numbness), gait disturbances,
sensory disturbances, tremors, hearing impairment and many mortalities8. By 1960 the
serious and mysterious affliction, affecting both adults and infants, was recognized as
methyl mercury poisoning, a hitherto unrecognized disease. High level exposure
produced serious neurological disease in adults, but the most dramatic manifestation
was congenital Minamata disease in infants born to mothers with high mercury levels.
These babies were born with severe cerebral palsy, blindness and profound mental
retardation9. Some severely affected children were born to mothers who themselves
showed no evidence of mercury-related impacts.

Iraq. Epidemics of organic meréury poisoning from consumption of grain treated
with organ mercurial fungicides have also occurred in Irag and Guatemala. In Iraq,
children exposed during fetal development were severely affected, consistent with the
Minamata fi ndings10. By the time the severe Iraq outbreak occurred in 1971,
epidemiologists and toxicologists were alert and analytical results (mainly hair

mercury) were obtained and used in risk assessment.
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Minamata Disease

On April 21, 1956, a five
yvear-old girl was examined
at the Chisso Corporation's
factory hospital in
Minamata, Japan,

The physicians were puzzied
by her symptoms: difficulty
walking, difficuity speaking
and convulsions.

They soon found other
family members and many
other children with the
condition
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Cadmium

Cadmium is a very toxic metal. All soils and rocks, including coal and mineral
fertilizers, contain some cadmium. Cadmium has many uses, including batteries,
pigments, metal coatings, and plastics. It is used extensively in electroplating. Certain
compounds of cadmium (Cd) are highly toxic to humans. Cadmium is employed in
several industrial processes such as: (a) protective coatings (electroplating) for metals
like iron; (b) preparation of Cd-Ni batteries, control rods and shields within nuclear
reactors and television phosphors. Some compounds are used as stabilizers for PVC. For
non-smoking population the major exposure pathway is through food. Cadmium is
readily taken up by plants. Potential source of cadmium toxicity is the use of commercial
sludge for fertilizing agricultural fields. Some root crops (carrots and parsnip) and some
leafy crops (lettuce and spinach) are able to accumulate more cadmium compared to
other plant foods. Grain crops like rice and wheat can accumulate relatively high

amounts of cadmium.
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Properties of Cadmium

1) Cadmium is a soft, malleable, ductile, bluish-whit divalent metal.

2) Itis a similar in many respects to zinc but forms complex compounds.

3) Unlike most other metals cadmium is resistant’s to corrosion and is used as a
protective plate on other metals.

4) Cadmium is soluble in acids but not in alkaline.

5) Its surface has a bluish ting and the metal is soft enough to be cut with a knife, but
it tarnishes in air.

6) The density of cadmium is 8.65 grams per cubic centimeter

7) The melting point of cadmium is 321 o ¢ and boiling point is 767oc.
Natural sources of Cadmium

1) Volcanic eruption
2) Weathering
3) Erosion

4] River transper
Artificial sources of Cadmium

1) Tobacco smoking

2} Mining smelling

3) Refining of non-ferous metals

4) Fossil fuel combertion

5) Municipal waste

6) Manufacture of phosphate fertilizers

7) Electric as well as electronic waste
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Health effects of cadmium

Cadmium and cadmium compounds are known human carcinogens. Smokers get
exposed to significantly higher cadmium levels than non-smokers. Severe damage to the
lungs may occur through breathing high levels of cadmium.

e Ingesting very high levels severely irritates the stomach,

leading to vomiting and diarrhea.

e Long-term exposure to lower levels leads to a buildup in the kidneys and possible
kidney disease, lung damage, and fragile bones.

® OSHA - an average of 5 micrograms per cubic meter of workplace air for an 8-hour

workday, 40-hour work week.

Bone effect:

. Although first reported in French workers by Nicaud et al 7, toxic effects of Cd on the
bones really became evident with the outbreak of the Itai-Itai disease in the Cd-polluted
area of Toyama, Japan, after World War II. Itai-Itai disease patients presented, indeed, a
severe osteomalacia accompanied with multiple bone fractures and renal dysfunction9.
They complained of pain in the back and in the extremities, difficulties in walking and
pain on bone pressure (hence the name Itai-itai meaning Ouch-Ouch in Japanese).
Recent studies in China have confirmed the bone toxicity of Cd. Nordberg et al20 have
found decreased bone mineral density in Chinese farmers exposed to Cd from
contaminated rice for more than 20 yr. The bone mass density was decreased in
postmenopausal women with elevated Cd in urine or blood as well as among men with
elevated Cd in blood. Bone lesions have been regarded for long as late manifestations of
intoxication, occurring only after relatively high exposures in the industry or
environment. Effects on the bone, especially at high exposure, are largely the
consequence of Cd nephropathy, resulting in an altered vitamin D metabolism and a
urinary waste of calcium and phosphate.  According to studies on environmentally
exposed populations in Japan or China, the thresholds of urinary or blood Cd associated
with bone effects are higher than those associated with renal dysfunction21. This view,
however, has been challenged by some recent studies reporting associations between

urinary Cd and indices of bone mass density in the general population with very low
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environmental exposure22-24. The possibility cannot be excluded, indeed, that the
metabolism of Cd and hence the levels of the metal in biological fluids can be altered by

disturbances in calcium homeostasis due to menopause, ageing or renal diseases

unrelated to Cd19.

Cancer:

Various regulatory bodies have concluded that there is sufficient evidence to classify
Cd as a human carcinogen. The most convincing evidence comes from the finding of
increased risks of Jung cancer in workers exposed to Cd by inhalation as well as from
animal data showing that Cd administered by various routes can produce cancer at
multiple sites, including in the lung26. Although the evidence from animal studies is
undisputable, data from occupationally exposed populations require a more careful
analysis because of the possible confounding by concomitant exposure to arsenic.
Recent studies having adjusted for the concomitant exposure to arsenic and nickel have
reported lower relative risks of lung cancer than in the past2. Cd exposure in the
industry has also been linked to prostate and renal cancer but this linkage is much
weaker than that for lung cancer. Until recently, stugies on populations environmentally
exposed to Cd had revealed no increase in cancer mortality, even in populations with
Cd-induced renal effects. The possibility that Cd can be involved in environmental
carcinogenesis cannot be excluded. In a Cd-polluted region in China, an association
between urinary Cd and raised serum concentration of prostate-specific antigen has

been found suggesting a possible implication of Cd in prostate carcinogenesis.
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Renal effect:

There is now a consensus among scientists to say that in chronic Cd poisoning the
kidney, which is the main storage organ of Cd, is also the critical target organ, Le. the
first organ to display signs of toxicity2,3,10,11. Cd nephropathy has been described in
industrial workers exposed mainly by inhalation and in the general population exposed
via contaminated foods. The various studies conducted on human populations and
experimental animals have demonstrated that Cd exerts its renal toxicity in a strictly
dose-dependent manner, the adverse effects occurring only when the Cd concentration
in kidney cortex reaches a critical threshold. The total concentration of Cd in renal
cortex from which renal effects are likely to occur has been estimated at 150-200 ppm
(g/g wet weight of renal cortex), both in human subjects and in experimental
animals2,10,11. As most renal Cd is bound to metallothionein, the form of Cd
responsible for renal damage is the highly toxic Cd2+ ion that avidly reacts with cellular
components. The critical concentration of free Cd in renal cortex corresponding to the
critical concentration of 200 ppm for total Cd has been estimated at about 2 ppm13. The
earliest manifestation of Cd-induced renal damage considered as critical consists in an
increased urinary excretion of microproteins (molecular weight <40 kD). Among these
proteins, B2-microglobulin, retinol-binding protein and alphal-microglobulin have been
the most validated for the routine screening of tubular proteinurea.

The increased loss of these proteins in urine is a reflection of the decreased tubular
reabsorption capacity. In health, these proteins are almost completely reabsorbed by
the proximal tubular cells, meaning that a minute decrease of their fractional
reabsorption drastically increases their urinary excretion. A modest increase in the
urinary excretion of these proteins, as found at the early stage of Cd nephropathy (in the
range of 300 to 1,000 pg/g creatinine for retinol-binding protein {(Table I), is unlikely to
compromise the renal function. The disturbances of calcium and phosphate metabolism
accompanying Cd nephropathy may lead to bone demineralization, the formation of
kidney stones and bone fractures. Prospective studies among inhabitants living in Cd-
polluted areas in japan have shown that the development of Cd-induced proteinurea is
predictive of an increased mortality by heart failure, cerebral infarction, nephritis and

nephrosis.
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