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Abstract: Heavy metals play essential roles in biological activities as enzyme cofactors in trace
amounts. However, their significance is overshadowed by potential harm in excess. Bio-
accumulation, toxicity, non-biodegradability, and persistence are hallmarks that impact the
environment and human health. Bio-accumulation is critical as metals accumulate in
organisms, posing risks in ecosystems, especially in the food chain. This leads to elevated metal
concentrations in the human food chain. Even at trace levels, heavy metals like lead, mercury,
cadmium, chromium, and arsenic exhibit toxicity, causing various health issues, emphasizing
the need to regulate exposure. Non-biodegradability distinguishes heavy metals; they persist in
the environment, enhancing the risks associated with prolonged exposure and accumulation.
Due to their recognized toxicity, heavy metals are a focus of research. Understanding sources,
pathways, and effects is crucial for effective mitigation strategies. Researchers explore
pollution control, improved industrial practices, and remediation techniques. Anthropogenic
activities, such as industrialization, urbanization, waste disposal, and agricultural practices,
release heavy metals into the environment. This contaminates air, water, and soil, contributing
to environmental and health risks. The present paper discusses the sources and toxicological
effects of various heavy metals.
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1. Introduction

The widespread existence of heavy metals in the environment presents a
significant risk to human health and ecosystems; hence, efforts must be made to
address and reduce their effects. Heavy metals such as mercury (Hg), chromium (Cr),
lead (Pb), zinc (Zn), arsenic (As), cadmium (Cd), cobalt (Co), copper (Cu), and nickel
(Ni) play essential roles in various biological functions, their excessive accumulation
can lead to severe hazards [1]. Heavy metals are necessary for living things to carry
out a variety of biological functions, but larger amounts of these elements can be
hazardous. Toxic metals (like Hg, Cr, Pb, Zn, Cu, Ni, Cd, As, Co, Sn, etc.), precious
metals (like Pd, Pt, Ag, Au, Ru, etc.), and radionuclides (like U, Th, Ra, Am, etc.) are
the three main categories of heavy metals [2,3]. Among the group of metals that are
classified as toxic, heavy metals such as Pb, Cr, Hg, Zn, As, Cd, Co, Cu, and Ni are
released into the environment in unfavorable amounts that are harmful to human health
[4]. Through the food chain, humans and other living things may come into contact
with heavy metals, which can become extremely toxic when they combine with other
environmental variables like water, soil, and air [5]. Heavy metals are toxic,
bioaccumulate, and do not biodegrade, which makes their presence in the environment
a major cause for concern. These characteristics provide heavy metals with detrimental
effects on the environment and human health. The metal ions are generally soluble in
an aqueous medium and do not biodegrade [6]. Toxic metals, therefore, quickly
accelerate and build up in the human food chain. The detrimental impact of heavy
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metals is not confined to environmental degradation alone; it extends to human well-
being. Exposure to toxic metals through contaminated food, water, or air can result in
a range of health issues, including toxicity and carcinogenicity. The significance of
this issue is further magnified by the rapid release of metal-containing wastes into the
environment, both directly and indirectly, during various industrial processes. This
unchecked release poses a direct threat to ecosystems, contributing significantly to
pollution. The detrimental effects of heavy metals are exacerbated when they interact
with other environmental factors [7]. Consequently, the urgent need to address this
issue arises from the fact that heavy metals, being non-biodegradable and poisonous,
have the potential to cause long-lasting and far-reaching consequences [8]. Many
researchers have focused their attention on heavy metals because of their toxicity and
carcinogenicity [9]. Rapid urbanization, industrialization, and human activity release
heavy metals into the environment [10,11]. Metal-containing wastes are either directly
or indirectly released into the environment, endangering ecosystems and causing
major pollution [12,13]. Therefore, before releasing the solid or watery waste into the
environment, these metals must be removed or sequestered.

To safeguard the environment and human health, it becomes imperative to
understand the origins and toxicological consequences of these heavy metals.
Moreover, strategies for the effective removal or sequestration of these metals from
solid or liquid waste before their release into the environment are crucial. This study
delves into the multifaceted challenges posed by heavy metals, shedding light on their
origins, the toxicological implications of several significant heavy metals present in
the environment, and the pressing need for proactive measures to curb their
environmental impact.

2. Sources and toxicological effects of heavy metals

Heavy metals, including lead, mercury, and cadmium, are pervasive
environmental contaminants with diverse sources, such as industrial discharges and
agricultural runoff. Their toxicological effects pose serious health risks, affecting vital
organs and causing long-term harm. Understanding and mitigating heavy metal
exposure are crucial for safeguarding public health and environmental well-being. The
sources and effects of some heavy metals of important heavy metals are presented in
the Table 1.

Table 1. Sources and effects of some heavy metals.

Heavy metals

Sources

Arsenic (As)

Cadmium (Cd)

Chromium (Cr)

Cobalt (Co)

Copper (Cu)

Industrial effluents, fossil fuel, pesticides, fungicides, paint,

dyes textiles industries

Nuclear fission reactor, welding, electroplating, fertilizers,
insecticides, Cd-Noorul Islam Centre for Higher Education
batteries

Rubber, textile, tannery, metallurgical, and photographic
industries

Dyes, mining, decomposition of organic matter and minerals

Pesticides, mining, electronics trash, electroplating

Effects Reference
Hemolysis, hepatomegaly, pneumonia, and dermatitis are [14]
disorders of the nervous system

Renal damage, pneumonia, cancer, gastrointestinal issues, [15]

and bone marrow

Quick hair loss and breathing issues [16]
Wilson’s illness toxicity to development, reproduction, and [17]
nervous system

Failure of the Kidney and Brain Intense anemia and 18]

gastrointestinal discomfort
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Table 1. (Continued).

Heavy metals  Sources Effects Reference
Iron (Fe) Engineering industries Anemia [19]
Vehicle emissions, wastewater, paint, pesticides, mining, and Kidney, liver, digestive system damage, and childhood
Lead (Pb) X L [20]
coal burning mental impairment
Chemical industries, insecticides, batteries, paper industry,
Mercury (Hg) contaminated water, scientific instruments Damage to nervous system 21]
. . Fertilizers, iron-steel, battery, zinc base casting, and Cancers of the lungs, throat, and stomach; immunotoxin;
Nickel (Ni) A . - D S [22]
electroplating industries neurotoxic; genotoxic; hepatotoxic; rapid hair loss
. Refineries, the production of brass, metal plating, painted idol ~ Zinc fumes harm nerve membranes and have a corrosive
Zinc (Zn) . . o . [23]
immersion, and galvanization effect on skin
2.1. Arsenic

Anionic species of arsenate (V) (H2AsOs,—) at pH 2-6 and arsenite (l1I)
(H2AsO3—) at pH 9-12, which exist as oxoanions, are the most prevalent arsenic
species found in water bodies. These have varying effects on the biological system
[24]. Arsenic pollution can be man-made and natural sources. Large-scale
groundwater and hot spring water contamination with arsenic has been reported in
West Bengal, India, as well as in a number of minerals and chemical processes [25,26].
According to WHO estimates, arsenic poisoning alone affects roughly 70 million
people in these regions [27].

Naturally occurring processes such as weathering, fire, volcanic eruption, mineral
ores, long-term geochemical changes, etc., lead to the distribution of arsenic. Also,
from a variety of industrial effluents, such as those from the metallurgical, ceramic,
and smelting sectors; energy generation from fossil fuels; rock sediments; dye; and
industries that manufacture fungicides and pesticides, among others. According to
Balakumar and Kaur [28], arsenic poisoning can result in bronchitis, cardiovascular
failure, gastrointestinal symptoms, abnormalities of the neurological system, bone
marrow depression, hemolysis, hepatomegaly, melanosis, polyneuropathy,
encephalopathy, and liver tumors. The highest amount of arsenic contamination was
0.050 mg/L [29].

2.2. Cadmium

Natural ore deposits contain cadmium as well as zinc, lead, and copper in
common. The main sources of cadmium are released from nickel-cadmium battery,
electroplating, mining, and metallurgy industries. Waste streams from nuclear power
plants also contain undesirable levels of Cd2* ions [30-32]. Other ways to come into
contact with cadmium include welding, usage of pesticides and fertilizers, smoking
cigarettes, and operating smelters. For example, wheat and rice from Cd-polluted
districts of Japan have Cd levels of approximately 1 mg/kg, which is ten times higher
than global averages [33]. The maximum amount of lead that the EPA allowed in
drinking water was 0.005 mg/L. The WHO determined that a man’s daily acceptable
consumption of lead was 0.06 mg, while a woman was 0.07 mg.

Cadmium has toxic influence mainly on respiratory system, bones and kidneys.
It can cause fatal renal failure, osteoporosis, osteomalacia, lungs diseases, bone
lesions, gastrointestinal disorder, bronchitis and cancer. The characteristic symptoms
of acute Cd poisoning in many patients includes the loss of the sense of smell, weight
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loss, hypertension, pulmonary edema, headache, nausea, vomiting and diarrhea
[34,35]. Long-term exposure of Cd leads to kidney problems, affects the human bones
resulting in Itai Itai disease [36]. Heavy metals like Cd affects mineral assimilation,
physiological and biochemical characteristics of plant, it also retards plant growth
[37,38].

2.3. Chromium

One of the most dangerous heavy metals that is frequently discovered in
industrial effluent is chromium. The two primary chromium oxidation states found in
water are trivalent chromium (Cr (I11)) and hexavalent chromium (Cr (V1)). The most
poisonous element is thought to be Cr (VI), which is typically found in oxygen as
chromate or dichromate ions. Because of its mutagenic and carcinogenic qualities, the
hexavalent form of chromium is regarded as a group “A” human carcinogen [39].

Exposure to chromium occurs when human skin comes into touch with chromium
or its compounds, as well as when breathing, ingesting, or drinking chromium. Food
components that contain chromium (I1l) are the primary source of chromium
absorption because many fruits, vegetables, meats, cereals, yeasts, and vegetables
naturally contain chromium (I11). The production of dyes, paints, and pigments, film
and photography, wood preservatives, galvanometry, steel fabrication, canning, textile
dyeing, leather tanning, electroplating, metal cleaning, and finishing industries are
among the industries that frequently release Cr (VI) into water bodies through
wastewater [40]. Approximately 100 mg/L of Cr (V1) is present in the electroplating
industry’s untreated effluent; nevertheless, De Filippis and Pallaghy [41] reported that
0.05 to 1 mg/L was the allowable limit. The element chromium is extremely toxic and
carcinogenic. Chromium (V1) inhalation might result in nosebleeds and irritations.
Trace levels of chromium exposure can result in genetic material changes that can lead
to lung tumors and cancer, as well as allergic dermatitis, nausea, vomiting, severe
diarrhea, respiratory issues, compromised immune systems, damage to the kidneys
and liver, and altered kidney and liver function [42—44].

2.4. Cobalt

Cobalt is a component of vitamin B12, or cobalamin, which is vital to human
health. However, cobalt may have a greater impact on human health. Cobalt is a metal
that is frequently utilized in radioisotope therapy, turbines, alloys, electronics, and
porcelain [45]. Plants that are produced in polluted soil or that receive greater irrigation
levels of cobalt acquire the metal, which then finds its way into the food chain that
feeds humans. Increased cobalt consumption may result in anemia, cardiac problems,
vomiting, nausea, thyroid damage, and visual problems [46].

High copper intake causes severe mucosal irritation, neurotoxicity, toxicity to
reproduction and development, upset stomach and ulcer, hepatic irritation, irritation
of the central nervous system followed by depression, gastrointestinal irritation, and
potentially necrotic changes in the liver and kidneys [47]. Wilson’s disease, which
damages the liver and brain, can also be brought on by persistent copper poisoning
[48]. It has been reported to accumulate in the liver, pancreas, brain, skin, and
myocardium [49,50].
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2.5. 1ron

There are two forms of iron: ferrous iron (Fe?") which is soluble and ferric
particulate iron (Fe**) which is insoluble. Iron is typically found in water in its ferric
condition. The disintegration of rocks and minerals, acid mine drainage, landfill
leachate sewage, or the engineering industries may be the cause of iron in natural
water. When iron concentrations surpass 0.1 mg/L, fish gills will also be harmed. The
free radicals have a brief lifespan and are very reactive. The iron on the gill surface
produces free radicals that oxidize the surrounding tissue, severely damaging the gill
tissue and resulting in anemia [19].

2.6. Lead

Lead is found in nature in three different oxidation states: Pb (0), Pb (1), and Pb
(V). Lead is found in mineral formations. Of them, lead (l1) is the most prevalent and
readily bioaccumulates via the food chain. It is frequently linked to other heavy metals
like zinc, copper, mercury, and zinc. Pb comes from a variety of sources, such as
vehicular emissions from vehicles, mining, burning coal and plastics, battery
manufacturing industry effluents, gasoline additives, fertilizer, pesticides, paint,
pigments, alloys, and sheets, among others. Pb in drinking water was allowed to be as
low as 0.015 mg/L [51].

Lead exposure has lot of negative health impacts, including reduced fertility,
cardiovascular disorders, impaired renal function, and neurodevelopmental
abnormalities [52]. Kidney illnesses as well as problems with the brain system and
circulatory system are the main signs of lead poisoning. This causes anemia, brain
damage, anorexia, malaise, loss of appetite, delirium, sleeplessness, convulsions,
seizures, gastrointestinal damage, and mental retardation in children [53]. Although
lead can be absorbed through the skin, the digestive and respiratory systems absorb
the majority of it. Pb exposure can cause oxidative, inflammatory, and immune-
modulating illnesses, as well as respiratory, urinary, and cardiovascular problems.
Additionally, Pb poisoning has been connected to delayed physical or mental
development as well as a lower intelligence quotient (1Q), particularly in children with
attention span and learning deficiencies. According to Jarup [30], further symptoms
include encephalopathy, kidney failure, headaches, and stomach pain.

2.7. Mercury

The primary cause of pollution is the process of producing mercury. Mercury was
commonly used as softening agent for various materials. One of the most hazardous
elements in the environment and the strongest neurotoxins is mercury. Industries such
as paints, paper and pulp, oil refining, volcanic eruptions, spontaneous forest fires,
biogenic emissions, burning fossil fuels, mining, metallurgical processes,
pharmaceutical and battery manufacturing, rubber processing, thermometers,
fluorescent light tubes and high intensity streetlamps, fertilizer, pesticides, and
cosmetics are the main sources of mercury pollution in the environment [54]. Mercury
gradually builds up in people and other animals once it enters the food chain. Mercury
even has fumes that are easily absorbed by mucous membranes, the skin, and the
respiratory system. They can also harm the kidneys, neurological system, circulatory
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system, and endocrine system. The tongue, teeth, and gums are also impacted due to
the organism’s invasion route. According to Boening [55], Manohar et al. [56], and
Morel et al. [57], mercury can induce dermatitis, rheumatoid arthritis, deterioration of
the skin, eyes, and muscles, dyspnea, pulmonary function impairment, and
neurological and renal abnormalities. Prolonged exposure to mercury fumes damages
the brain severely and can even be fatal [58,59]. Additionally, genetic abnormalities
brought on by Mercury can result in chromosome splitting and disruption during cell
division, which can lead to an aberrant distribution of chromosomes. Mercury
contamination can reach a maximum of 0.00003 mg/L [29].

2.8. Nickel

As a necessary heavy metal, nickel takes part in a number of metabolic processes,
including acidogenisis and ureolysis. According to Akhtar et al. [60] and Farooq et al.
[61], the primary sources of Ni (Il) released into the environment are industrial
discharges from electroplating units, magnets, steel alloys, silver refineries, aircraft
industries, coinage, zinc base casting, battery manufacturing plants, paint formulation,
porcelain enameling, mining and metallurgy, copper sulphate manufacture, and steam-
electric power plants.

The maximum allowable concentration of Ni?* in drinking water, as
recommended by the WHO, is 0.07 mg/L. Large-scale nickel consumption has a
negative impact on human health, causing birth deformities, a variety of allergic
reactions, heart problems, bronchial bleeding, nausea, lethargy, and dizziness.
Prolonged exposure to nickel can also cause pulmonary fibrosis, gastrointestinal
distress, skin dermatitis, lung and prostate malignancies, neurotoxicity,
nephrotoxicity, immunotoxicity, and reproductive toxicity [62]. The most common
consequence of nickel exposure, such as coins and jewelry, is dermatitis, which
manifests as itching, red skin, and rashes [63].

2.9. Zinc

Zinc is a micronutrient that is vital to bioorganisms. Zinc (11) is the most prevalent
oxidation state of zinc found in nature. The production of bronze, zinc-based alloys,
stabilizers, thermoplastics, pigment formation, battery manufacturing, municipal
wastewater treatment facilities, and galvanization which is the process of applying
anti-corrosion coatings to steel—are among the main causes of zinc pollution in
wastewater. The production of rubber, paints, wood preservatives, dry cell batteries,
ointments, glass, ceramics, and coatings for other metals including steel and iron are
further sources. Zn is also frequently employed as an addition in the paint, plastic,
pharmaceutical, and cosmetics sectors. Metal plating, home wastewater,
manufacturing of metal, and atmospheric precipitation are the main sources of zinc
pollution in water. For men and women, respectively, the Recommended Dietary
Allowance (RDA) for zinc is 11 mg/day and 8 mg/day. Zn has the highest permissible
level among other heavy metals, 5 mg/L, determined by the EPA as the maximum
limit in drinking water. Zinc pollution exposure can result in corrosive effects on skin,
damage to nerve membranes, nausea, vomiting, and cramping in the stomach [64].
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2.10. Heavy metal removal

Heavy metals were extracted from wastewater and effluents using a variety of
techniques. Chemical precipitation, oxidation-reduction [65], filtration, lime
coagulation, ionic exchange [65], electrochemical treatment [66], membrane
techniques, solvent extraction, adsorption on activated carbon, evaporation, etc. are
some of the techniques used to remove the metal ions from aqueous solution [67].
However, these methods are costly and lead to a partial removal of metal. However,
these methods are costly and leave behind some metal [68].

Because of its crucial use, using the biological pathway to control, sequester, and
remove metal pollution has received a lot of attention in recent years and is steadily
becoming a hot topic in the field of metal pollution control. One such technique is
biosorption, which removes hazardous heavy metals from wastewater or effluents by
using a variety of naturally occurring materials with a biological origin [69,70]. Low
operating costs, environmental friendliness, ease of use, high metal removal efficiency
from diluted solutions, minimal chemical and/or biological sludge, no additional
nutrient requirements, biosorbent regeneration, and the potential for metal recovery
are the main benefits of biosorption over conventional treatment methods [16]. In
place of more traditional techniques, biosorption for the removal of heavy metal ions
may offer an alluring option [71].

3. Conclusion

Due to rapid industrialization and technological advancements, heavy metals are
released into the environment from a variety of sources, endangering both human
health and the environment. The study covered the origins, effects, and implications
of a few heavy metals. We are currently dealing with a major problem with heavy
metal contamination, which can be eliminated by employing organic material.
Because of its availability, ability to complete the reaction process, and
biodegradability, the technigue—known as biosorption—is shown to be effective.

Conflict of interest: The author declares no conflict of interest.
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