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ABSTRACT

Natural elements with a high atomic weight and a density greater than five times that of water are known as heavy
metals. They are widely disseminated in the environment due to their numerous industrial, household, agricultural,
medical, and technical applications, raising worries about their potential effects on both human health and the
environment. The dosage, method of exposure, chemical species, as well as the exposed person's age, gender, heredity,
and nutritional status, all have an impact on how dangerous these compounds are. Arsenic, cadmium, chromium, lead,
and mercury are among the priority metals of public health concern due to their severe toxicity. These metallic
substances are regarded as systemic toxins that can harm different organs even at low exposure levels. The International
Agency for Research on Cancer has classed them as human carcinogens as well. This study examines the prevalence,
production, and usage of these chemicals in the environment as well as the possibility of human exposure and the
molecular mechanisms of toxicity, genotoxicity, and carcinogenicity.
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l. INTRODUCTION

Soil erosion of metal ions and leaching of heavy metals, sediment re-suspension, and metal evaporation from
water sources to soil and groundwater. Natural processes such as weathering and volcanic eruptions have been connected
to heavy metal pollution, plastics, textiles, microelectronics, wood preservation, and paper-producing companies [4].
Metals including cobalt (Co), copper (Cu), chromium (Cr), iron (Fe), magnesium (Mg), manganese (Mn), molybdenum
(Mo), nickel (Ni), selenium (Se), and zinc (Zn) have been recognized as essential nutrients for a number of biochemical
and physiological functions. Deficiency diseases and syndromes are caused by a lack of specific micronutrients [5]. Heavy
metals are classed as trace elements because they occur in tiny concentrations (ppb range to less than 10ppm) in a variety
of environmental matrices. Temperature, phase association, adsorption, and sequestration are the physical factors
influencing their bioavailability [6]. Chemical variables, including speciation at thermodynamic equilibrium, complexation
kinetics, lipid solubility, and octanol/water partition coefficients, play a role. Biological factors such as species
characteristics, trophic relationships, and biochemical/physiological adaptation play a role.

Source: https://capital.com/zinc-price-forecast
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Heavy metals are defined as metallic elements with a density greater than water. Heavy metals also include
metalloids like arsenic, which can produce toxicity at low levels of exposure, based on the idea that heaviness and toxicity
are related [1]. In recent years, environmental contamination caused by these metals has become a rising environmental
and global public health hazard. Furthermore, human exposure has expanded significantly due to an exponential
development in their use in a range of industrial, agricultural, residential, and technological applications. Heavy
environmental metals can be found in geogenic, industrial, agricultural, pharmaceutical, residential effluents, and
atmospheric sources. Mining, foundries and smelters, and other metal-based industrial operations, are extremely
contaminated point sources [2]. Although heavy metals are naturally found throughout the earth's crust, anthropogenic
activities such as mining and smelting, industrial production and use, as well as domestic and agricultural use of metals and
metal-containing compounds, are responsible for the majority of environmental contamination and human exposure [3].
Environmental contamination can be caused by metal corrosion, air

1. HEAVY METALS OF SIGNIFICANCE TO PUBLIC HEALTH

Various factors, including the dose and mode of exposure, affect the amount of danger a metal provides. Metals
have a variety of effects on animals. Within a single species, age, gender, and genetic predisposition all have a role in
toxicity. On the other hand, certain heavy metals are a major source of concern since they can affect various organ systems
even at modest doses. These metals include:

Copper
Arsenic
Cadmium
Chromium
Lead

e  Mercury

I1l.  ROLE OF COPPER ON ENVIRONMENT AND HEALTH

Important heavy metals have biochemical and physiological functions in plants and animals. They areimportant
components of several key enzymes and play important roles in a number of oxidation-reduction reactions [9]. Copper is
required as a cofactor for several oxidative stress-related enzymes, including catalase, superoxide dismutase, peroxidase,
cytochrome ¢ oxidases, ferroxidases, monoamine oxidase, and dopamine -monooxygenase. As a result, it is present in a
number of metalloenzymes involved in the production of hemoglobin, glucose metabolism, catecholamine biosynthesis,
collagen, elastin, and hair keratin cross-linking. Copper's ability to cycle between an oxidized state, Cu(ll), and a reduced
state, Cu(l), is used by Cuproenzymes in redox reactions (). Copper, on the other hand, is potentially harmful because
transitions between Cu(ll) and Cu(l) might result in the creation of superoxide and hydroxyl radicals. In humans, excessive
copper exposure has been linked to cellular damage, culminating in Wilson disease. Several other important elements, such
as copper, are required for biological function; nevertheless, excessive concentrations of these metals harm cells and
tissues, resulting in a variety of negative consequences and human disorders. For certain elements, such as chromium and
copper, the concentration range between beneficial and harmful effects is relatively narrow.

Heavy metals have been found to alter cell membranes, mitochondria, lysosomes, endoplasmic reticulum, nuclei,
and numerous enzymes involved in metabolism, detoxification, and damage repair in biological systems. Metal ions have
been demonstrated to interact with cell components, including DNA and nuclear proteins, causing DNA damage and
conformational changes that can result in cell cycle regulation, cancer, or death.

According to several studies, oxidative stress and the production of reactive oxygen species (ROS) have a crucial
role in the toxicity and carcinogenicity of metals such as arsenic, cadmium, chromium, lead, and mercury from our lab.
Due to their extreme toxicity, these five elements are among the priority metals with substantial public health concerns.
They're all systemic poisons that, even at modest levels, have been demonstrated to affect a variety of organs.

The United States Environmental Protection Agency (US EPA) and the International Agency for Research on
Cancer (IARC) have classified these metals as "known™ or "probable™ human carcinogens based on epidemiological and
experimental studies showing a link between exposure and cancer incidence in humans and animals. A multitude of
processes, some of which are unknown, compound heavy metal-induced toxicity and carcinogenicity. On the other hand,
each metal has unique physicochemical properties that contribute to its unique toxicological modes of action. The
presence, production, and use of arsenic, cadmium, chromium, lead, and mercury in the environment, as well as the
potential for human exposure and molecular
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IV. ROLE OF ARSENIC ON ENVIRONMENT AND HEALTH

Arsenic is a common element that may be found in trace amounts in nearly all environmental matrices. Trivalent
arsenite and pentavalent arsenate are the two most common inorganic forms of arsenic. Monomethylarsonic acid (MMA),
dimethylarsinic acid (DMA), and trimethylarsine oxide are the organic forms of methylated metabolites. Arsenic poisoning
in the environment is caused by natural phenomena such as volcanic eruptions, soil erosion, and human activities.
Insecticides, herbicides, fungicides, algicides, sheep dips, wood preservatives, and dyestuffs are a few examples of arsenic-
containing compounds used in industry. They've also been used in veterinary medicine to eliminate tapeworms in sheep
and cattle. Arsenic compounds have been used in medicine for at least a century to treat syphilis, yaws, amoebic dysentery,
and trypanosomiasis. Arsenic-based drugs are still used to treat tropical diseases, including African sleeping sickness and
amoebic dysentery, as well as parasitic infections like filariasis in dogs and blackhead in turkeys and chickens. Arsenic
trioxide was recently approved by the Food and Medication Administration as an anticancer drug for the treatment of acute
promeylocytic leukaemia. The therapeutic benefits of leukaemia cells are assumed to be due to the induction of
programmed cell death (apoptosis). Contamination with high levels of arsenic is a cause for concern, as arsenic has a
number of harmful health effects. Several epidemiological studies have discovered a significant association between
arsenic exposure and an increased risk of cancer and other systemic health repercussions Large populations in West
Bengal, Bangladesh, Thailand, Inner Mongolia, Taiwan, China, Mexico, Argentina, Chile, Finland, and Hungary have
been exposed to high levels of arsenic in their drinking water, resulting in a variety of clinicopathological conditions such
as cardiovascular and peripheral vascular disease, developmental anomalies, neurologic and neurobehavioral disorders.

The cardiovascular, dermatologic, neurological, hepatobiliary, renal, gastrointestinal, and pulmonary systems are
all affected by arsenic poisoning. According to the study, several places with arsenic exposure had considerably higher
standardized mortality rates for bladder, kidney, skin, and liver cancers. The severity of arsenic's negative health effects is
determined by the chemical type, time, and dose. Although there is substantial evidence that arsenic causes cancer in
humans, the mechanism by which it does so is uncertain.

V. ROLE OF CADMIUM ON ENVIRONMENT AND HEALTH

Cadmium is a pulmonary and gastrointestinal irritant that can be lethal if breathed or consumed. Abdominal
discomfort, burning feelings, nausea, vomiting, salivation, muscular cramps, vertigo, shock, loss of consciousness, and
convulsions are common 15 to 30 minutes after acute consumption. Acute cadmium poisoning can cause gastrointestinal
tract erosion, lung, hepatic, or renal damage, and coma, depending on the route of poisoning. Chronic cadmium exposure
reduces brain levels of norepinephrine, serotonin, and acetylcholine. According to a study, chronic cadmium inhalation
causes lung adenocarcinomas in animals. It can cause proliferative prostatic lesions, including adenocarcinomas, after
systemic or direct exposure.

Cadmium compounds have been classified as human carcinogens by a number of regulatory agencies. According
to the International Agency for Research on Cancer and the National Toxicology Program of the United States, cadmium is
a human carcinogen. Several findings linking occupational cadmium exposure to lung cancer and exceptionally strong
rodent data identifying the pulmonary system as a target location has led to this categorization as a human carcinogen [29].
As a result, in humans, cadmium carcinogenesis is most clearly shown in the lungs. The adrenals, testes, and hemopoietic
system are all targets of cadmium carcinogenesis in animals and injection sites. Several studies have connected cadmium
exposure at work or in the environment to prostate, kidney, liver, hematological system, and stomach cancers. DNA
damage induced by base-pair mutation, deletion, or oxygen radical assault on DNA has been related to arsenic, cadmium,
chromium, and nickel, among other carcinogenic metals. Animal studies have shown that it has reproductive and
teratogenic effects. In limited epidemiologic studies, cadmium levels in cord blood, maternal blood, and maternal urine
have been associated with neonatal weight and length.

VI. ROLE OF CHROMIUM ON ENVIRONMENT AND HEALTH

Chromium (Cr) is a naturally occurring element that has oxidation states ranging from chromium (Il) to
chromium (I11) (VI). Chromium compounds in the trivalent [Cr(l11)] form are stable and may be found in ores like
ferrochromite. The hexavalent [Cr(VI)] form is the second most stable state. In nature, the element chromium [Cr(0)] does
not exist. Chromium is released into the environment via a variety of natural and anthropogenic sources (air, water, and
soil), with industrial businesses releasing the most. The industries that contribute the most to chromium release include
metal processing, tannery facilities, chromate manufacture, stainless steel welding, and ferrochrome and chrome pigment
production. Chromium emissions into the air and wastewater, especially from the metallurgical, refractory, and chemical
industries, have been linked to rising chromium concentrations in the environment. The hexavalent form is the most
prevalent form of chromium released into the environment by human activities [Cr(VI)]. Hexavalent chromium [Cr(V1)] is
a harmful industrial contaminant that has been recognized by a number of regulatory and non-regulatory bodies as a human
carcinogen. The oxidation state of chromium determines the health risk associated with exposure, ranging from negligible
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toxicity in the metal form to severe toxicity in the hexavalent form. Because only Cr(I11) occurs naturally in air, water, soil,
and biological materials, all Cr(\VI1)-containing compounds were thought to be man-made at first.

However, naturally occurring Cr(VI) at levels greater than the World Health Organization's drinking water
guideline of 50 g Cr(VI) per liter has recently been detected in ground and surface waters. Because chromium is widely
used in a variety of industrial processes, it is a contaminant in many environmental systems. Chromium compounds are
used commercially in industrial welding, chrome plating, dyes and pigments, leather tanning, and wood preservation.
Chromium is also an anticorrosive in cooking systems and boilers.

High levels of chromium (VI) in the air might irritate the nasal lining and lead to ulcers. The most prevalent
health issues documented in animals after eating chromium (V1) compounds are stomach and small intestine irritation and
ulcers, anemia, sperm destruction, and male reproductive system damage. Chromium (l11) compounds are far less
poisonous and do not appear to cause the same problems. Certain persons who are extremely sensitive to chromium(V1) or
chromium(l11) have experienced allergic symptoms such as severe redness and swelling of the skin. Humans and animals
exposed to chromium(VI) drinking water were more likely to develop stomach cancer. People who died or lived as a
consequence of medical treatment had severe respiratory, cardiovascular, gastrointestinal, hematological, hepatic, renal,
and neurological symptoms after ingesting extraordinarily high doses of chromium (V1) compounds. Despite abundant
evidence of chromium's carcinogenicity in humans and terrestrial animals, the precise mechanism by which it causes
cancer remains unclear.

VIl. ROLE OF LEAD ON ENVIRONMENT AND HEALTH

Lead is a bluish-grey metal found in tiny amounts throughout the earth's crust. Although lead is naturally
prevalent in the environment, human activities such as fossil fuel combustion, mining, and manufacturing contribute to the
release of high quantities Lead has a wide range of applications in industry, agriculture, and the household. It is presently
used to make lead-acid batteries, ammunition, metal goods (solder and pipes), and X-ray shielding devices.

The main pathways of lead exposure include inhalation of lead-contaminated dust particles or aerosols and
consumption of lead-contaminated food, drink, and paints. Adults absorb 35 to 50% of the lead in their drinking water,
while children may absorb up to 50%. Lead absorption is influenced by a variety of factors, including age and
physiological condition. The kidney absorbs the most lead in the human body, followed by the liver and other soft tissues,
including the heart and brain; nonetheless, the skeleton absorbs the bulk of the lead The neurological system is the most
sensitive when it comes to lead toxicity. Headaches, low attention span, irritability, memory loss, and dullness are some
symptoms of lead poisoning in the central nervous system.

VIIl. ROLE OF MERCURY ON ENVIRONMENT AND HEALTH

Mercury is a heavy metal that belongs to the periodic table's transition element series. It's one of a kind in that it
may be found in three different forms in nature (elemental, inorganic, and organic), each with its own toxicity profile [52].
Elemental mercury is a liquid with a high vapour pressure that is discharged into the atmosphere as mercury vapour at
ambient temperature mercury also exists as a cation with oxidation states of +1 (mercurous) or +2 (mercurous) (mercuric).
Methylmercury is the most frequent form of mercury found in the environment, and microorganisms produce it in soil and
water, methylating inorganic (mercuric) forms of mercury. Mercury is a prevalent toxin and pollutant in the environment
that produces major alterations in human tissues and many detrimental health effects. People and animals are exposed to a
variety of chemical forms of mercury in the environment. Among these are mercury vapour (Hg0), inorganic mercurous
(Hg+1), mercuric (Hg+2), and organic mercury compounds. Humans, plants, and animals are exposed to mercury in some
way since it is so widespread in the environment.

Humans are exposed to numerous kinds of mercury through accidents, environmental pollution, food
contamination, dental treatment, preventative medical procedures, industrial and agricultural operations, and occupational
activities. The two most prevalent chronic, low-level mercury exposure sources are dental amalgams and fish consumption.
Natural off-gassing from the earth's crust and industrial pollution introduce mercury into water. Algae and microorganisms
in the streams methylate mercury. Methyl mercury then makes its way up the food chain, eventually ending up in fish,
shellfish, and humans.

IX. CONCLUSION

Heavy metals like arsenic, cadmium, copper, chromium, lead, and mercury are naturally present, according to a
thorough examination of published data. However, anthropogenic activities have a huge impact on environmental
pollution. These metals are systemic toxins that have been linked to a number of malignancies, hematologic and
immunologic disorders, diabetes, hearing loss, developmental abnormalities, neurologic and neurobehavioral problems,
and heart disease in humans. Ingestion, inhalation, and skin contact are the three most common exposure methods. The
type of heavy metal used, its chemical form, the duration, and the amount all affect how severe the adverse health impacts
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are. Because speciation is regulated by valence state, particle size, solubility, biotransformation, and chemical form among
other factors, it is crucial in metal toxicokinetics and toxicodynamics. Numerous studies have linked human exposure to
hazardous metals to long-term health effects. Less is known about the health impacts of hazardous combinations, despite
the fact that the acute and long-term effects of single metals are widely documented. Recent studies suggest that these
detrimental ions might obstruct the metabolism of nutrients such iron, calcium, copper, and zinc [62]. Studies on the
combined toxicity of heavy metals are lacking, nevertheless. Multiple heavy metal exposures can have detrimental effects
that are cumulative, antagonistic, or synergistic. The co-exposure to metal/metalloid combinations of arsenic, lead, and
cadmium showed more severe effects at both relatively high and low dose levels in a biomarker-specific manner,
according to a recent analysis of many individual studies that addressed metal interactions. The dose, duration of exposure,
and genetic variables all had an impact on these results.

In addition, combined exposure to inorganic arsenic and cadmium in humans caused more severe kidney damage
than either substance alone. Chronic low-dose exposure to a wide range of elements in a wide range of metal-contaminated
places poses a serious risk to the public's health. To identify health risks and regulate chemical interactions, one needs to
understand the molecular basis of heavy metal interactions. Therefore, more investigation is required to better understand
the molecular mechanisms underlying human exposure to risky metal combinations and their effects on the general public
health.
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