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ABSTRACT

Heavy metals are persistent environmental contaminants and naturally occurring elements of the Earth's crust. There are
several ways that humans might be exposed to heavy metals, such as through the food chain, consuming contaminated water or
soil, or breathing in air or dust particles. Their bioaccumulation may have a variety of harmful impacts on various organ
systems and bodily tissues. The characteristics of the particular metal, dose, route, length of exposure (acute or chronic). The
ability of heavy metals to disrupt antioxidant defense mechanisms, mainly through their interaction with intracellular
glutathione (GSH) or sulfhydryl groups (R-SH) of antioxidant enzymes like superoxide dismutase (SOD), catalase, and other
enzyme systems. Although arsenic (As) is believed to bind directly to critical thiols, alternative hydrogen peroxide production
processes have also been postulated. Numerous biological processes, such as cell development, proliferation, survival,
metabolism, and apoptosis, are known to be impacted by heavy metals, which also disrupt signaling pathways. It has been
demonstrated that nuclear factor erythroid 2-related factor 2 (Nrf2) functions as a double-edged sword in response to arsenic-
induced oxidative stress. Nrf2 is an essential regulator of antioxidant enzymes, the degree of oxidative stress, and cellular
tolerance to oxidants.
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may cause lethal effects on plants, animals, microorganisms,
and humans [1-3].

INTRODUCTION:

The contemporary world grapples with a significant
environmental challenge in the form of heavy metal
pollution. The swift pace of industrialization, marked by

Metals like cadmium, arsenic, and mercury, exhibit
remarkable toxicity even at low concentrations, as

expansive manufacturing growth, contributes to a continual
rise in metal concentrations, giving rise to severe pollution
issues. The accumulation of certain metals in living
organisms is referred to as heavy metal toxicity causes
detrimental effects in living organisms. These elements
include lead, cadmium, nickel, arsenic, and mercury and are
characterized by high densities and high atomic weights. In
minute quantities, metals tend to play a significant role as
essential nutrients, actively participating in diverse
enzymatic and metabolic pathways while serving as
cofactors. Their involvement is integral to the proper
functioning of biological systems across various life forms.
However, when these metals are present in high levels they
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documented by previous studies. The consequences of
elevated metal concentrations become particularly evident
when they accumulate in the soil, leading to adverse impacts
on both productivity and fertility. Furthermore, the entry of
these metals into the ecosystem through diverse pathways—
be it through food, water, or air—can result in their
bioaccumulation over extended periods. Bioaccumulation of
metals exerts a potent threat not only to human health but
also to the environment. The persistence of these harmful
metals in the environment raises issues about their long-term
negative impact on the ecosystems and the organisms living
in that environment[4-7].

[82] CODEN (USA): AJPRHS


http://ajprd.com/
http://dx.doi.org/10.22270/ajprd.v14i4.1856

Kumar et al

The toxic effect of these metal ions in human bodies is quite
severe and multifaceted. Several researches have
demonstrated the adverse effects of these metals such as
carcinogenesis, growth and developmental issues, mental
illness, disruption in metabolic pathways, and neuromuscular
defects. Heavy metals are reported to be omnipresent and
have raised concerns regarding their negative Eco
toxicological effects on human health and the environment.

These are released into the environment via mining activities,
industrial activities, and several other anthropogenic
activities.
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Their physicochemical properties like solubility, ionization
states, and redox behavior, contribute to their unique
toxicological profiles. These metals pose a high level of
toxicity to organisms since these are persistent in nature and
they may undergo complex transformations and can
accumulate in the tissues of organisms leading to bio
magnification that in turn result in severe negative impacts
on organisms of higher trophic levels.
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Figure: 1 Different sources of heavy metals

The various methods that heavy metals enter the environment
contribute to the complexity of heavy metal toxicity. These
routes include air deposition, mining operations, agricultural
runoff, and industrial discharge. Heavy metals can spread
through contaminated soil, water, and air, endangering
people, animals, and plants. When heavy metals enter
biological systems, they often cause oxidative stress, alter
cellular functions, and interfere with enzymatic processes.
Depending on the type of heavy metal, exposure duration,
and chemical reactivity, prolonged exposure to heavy metals
at a significant level has been shown to impact brain
functions, developmental activities, and ultimately
carcinogenesis[8,9].The toxicity of heavy metals is
significantly impacted by their speciation or chemical forms,
making heavy metal pollution a major environmental and
public health concern. Lead, mercury, cadmium, and arsenic
are examples of metals that can exist in elemental, ionic, and
organic compound forms with varying solubility, mobility,
and toxicity properties.

For example, inert, water-insoluble, and biologically less
active mercury in its elemental form becomes extremely
poisonous, bio accumulating in aquatic species and posing a
serious risk to human health due to neurological damage on
methylation.

In the case of lead (Il) nitrate, among others, exposure will
be higher through drinking water since the soluble form
provides an easy way to enter the water. However, depending
on their solubility, less soluble lead sulphate and lead
chloride may leak into water from a solid structure, releasing
lead ions that could be harmful to human health. Therefore, it
is crucial to comprehend toxicity in relation to chemical
speciation in order to evaluate the impact of heavy metals on
the environment and their corresponding remediation
techniques[10-13].

Numerous mechanistic factors contribute to the toxicity and
carcinogenicity caused by heavy metals. According to Kim et
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al. (2019), each metal is known to have unique
physicochemical traits and features that contribute to its
unique toxicological modes of action. An interdisciplinary
approach encompassing chemistry, biology, environmental
science, and medicine is necessary to comprehend heavy
metal toxicity. Researchers look at how metals are absorbed,
transported, and accumulated in living things as well as how
metals interact with biological constituents. Furthermore,
when assessing the total influence on ecosystems, the
mobility and destiny of heavy metals in the environment are
crucial factors.

Heavy metals and their toxicity mechanisms

One of the most significant heavy metals that is concerning
from an ecological and personal health perspective is arsenic.
It is widely accessible as oxides or sulphides, or as a salt of
iron, sodium, calcium, copper, etc., and has a semi-metallic
quality. It is also very poisonous and carcinogenic .The
inorganic forms of arsenic, such as arsenite and arsenate
compounds, are deadly to both the environment and living
things[14-18]. Arsenic is the tenth most abundant element on
Earth. Arsenic can come into contact with humans through
industrial, natural, or accidental sources. Natural mineral
deposits, improper disposal of arsenical compounds, and the
use of arsenical insecticides can all contaminate drinking
water.

Acute poisoning can also occur from youngsters
inadvertently consuming arsenic or intentionally consuming
it during suicidal attempts. According to Gordon and Quastel
(1948), arsenic is a proto-plastic toxin since it mostly affects
the sulphydryl group of cells, impairing respiration, cell
enzymes, and mitosis. Arsenic toxicity mechanism
Monomethylarsonic acid (MMA) and dimethylarsinic acid
(DMA) are produced during arsenic biotransformation when
bacteria, algae, fungus, and humans methylate hazardous
inorganic arsenic molecules[19,20].
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These inorganic arsenic species (iAs) undergo enzymatic
conversion during this biotransformation process to
methylated arsenicals, which are the final metabolites and a
biomarker of long-term exposure to arsenic. Methylated
inorganic arsenic, such as MMA (V) and DMA (V), which
are eliminated through urine, are bioindicators of long-term
exposure to arsenic. Bio methylation is a detoxifying process.
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MMA (I11), on the other hand, stays inside the cell as an
intermediate product and is not eliminated. Compared to
other arsenicals, monomethylarsonic acid (MMA IlI), an
intermediate product, is discovered to be extremely
hazardous and may be responsible for arsenic-induced
carcinogenesis [21].
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Figure: 2 The global production and consumption of selected toxic metals during 1850-1990 (Adapted from Nriagu, 1996).

Lead

Lead is a highly toxic metal whose widespread use has
caused extensive environmental contamination and health
problems in many parts of the world. Lead is a bright silvery
metal, slightly bluish in a dry atmosphere. It begins to tarnish
on contact with air, thereby forming a complex mixture of
compounds, depending on the 90 80 70 60 50 40 30 20
Production (million tones/year) 10 0 4500 4000 3500 3000m
2500 2000 1500 1000 500 O Emissions (thousands
tones/year). The global production and consumption of
selected toxic metals during 1850-1990.Metal plating and

finishing operations Fertilizers and pesticides Smelting of
ores Wastes from battery industries Sources of lead in the
environment Factory chimneys Soil wastes Exhaust from
Automobiles Additives in gasoline and pigment various
sources of lead pollution in the environment given
conditions. Figure 3 shows various sources of lead pollution
in the environment .The sources of lead exposure include
mainly industrial processes, food and smoking, drinking
water and domestic sources. The sources of lead were
gasoline and house paint, which has been extended to lead
bullets, plumbing pipes, pewter pitchers, storage batteries,
toys and faucets.
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Figure: 3 Lead toxicity of in various organs.
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In the US, more than 100 to 200,000 tons of lead per year is
being released from vehicle exhausts. Some is taken up by
plants, fixation to soil and flow into water bodies, hence
human exposure of lead in the general population is either
due to food or drinking water. Lead is an extremely toxic
heavy metal that disturbs various plant physiological
processes and unlike other metals, such as zinc, copper and
manganese, it does not play any bio logical
functions[22,23,24]. A plant with high lead concentration
fastens the production of reactive oxygen species (ROS),
causing lipid membrane damage that ultimately leads to
damage of chlorophyll and photosynthetic processes and
suppresses the overall growth of the plant. Some research
revealed that lead is capable of inhibiting the growth of tea
plant by reducing biomass and debases the tea quality by
changing the quality of its components. Even at low
concentrations, lead treatment was found to cause huge
instability in ion uptake by plants, which in turn leads to
significant metabolic changes in photosynthetic capacity and
ultimately in a strong inhibition of plant growth. Mechanisms
of lead toxicity Lead metal causes toxicity in living cells by
following ionic mechanism and that of oxidative stress.
Many researchers have shown that oxidative stress in living
cells is caused by the imbalance between the production of
free radicals and the generation of antioxidants to detoxify
the reactive intermediates or to repair the resulting damage.
Figure 3 shows the attack of heavy metals on a cell and the
balance between ROS production and the subsequent defense
presented by antioxidants. Antioxidants, as e.g. glutathione,
present in the cell protect it from free radicals such as H202.
Under the influence of lead, however, the level of the ROS
increases and the level of antioxidants decreases. Since
glutathione exists both in reduced (GSH) and oxidized
(GSSG) state, the reduced form of glutathione gives its
reducing equivalents (H+ + e-) from its thiol groups of
cystein to ROS in order to make them stable. In the presence
of the enzyme glutathione peroxidase, reduced MERCURY
CADMIUM Resulting in Apoptosis oxidative stress SOD,
GSH, GST, Catalase Defense by antioxidants ALUMINIUM
Production of ROS 02 , OH, NO , RO ONOO , H2 02,
IRON ARSENIC CHROMIUM LEAD Figure 3. The attack
of heavy metals on a cell and the balance between ROS
production and the subsequent defense presented by
antioxidants. glutathione readily binds with another molecule
of glutathione after donating the electron and forms
glutathione disulfide (GSSG). The reduced form (GSH) of
glutathione accounts for 90% of the total glutathione content
and the oxidized form (GSSG) accounts for 10% under
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normal conditions. Yet under the condition of oxidative
stress, the concentration of GSSG exceeds the concentration
of GSH. Another biomarker for oxidative stress is lipid
peroxidation, since the free radical collects electron from
lipid molecules present inside the cell membrane, which
eventually causes lipid peroxidation[25-30]. At very high
concentrations, ROS may cause structural damage to cells,
proteins, nucleic acid, membranes and lipids, resulting in a
stressed situation at cellular level.

The ionic mechanism of lead toxicity occurs mainly due to
the ability of lead metal ions to replace other bivalent cations
like Ca2+, Mg2+, Fe2+ and monovalent cations like Na+,
which ultimately disturbs the biological metabolism of the
cell.

The ionic mechanism of lead toxicity causes significant
changes in various biological processes such as cell
adhesion, intra- and inter-cellular signaling, protein folding,
maturation, apoptosis, ionic transportation, enzyme
regulation, and release of neurotransmitters[31-33].

Lead can substitute calcium even in Pico molar concentration
affecting protein kinase C, which regulates neural excitation
and memory storage[34-37].

Cadmium

Cadmium is a metal of the 20th century. It is a byproduct of
zinc production. Soils and rocks, including coal and mineral
fertilizers, contain some amount of cadmium. Cadmium has
many applications, e.g. in batteries, pigments, plastics and
metal coatings and is widely used in electroplating. Figure 9
presents a relative contribution of different sources to human
cadmium exposure. Cadmium and its compounds are
classified as Group 1 carcinogens for humans by the
International Agency for Research on Cancer. Cadmium is
released into the environment through natural activities such
as with fish age and with increasing trophic levels. EPA has
declared mercuric chloride and methyl mercury to be highly
carcinogenic. The nervous system is very sensitive to all
types of mercury. Increased exposure of mercury can alter
brain functions and lead to shyness, tremors, memory
problems, irritability, and changes in vision or hearing.
Exposure to metallic mercury vapors at higher levels for
shorter periods of time can lead to lung damage, vomiting,
diarrhea, nausea, skin rashes, increased heart rate or blood
pressure. Symptoms of organic mercury poisoning include
depression, memory problems, tremors, fatigue, headache,
hair loss, etc[39,40].

Human cadmium exposure

m0-01 m0.1-02 m0.2-0.3

percentage

0.3-0.4

Figure: 4 cadmium exposure and relatable sources.
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Aluminum

Decreases the concentration of copper in liver and plasma
and also reduces the intestinal absorption and replaces zinc
present in metallothionein concentration of ceruloplasmin in
plasma Figure 10. Values of cadmium toxicity. Interacts with
iron and decreases the hemoglobin and hematocrit
concentration, leads to anemia Aluminum is the third most
common element found on the earth’s crust. It exists in only
one oxidation state (3+) in the environment[41-43]. The main
routes of aluminum consumption by humans are through
inhalation, ingestion and dermal contact and sources of
exposure are drinking water, food, beverages, and aluminum
containing drugs. Aluminum is naturally present in food.
Aluminum and its compounds are poorly absorbed in
humans, although the rate at which they get absorbed has not
been clearly studied. Symptoms that indicate the presence of
higher amounts of aluminum in the human body are nausea,
mouth ulcers, skin ulcers, skin rashes, vomiting,diarrhea and
arthritic pain. These symptoms have however been reported
to be mild and short lived (Clayton, 1989). Aluminium
exposure is probably a risk factor for the onset of Alzheimer
disease (AD) in humans, as hypothesized by the WHO, 1997.
Contact dermatitis and irritant dermatitis were seen in
persons who were exposed to aluminium in their place of
work. Aluminium showed adverse effects on the nervous
system and resulted in loss of memory, problems with
balance and loss of coordination[44-47]

Because patients with Kkidney diseases have difficulty
eliminating the metal, accumulation of aluminium in the
body damages bones and the brain. Aluminium poisoning
may develop as a result of living in dusty settings, receiving
long-term intravenous nourishment, having reduced kidney
function, receiving hemodialysis, drinking or ingesting
substances high in aluminium content, and working in an
environment with high levels of aluminium. Patients
undergoing kidney dialysis may come into contact with
aluminium from contaminated dialysates and phosphate
binders. In addition to causing other disorders including
aluminum-induced osteomalacia and aluminum-induced
adynamic bone disease, which are both characterized by low-
bone remodeling, increased exposure to aluminium can
change the course of secondary hyperparathyroidism[48-
50].Lung issues, anaemia, poor iron absorption, nervous
system issues, etc. are some additional symptoms linked to
aluminium toxicity. The most prevalent transition metal in
the earth's crust is iron. Since it is a cofactor for numerous
essential proteins and enzymes, it is the most significant
nutrient for the majority of living things. The majority of
aerobic organisms rely on iron-mediated processes to support
their respiration. It can catalyse reactions that result in the
creation of radicals, which can harm biomolecules, cells,
tissues, and the entire organism if it is not adequately
insulated. The issue of iron poisoning has always been of
particular interest to pediatricians. Due to their increased
exposure to iron-containing items, children are particularly
vulnerable to iron poisoning. . lron toxicosis occurs in four
stages. The first stage which occurs after 6 hrs of iron
overdose is marked by gastrointestinal effects such as gastro
intestinal bleeding, vomiting and diarrhea. The second stage
progresses within 6 to 24hrs of overdose and it is considered
as the latent period, a period of apparent medical recovery.
The third stage occurs between 12 to 96 hrs after the onset of
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certain clinical symptoms[51-53]. This stage is characterized
by shocks, hypotension, lethargy, tachycardia, hepatic
necrosis, metabolic acidosis and sometimes death. The fourth
stage occurs within 2—-6 weeks of iron overdose. This stage is
marked by the formation of gastrointestinal ulcerations and
development of strictures. Excess iron uptake is a serious
problem in developed and meat eating countries and it
increases the risk of cancer. Workers who are highly exposed
to ashestos that contains almost 30% of iron are at high risk
of asbestosis, which is the second most important cause for
lung cancer. It is said that ashestos associated cancer is
linked to free radicals.

Loose intracellular iron can also promote DNA damage. Iron
can initiate cancer mainly by the process of oxidation of
DNA molecules[54].

Iron salts such as iron sulfate, iron sulfate monohydrate and
iron sulfate heptahydrate are of low acute toxicity when
exposure is through oral, dermal and inhalation routes and
hence they have been placed in toxicity category 3.
Furthermore, iron salts are considered to be safe by the Food
and Drug Administration and their toxic effects are very
much negligible. Formation of free radicals is the outcome of
iron toxicity. Superoxide and hydrogen peroxide are
byproducts of normal and pathological cell processes that are
regarded as free radicals. Enzymes like superoxide
dismutase, catalase, and glutathione peroxidase actually
neutralize these free radicals. However, the superoxide
molecule can liberate iron from ferritin, and that free iron
reacts with increasing amounts of superoxide and hydrogen
peroxide to form extremely toxic free radicals like hydroxyl
radical. Because they can depolymerize polysaccharides,
start lipid peroxidation, inactivate certain enzymes, and break
DNA strands, hydroxyl radicals are harmful. Cell death may
occasionally follow from this[55-57].

CONCLUSION

The impacts of several heavy metals, including arsenic, lead,
cadmium, chromium, and aluminium, on the environment
and living things, mostly humans, were examined in this
review. Effective laws, regulations, and the identification of
regions with elevated heavy metal concentrations are
required. The negative impacts of heavy metals will cause
serious problems in the future if the exposure is not
controlled. Engineering solutions can reduce occupational
exposure to heavy metals. Monitoring exposure and potential
interventions to limit future exposure to heavy metals in
persons and the environment can be a significant step in the
direction of prevention. In order to develop effective
strategies to reduce heavy metal toxicity, national and
international cooperation is essential.Research on the various
heavy metals that can interact with the body is crucial since
occupational toxicology frequently has to deal with the issues
of poisoning with multiple metals at once. Furthermore, the
body's critical metals and harmful metals may interact in
ways that are antagonistic, synergistic, or additive. An
interdisciplinary approach including experts in toxicology,
pharmacology, epidemiology, molecular biology, and other
fields is necessary to address this and other issues pertaining
to the toxicity of heavy metals and their consequences on
health.
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