European Journal of Biotechnology and Bioscience
ISSN: 2321-9122
Impact Factor: RJIF 5.44
www.biosciencejournals.com
Volume 5; Issue 5; September 2017; Page No. 73-78

Environmental pollution and heavy metals
1

1

Eke Ugorji Iheanacho, 2 Ndulaka JC, 3 Onuh CF
Department of Medical Biochemistry, Abia State University, Uturu, Nigeria
2, 3
Department of Biochemistry, Abia State Polytechnic, Aba, Nigeria

Abstract
Heavy metals contribute to the part of earth crust, heavy metals such as Cu, Pb, Cr, and Hg, are non nutritive toxic metals and are
environmental pollutants. Agricultural activities through the application of phosphate fertilizers make this toxic metal readily
available in the soil, which can leach in the spring aquifer. Even in traces, these elements can pose a sever risk in the environment,
and their bio-accumulation in the food chain can cause drastic problem to humans, this is as a result of accumulation of metals in
plant parts having secondary metabolites, which is responsible for a particular pharmacological activity.
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Introduction
Heavy metal contamination of vegetables cannot be
underestimated as these foodstuffs are important components
of human diet. Vegetables are rich sources of vitamins,
minerals, and fibres and also have beneficial antioxidative
effects (Marshall, 2009) [55].
However, intake of heavy metal-contaminated vegetables may
pose a risk to human health. Heavy metal contamination of
food is one of the most aspects of food quality assurance and
is non-biodegradable and persistent environmental
contaminants, which may be deposited on the surfaces and
then absorbed into the tissues of vegetables.
Fertilizers have been shown to contain not only nutrients
necessary for plant growth but heavy metal impurities
(Schroeder et al., 1963) [54].
Monitoring and assessment of heavy metal concentrations in
the fertilizers from the market sites have been carried out in
some developed and developing countries (Sharma et al.,
2009) [55].
Heavy metals, such as copper, lead, chromium, and mercury
are important environmental pollutants, their presence in the
atmosphere, soil and water even in traces, can cause serious
problem to humans.
Heavy metal accumulation in soils is of concern in agricultural
production due to adverse effect in food quality and safety and
crop growth (due to phytotoxicity) (Fergusson, 1990) [16] and
environmental health.
The mobilization of heavy metals into the biosphere by human
activity has become an important process in the geochemical
cycling of these metals. This is acutely evident in urban areas
where various stationary and mobile sources release large
quantities of heavy metals into the atmosphere and soil
exceeding the natural emission rates (Bilos et al., 2001) [6].
Heavy metal bioaccumulation in the food chain can be
especially highly dangerous to human health. These metals
enter the human body mainly through two routes namely:
inhalation and ingestion, and with ingestion being the main

route of exposure to these elements in human population.
In Nigeria, according to recent studies, it has been shown that
vegetables are widely cultivated and consumed all through the
year (Opabode and Adeboye, 2005). Rapid technological
advance in agriculture have caused the continuous injection
and release of manmade inorganic and organic chemicals into
the natural ecosystem. Some of these chemicals are toxic and
resistant to physical, chemical or biological degeneration, thus
presenting an environmental burden of considerable
magnitude (Ebong et al., 2008) [12].
Man in his effort to increase agricultural yields has resorted to
the application of both organic and inorganic fertilizers to soil
(Nwaugo et al., 2008) [46].
Recent study shows that inorganic fertilizers contain heavy
metals and all these heavy metals become toxic when they are
not metabolized by the body and accumulate in the soft
tissues.
Some people cannot excrete them efficiently enough and a
build up occurs (Godfrey et al., 2003) [20].
Fertilizers were implicated in raising some heavy metals
concentrations in food crops and since then, researchers have
been urged to investigate the impact of impurities in fertilizer
on crop uptake of potentially toxic element (Schroeder et al.,
1963) [54].
Several studies have shown that the main source of fertilizer
derived heavy metals in soil is phosphatic fertilizers
manufactured from phosphate rocks that contain various
metals as minor constituents in their ores (Kpomblekon et al.,
1994) [32].
These heavy metals accumulate in the soil and become readily
available to plant. The use of these fertilizers has increased
significantly over last few decades and is projected to increase
even more (Bumb and Baanaunte, 1996) [8].
In Nigeria, NPK fertilizers are main inorganic fertilizers used
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in the agricultural sector. It is believed that most farmers use
excess rates of inorganic fertilizer due to lack of proper
measurement (Uwah et al., 2009) [62].
For many years, commercial fertilizer applications have been
regulated to ensure that the product label provides accurate
information on essential plant nutrient contents.
Quality in some fertilizer products have extended beyond
nutrient content to the potential presence of non-nutrient toxic
element in fertilizer such as heavy metals.
Plants are dependent on the local soil. Ultimately, fertilized
soil is the primary natural source of trace elements and toxic
elements in animals and man. It has been established that plant
food has been clearly shown to be an avenue of heavy metal
entry into the human food chain with harmful effects on health
(Oliver, 1997) [49].
Heavy metals and living organisms
Heavy metals are reported to encourage mutations at greater
amount in animals, they have capacity to produce genetic
harm in germ cells of both male and female animals. Chronic
low- level intakes of heavy metals have damaging effects on
humans and other animals, since there is no good mechanism
for their elimination. Metals such as lead, mercury, cadmium
and copper are cumulative poisons. These metals cause
environmental hazards and are reported to be exceptional
toxic (Ejaz et al., 2006). Vegetables take up metals by
absorbing them from contaminated soils, which may arise
from improper fertilizer application or improper disposal of
mining materials (Eke et al., 2015). Potentially toxic metals
are also present in commercially produced foodstuffs and
however, predicting the exposure to these metals from
consumption of food is more complicated because uptake of
metals by plants depends on soil properties and plant
physiologic factors.
Lead is toxic and very harmful to plants, although plants
usually show ability to accumulate large amount of lead
without visible changes in their appearance or yield. Lead is a
naturally occurring toxic metal found in the Earth’s crust. Its
widespread use has resulted in extensive environmental
contamination, human exposure and significant public health
problems in many parts of the world.
Important sources of environmental contamination include
mining, smelting, manufacturing and recycling activities, and,
in some countries, the continued use of leaded paint, leaded
gasoline, and leaded aviation fuel. More than three quarters of
global lead consumption is for the manufacture of lead-acid
batteries for motor vehicles. Lead is, however, also used in
many other products, for example pigments, paints, solder,
stained glass, lead crystal glassware, ammunition, ceramic
glazes, jewellery, toys and in some cosmetics and traditional
medicines. Drinking water delivered through lead pipes or
pipes joined with lead solder may contain lead. Much of the
lead in global commerce is now obtained from recycling
(UNEP, 2016).
Young children are particularly vulnerable to the toxic effects

of lead and can suffer profound and permanent adverse health
effects, particularly affecting the development of the brain and
nervous system. Lead also causes long-term harm in adults,
including increased risk of high blood pressure and kidney
damage. Exposure of pregnant women to high levels of lead
can cause miscarriage, stillbirth, premature birth and low birth
weight, as well as minor malformations (IHME, 2015).
Health effects of lead poisoning on children
Lead can have serious consequences for the health of children.
At high levels of exposure, lead attacks the brain and central
nervous system to cause coma, convulsions and even death.
Children who survive severe lead poisoning may be left with
mental retardation and behavioural disorders. At lower levels
of exposure that cause no obvious symptoms, and that
previously were considered safe, lead is now known to
produce a spectrum of injury across multiple body systems. In
particular lead affects children’s brain development resulting
in reduced intelligence quotient (IQ), behavioural changes
such as reduced attention span and increased antisocial
behaviour, and reduced educational attainment. Lead exposure
also causes anaemia, hypertension, renal impairment,
immunotoxicity and toxicity to the reproductive organs. The
neurological and behavioural effects of lead are believed to be
irreversible. There is no known safe blood lead concentration.
But it is known that, as lead exposure increases, the range and
severity of symptoms and effects also increases. Even blood
lead concentrations as low as 5 µg/dl, once thought to be a
“safe level”, may result in decreased intelligence in children,
behavioural difficulties and learning problems.
Iron toxicity can be classified as corrosive or cellular. Ingested
iron can have an extremely corrosive effect on the
gastrointestinal (GI) mucosa, which can manifest as nausea,
vomiting, abdominal pain, hematemesis, and diarrhea; patients
may become hypovolemic because of significant fluid and
blood loss.
Cellular toxicity occurs with the absorption of excessive
quantities of ingested iron. Severe overdose causes impaired
oxidative phosphorylation and mitochondrial dysfunction,
which can result in cellular death. The liver is one of the
organs most affected by cellular iron toxicity, but other organs
such as the heart, kidneys, lungs, and the hematologic systems
also may be impaired. With chronic iron overload, the deposit
of iron into the heart may cause death due to myocardial
siderosis.
With both corrosive and cellular toxicity, the end result is
significant metabolic acidosis, due to several factors. Hypo
perfusion due to significant volume loss, vasodilatation, and
negative inotropic effect of iron will result in lactic acidosis.
Inhibition of oxidative phosphorylation will promote
anaerobic metabolism.
Individuals demonstrate signs of GI toxicity after ingestion of
more than 20 mg/kg. Moderate intoxication occurs when
ingestion of elemental iron exceeds 40 mg/kg. Ingestions
exceeding 60 mg/kg can cause severe toxicity and may be
lethal.
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Biotoxicity of heavy metals
Heavy metals apply to the group of metals and metalloids with
atomic density greater than 4g/cm3 and are toxic even at lower
concentration (Garbarino et al., 1995; Hawkes, 1997) [19].
Heavy metals can be broadly classified with respect to their
effects on bio-processes (Duruibe et al., 2007) [11]. The classes
are listed as follows; the essential nutritive elements which
include copper, Iron, Zinc, Magnesium etc.- non essential non
nutritive elements which include chromium, nickel, cobalt
etc., and non nutritive toxic elements which are known to have
detrimental effects, example cadmium, arsenic, lead etc.
The biotoxic effect of heavy metal refers to the harmful
effects of heavy metals on the body when consumed above the
biological recommended limits. The individual metal exhibit
specific signs of toxicity, the following have been reported as
general signs associated with Cd, Pb, Zn, Hg, and As.
Cadmium is toxic at extremely low levels. In humans, long
term exposure results in renal dysfunction, characterized by
tubular proteinuria. Cadmium is also associated with bone
defects viz; osteomalacia, osteoporosis and spontaneous
fractures, increased blood pressure and myocardiac
dysfunction (Sharma, 2005). Depending on the severity of
exposure, the symptoms of effect include nausea, vomiting,
abdominal cranps, dyspnea and muscular weakness. Severe
exposure may result in pulmonary odema and death (Young,
2005) [65].
Lead is the most significant toxin of the heavy metals, and the
inorganic forms are absorbed through ingestion by food, water
and inhalation (Ferner, 2001) [17]. A notable serious effect of
lead toxicity is its tetratogenic effect. Lead poisoning also
causes inhibition of the synthesis of haemoglobin;
dysfunctions of kidneys, joints and reproductive systems,
cardiovascular system and acute, chronic damage to the
central nervous (CNS) and peripheral nervous (PNS)
(Ogwuegbu and Mahanga, 2005). Other effects include
damage to the Gastrointestinal tract (GIT) and urinary tract
resulting in bloody urine, neurological disorder and can cause
severe and permanent brain damage. While inorganic form of
lead typically affects the CNS, PNS, GIT and other
biosystems, organic forms predominantly affect the CNS
(Sharma, 2005). Lead affects children by leading to the poor
development of the grey matter of the brain, thereby resulting
in poor intelligence quotient (IQ) (Udedi, 2003) [60]. Its
absorption in the body is enhanced by Ca and Zn deficiencies.
Zn has been reported to cause the same sign of illness as does
lead, and can easily be mistakenly diagnosed as lead
poisoning (Sharma, 2005). Zinc is considered to be relatively
non toxic, especially if taken orally. However, excess amount
can cause system dysfunctions that result in impairment of
growth and reproduction (Nolan, 2003) [44]. The clinical signs
of Zinc toxicosis have been reported as vomiting, diarrhea,
bloody urine, liver failure, kidney failure and anemia
(Fosmire, 1990) [18].
Mercury is toxic and has no known function in human
biochemistry and physiology (Sharma, 2005). Inorganic forms

of mercury cause spontaneous abortion, congenial malfunction
and gastrointestinal disorders. Poisoning by its organic forms,
which include monomethyl and dimethyl mercury present
with erethism (an abnormal irritation or sensitivity of an organ
or body part to stimulation), acrodynia (pink disease which is
characterized by rash and desquamation of the hands and
feet). Neurological disorders, total damage to the brain and
CNS are also associated with congenial malformation (Ferner,
2001) [17].
As lead and mercury, arsenic toxicity symptoms depends on
the chemical form ingested (Holum, 1983; Ferner, 2001) [26,
17]
. Arsenic acts to coagulate protein, forms complexes with
co-enzymes and inhibits the production of adenosine
triphosphate (ATP) during respiration (INECAR, 2000) [28]. It
is possibly carcinogenic in level exposure and can cause death
(Ogwuegbu and Ijioma, 2003) [27].
Contamination of heavy metals with vegetables
Heavy metal pollution is of significant ecological /
environmental concern. This is due to the fact that they are not
easily biodegradable or metabolized, thus precipitating far
reaching effects on the biological system such as humans,
animals, plants and other soil biota (Yoon, 2003). Uptake of
metals is dependent on chemical form of the metals in the
contaminated soil (Gundermann et al., 1995). Elevated levels
of heavy metals in soil may lead to uptake by native and
agronomic plants. Several studies have indicated that
vegetables, particularly leafy crops, grown in heavy metals
contaminated soils have higher concentrations of heavy metals
than those grown in uncontaminated soil (Vousta et al., 1996).
Some metals such as Fe, Zn, and Cu are known to be essential
in plant nutrition, however many other heavy metals do not
play any significant role in a plant physiology. Plants growing
in a polluted environment can accumulate toxic metals at high
concentration causing serious risk to human health when
consumed (Vahter et al., 2007).
Many metals are extremely toxic because of their Solubility in
water and even in low concentrations, some trace metals have
damaging effect to humans and animals because there is no
mechanism for their elimination from the body (Reilly, 1980;
Davies and white, 1981).
Plants growing in a polluted environment can accumulate the
toxic metals at high concentration causing serious risk to
human health when consumed. Vegetables absorb and adsorb
these metals from the ground as well as from the parts of
vegetable exposed to air from polluted environment (Vousta et
al., 1996).
Conclusion
Heavy metals are important in many respects to man,
especially in the manufacturing of certain important products
of human use, such as accumulators (Pb), mercury-arch lamps
and thermometers (Hg), utensils (Al) and a wide range of
other products (Yaw, 1990; McCluggage, 1991). But the
biotoxic effects, when unduly exposed to them could be
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potentially life threatening hence, cannot be neglected. While
these metals are in many ways indispensable, good precaution
and adequate occupational hygiene should be taken in
handling them. Although heavy metal poisoning could be
clinically diagnosed and medically treated, the best option is
to prevent heavy metal pollution and the subsequent human
poisoning.
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