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1.0 Introduction

Water is the most important commodity on the planet, and it is essential for all living organisms in its purest form
because it makes up the bulk of living tissues, and life cannot exist without it [1]. Heavy metals have been released
into the environment because of poor industrial waste disposal on land and in bodies of water because of intense
industry, unplanned urbanization, in the ecosystem, as well as other natural and manmade activities. This has been a
big source of concern in terms of safe and drinking water [2]. With increasing population and industrialization, the
demand for pure water continues to rise. Drinking water is scarce in many parts of the world, making water
contamination a recent source of concern for the entire world. The quality of water resources has been compromised
by a variety of contaminants discharged from various sources. To be more specific, heavy metal discharge contributes
greatly to water pollution [3]. Heavy metals are a collection of naturally occurring metals with high densities (3.5-7
g/cm?) and atomic weights > 23 or atomic numbers > 20 that have high densities [2]. Metals and metalloids have been
extracted from minerals for millennia and have been used by mankind, are among them. Heavy metals are classed as
such because of their large atomic weight or density. They are harmful to both the environment and people. Some
heavy metals, on the other hand, are rarely hazardous [4]. Heavy metal concentrations (see Fig. 1) can be naturally
high in some areas due to geogenic factors, some heavy metals are micronutrients, while others are non-essential
heavy metals [5]. Heavy metals are a unique class of contaminants found in water reservoirs. Because they do not
filter themselves out of water, but rather concentrate in reservoirs and penetrate the food chain, they have a strong
ecological impact. Metal levels are frequently indicated by a surge in metal concentrations in a reservoir's bottom
sediment [6, 7]. Heavy metal contamination can be found in soil, water, and the atmosphere, among other places.
Because of their substantial inhibitory effects on biodegradation activities, heavy metals are directly linked to
environmental pollution and biological toxicity issues [8]. The presence of heavy metals in wastewater released from
laboratories and industry is a major source of environmental concern. They are persistent environmental pollutants
that cannot be completely biodegraded and must instead be converted into harmless forms. The stream remains
unsuitable when these metal ions are present at excess amounts in an aqueous discharge due to the negative effects
associated with ingestion [9].
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Sources of water contamination by heavy metals

1.1 Properties of heavy metal

Most of the metals have a lower level of reactivity than lighter metals and usually have a higher density. In the Earth's
crust, they are comparatively scarce/less plentiful. They are incredibly tough and difficult to cut. Heavy metals have
a low thermal expansivity and a high tensile strength, and their melting points range from low to high. In hydroxides,
they are normally insoluble, and in sulphides, they are exceedingly insoluble. Heavy metal complexes are mostly
colourful. As a result, create coloured water solutions. Heavy metals are micronutrients that must be consumed in
small amounts, whereas light metals must be consumed in higher amounts [10]. They are one of the longest-lasting
contaminants in wastewater. Because they are non-biodegradable and poisonous, they persist in wastewater [11].
Unlike many organic pollutants, which disintegrate to H,O and CO,, heavy metals begin to rack up in the environment,
particularly in lake, estuary, and marine sediments [12].

Heavy metals form water-soluble complexes when they mix with anions. Because of their high solubility, these
complexes can be transported and bioaccumulation in a range of animals, particularly in the aquatic biome, transported
to other areas, and thus contributing to their toxicity [13]. Heavy metals should be handled with care because some
are less reactive than others. Heavy metals pollute the air, water, and soil, causing health issues in plants, animals, and
humans. Heavy metals are non-biodegradable and unable to degrade. They have a long lifespan in the soil. Heavy
metals bioaccumulate in the system when they are eaten or inhaled by humans. As a result, they are considered
dangerous. Some heavy metals are considered essential elements because they are necessary for survival. The
necessary elements are required for the creation of skeletal structures, the regulation of acid-base equilibrium, and the
preservation of the colloidal system. They also play a role in the production of essential enzymes, structural proteins,
and hormones. They can, however, be poisonous in excessive quantities, as seen in Fig. 2. They have infiltrated our
atmosphere, waterways, and soils [14].

The principal elements required by the body, macrominerals, and trace elements are divided into three categories:

e  The basic blocks of most biological stuff require four important main components. According to their atomic
number, these are nitrogen, hydrogen, oxygen, and carbon.

o The macrominerals are a group of seven key elements that are necessary for the ionic balance of structural
molecules, nucleic acids, and amino acids to be maintained. These elements are sodium, chlorine,
magnesium, sulphur, potassium, phosphorous and calcium based on their atomic mass.

e  The trace elements are made up of thirteen elements with atomic numbers of chromium, copper, iodine, iron,
silicon, arsenic, nickel, vanadium, molybdenum, manganese, cobalt, selenium, and zinc [15].

Although non-essential metals have no role in the body, they can cause toxicity by lowering the body's level of a vital
element. Nuclear proteins and DNA have been shown to interact with heavy metals, causing damage at specific sites.
They have also been discovered to activate signalling pathways [15].

The following is a list of heavy metals in order of their toxicity to living species: Silver > Copper > Zinc > Nickel
> Lead > Cadmium > Chromium > Stannum > Iron > Manganese > Aluminium. They stop biodegradation from
happening. Each heavy metal has a different composition, physical qualities, and chemical structure. Arsenic,
Manganese, Nickel, Titanium, Molybdenum, Vanadium, Chromium, Iron, Zinc, Silver, Copper, Cadmium, Tin,
Cobalt, Platinum, Gold, Mercury, and Lead are a group of heavy metals that have densities more than 5 g/cm? and are
more commonly found in our daily lives [15].
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Fig 1. The correlation between an individual's performance and the concentration of a heavy metal [15]

1.2 Uses of heavy metals

Heavy metals are employed in a range of industrial, residential, and agricultural processes in modern cultures, and
their production and consumption are on the rise [4]. The typical usage of heavy metals is determined by general
features such as electrical conductivity and reflection. Other common properties include density, strength, and
durability. Life and ecosystems require a wide range of heavy metals, they are required to keep the body's metabolism
running smoothly [16]. Other applications are dependent on the element's quality, such as its biological role as
nutrients or toxins, or other atomic qualities. Sport, mechanical engineering, military ordnance, and nuclear physics
are some of the other applications that take advantage of their comparatively high density. When maximum weight in
a compact space is necessary, in boats, heavy metals are employed as ballast and airplanes, and other motor vehicles,
as well as in balancing weights on wheels, gyroscopes, propellers, and centrifugal clutches. Tungsten and uranium are
employed in military ordnance to make armour plating, armour penetrating missiles, and nuclear weapons, more
effective. Heavy metals are used in linear accelerators and radiotherapy applications for radiation shielding and beam
focusing. Different heavy metals have recently been used as the core atom in artificially constructed "bioinorganic"
catalysts for specific chemical reactions. Heavy metals are important in the hydrosphere because they interact with
geologically produced soil/sediment samples, which might affect biological processes.

1.3 Impacts of heavy metals

Water pollution is proportional to the number of pollutants present. As a result, the quality of both subsurface and
surface water must be monitored on a frequent basis. The potential risks of heavy metals have sparked worldwide
concern due to their stability, accumulation, and biological amplification. Heavy metal contamination is a severe
environmental problem in many regions, especially rich ones, despite increasingly stringent environmental protection
regulations in recent decades [17]. According to a recent study conducted by the European Environment Agency
(EEA), estimated that, heavy metals are still present in high concentrations in 75-96 percent of European waters.
Heavy metal toxicity in drinking water causes fatigue, affects the nervous system, and has a severe impact on mental
health. Heavy metal toxicity can also cause changes in blood composition and damage to key organs such as the liver
and kidneys. Long-term exposure to these heavy metals can cause muscle, musculoskeletal, and neurological damage,
as well as diseases like muscular dystrophy (skeletal muscle weakening), Alzheimer's disease (brain problem),
Parkinson's disease, and multiple sclerosis [18]. Any heavy metal that is present more than the allowed limits in
drinking water might cause poisoning. Therefore, heavy metal toxicity in water should be investigated, and various
solutions for dealing with contaminated water should be applied to limit the risk of health problems [19]. There are
around 50 elements classified as heavy metals, with 17 being the most dangerous. The level of toxicity is determined
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by the metal, its functions, and the species that are exposed to heavy metal. Metal poisoning causes DNA damage,
sulphydryl homeostasis disturbance, and lipid peroxidation by releasing free radicals. In farm, residential,
pharmaceutical, and manufacturing settings, heavy metals can enter the body through swallowing contaminated food,
inhaling contaminated air, drinking contaminated water, and skin contact [15].

Atmospheric emission &
continental/volcanic

Natural Sources of heavy
metals in soil/food crops

Weathering of metal

- riched rocks
Sources (anthropogenic) of

heavy metals in soil/food crops

Energy intensive

Industries (thermal power

plant-emitting flue gas & s e, i L

wastewater) based on Coal Vehicular pollution Modern intensive

mines industries (source of PM) from Sewage/sludge agriculture
transportation sources pollution from

residential sources

Irrigation/amendements with sewage

water/sludge & SOLID WASTE

FOLIAR

UPTAKE
heavy metalf:g\
& cuticle

SOIL

- CONTAMINATION PERTURB
g" ' e with HEAVY METALS CROPS &
; via CUCLE seriaabe mraeoar —— HUMAN
" P +F - — HEALTH
W ST b S S S AN Heavy metals via
- : E Rt w2 :'-_ =i Vacuole
ROOT UPTAKE ' ' o oy e via Stomata

Fig. 2. Natural and anthropogenic sources of heavy metal contamination and mechanisms of their entrance with
resulting impacts on biota and humans [20]

2.0 Sources of heavy metals
Heavy metal can be split into two categories based on its natural and human sources. They primarily end up in soil,
water, air, and the contact between them.

2.1. Natural sources

Several investigations have identified various natural heavy metal sources. Natural heavy metal emissions occur under
a variety of different and unique environmental conditions. This could be due to a variety of natural geographical
phenomena, such as rock weathering, mineral degradation, forest fires, volcanic eruptions, biogenic sources, sea-salt
sprays, evaporation from soil and water surfaces, and wind-borne soil particles. Natural heavy metal emissions are a
local and worldwide environmental hazard that must be addressed. Every year, about 1.72107 kg As Volcanic ash was
released, while the earth's crust contained 4.011016 kg As and another 4.87106 kg was released by undersea volcanoes.
Metals are harvested from natural sources by the industrial sector, and these metals are then released into the
atmosphere. Metals can be liberated from their endemic spheres by natural weathering processes and placed in a
variety of environmental compartments. The resultant particles could end up in aquatic systems such as seas and rivers,
contaminating water [19]. Oxides, sulphides, silicates, sulphates, hydroxides, organic compounds, and phosphates
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are also considered as heavy metals. Lead, arsenic, copper, zinc, cadmium, nickel, mercury, and chromium are the
most prevalent heavy metals [21].

2.2 Anthropogenic sources

Anthropogenic sources are often regarded as the primary contributors to rising levels of heavy metal contamination in
many environmental compartments. Heavy metals from anthropogenic sources have been proven to exceed natural
flows in a few circumstances. Heavy metals are produced because of a variety of human activities. The daily
manufacture of products to suit the demands of a huge population has been proven to contribute more to environmental
pollution [21]. Wastewater, industries, agriculture, mining, and runoffs all release pollutants into various
environmental compartments. Heavy metal contamination can be caused by a variety of industrial activities and their
effluents. In comparison to others, some sectors may constitute a significant hazard to various ecosystems. Smelting
or treating metal ores, extraction, electroplating production, mining practices, coal-fired power and heat production,
leather production, burning of fossil fuels, metallurgic activities, automobile exhaust that releases lead, insecticides,
waste incineration, landfills, and heavy metals can enter the environment through anthropogenic causes such as the
emission of agricultural, residential, and industrial waste.

2.3 Diverse sources

Heavy metals are abundant in the Earth's crust, and runoff can carry them into the ecosystem. Furthermore, rushing
water causes heavy metal build-up in water reservoirs. Heavy metals may also be released into the environment via
waste. Construction of ports, power generation and transmission, railways, drainage systems, dredging, housing and
recreational systems, and waste treatment systems are also potential sources. Heavy metal residues could be present
in some of the materials utilized in these activities [22]. Heavy metal impurities can be present in a wide range of
items, that includes detergents, fertilizers, and refined petroleum products. As a result, heavy metal's various sources
can be categorized as follows: Waste material and industrial processes.

2.3.1 Sources from waste materials
2.3.1.1 Agriculture wastes

Agricultural systems have expanded and developed in response to increased food demand [23]. Increased pollution
loads in rivers, lakes, aquifers, and coastal waters have resulted from the overuse and misuse of agrochemicals
(insecticides, pesticides, herbicides, fungicides, and chemical fertilizers), sediments, water, sludge, organic matter,
animal feeds, and drugs on farms designed to increase productivity. Water contamination with carcinogens and other
harmful compounds as a result poses known threats to aquatic ecosystems, human health, and economic activity.
Agricultural waste dumped in aquatic ecosystems has had a number of negative effects on aquatic animals, including
fish, by concentrating toxins directly from dirty water and passing them through the food chain.

2.3.1.2 Biomedical waste

Body parts, organs, tissues, blood, and biological fluids, as well as dirty linen, cotton, bandages, and plaster casts from
infected and contaminated areas, and spent needles, syringes, and other sharps, can all be found in medical waste. It
contains pathogens in their visible and bulk forms. Biological, chemical, and radioactive contaminants can pollute the
water supply. Pathogens leaching into the water can pollute it and cause sickness. Water pollution can be caused by
heavy metals found in chemical waste. They can enter biological systems via the biological magnification process.
The inappropriate disposal of biomedical waste may have a negative influence on water quality because various
chemicals may leak into groundwater from waste dumping sites. Heavy metals and polycyclic aromatic hydrocarbons
are abundant in biomedical waste, resulting in undesirable levels of dangerous elements that can damage surface and
groundwater [24].

2.3.1.3 Industrial effluents

Some of the biggest sources of contamination are municipal trash, home sewage, and industrial waste released directly
into natural water systems. Water contamination results from untreated waste discharge. Manufacturing effluents
discharged untreated into water bodies are a major source of surface and groundwater contamination. Wastewater
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containing bacteria, heavy metals, fertilisers, radionuclides, medications, and personal care products makes its way
into surface water resources, causing irreversible harm to the aquatic ecosystem and humans by lowering the aesthetic
value of water. These contaminants lower the amount of usable water available, increase purifying costs, harm aquatic
resources, and have an influence on food supply. Pollutants such as dangerous heavy metals, acid, agrochemicals,
dyes, and other untreated waste discharged by industry contribute to water contamination. Discharged items, which
frequently create pollution, also cause a loss of biodiversity in the aquatic ecosystem, as well as human health hazards
such as cholera, diarrhoea, and other illnesses [25].

2.3.1.4 Electronic waste/(E-waste)

Manufacturers of electronic items are one of the most significant sources of E-waste. E-waste is high in heavy metals,
hazardous chemicals, and cancer-causing substances. E-waste contains heavy metals such as lead, cadmium, mercury,
arsenic, and nickel, as well as persistent organic chemicals such as brominated flame retardants, phthalates,
polychlorinated biphenyls, nonylphenol, triphenyl phosphate, and others. Heavy metals are one of the most harmful
compounds found in e-waste due to their toxicity, mobility, and non-biodegradability. Heavy metal contamination is
extremely dangerous to water supplies, as well as soil. Heavy metals in soil, for example, can be washed away by rain
and end up in surrounding ponds; heavy metals can also contaminate groundwater through leaching, which is
particularly problematic in acidic environments. The uncontrolled dumping and improper recycling of e-waste
endangers human health and the environment in general. They cause immunological illnesses, neurological system
disorders, malignancies, and skin ailments, among other things. The proper treatment and disposal of E-waste using
appropriate beneficial practices helps avoid certain diseases of the skin, respiratory, digestive, immunological,
endocrine, and nervous systems, including cancer. The exponential development in the use of electrical and electronic
equipment (EEE) to bridge the digital gap has a negative impact on the environment and human health when ICT
wastes are not disposed of scientifically. Adopting existing legislation and guidelines in accordance with international
norms and practises is critical for a healthy E-waste management system [26].

2.3.2 Sources from industrial processes

2.3.2.1 Mining

Heavy metal contamination is most visible in mining districts and abandoned mine sites, and pollution levels drop as
one walks away from the mines. Mining is the process of extracting minerals and other geological materials from
underground deposits. The mining sector is responsible for extracting the metals and minerals that our society need
for survival. Mining activity is a major source of water pollution. The potential for these compounds to contaminate
ground and surface water is increased by large amounts of water produced throughout various stages of mining.
Surface water is mostly contaminated by numerous sources such as toxic chemical spills, waste material erosion, and
mine contamination water discharge [27]. During the mining and extraction of various elements from their ores,
several metals are released. Because of mining procedures, heavy metals are leached and reach aquatic environments.
Acid mine damage may develop as those mined regions encounter air and water.

2.3.2.2 Mineral extraction

Mineral processing releases heavy metals into the environment, either directly or indirectly: initially, during the
extraction process, when the necessary size is reduced or the surface area is increased to create more effluents, and
later, when heavy metals are leached into the soil from ores.

2.3.3.3 Electroplating

Electroplating is a plating technique that uses electrical flow to remove cations of a desired substance from a solution
and coat a conductive device with a thin coating of the desired substance, such as metal. It's mostly used to apply a
layer of metal beneath a desired component to a surface that doesn't have that property otherwise. Effluent from the
electroplating industry pollutes the air, water, and soil. Electroplating is a major polluter since it releases harmful
compounds and heavy metals into the environment via water, air emissions, and solid waste. In several electroplating
processing sectors, heavy metals such as nickel, iron, lead, zinc, chromium, cadmium, and copper have been detected
in significant amounts.
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2.3.3.4 Smelting

Nonferrous metal smelting is one of the most significant human-caused causes of heavy metal pollution in the
environment. Metals generated during smelting are released into the environment, including water, soil, and plants,
and can eventually enter human bodies via food chains or direct ingestion, posing a health risk. High levels of lead
and cadmium have been found in the blood and urine of persons who live near nonferrous metal smelters, particularly
children, in numerous studies. Huge amounts of exhaust fumes containing a variety of heavy metals could be emitted
into the air during long-term zinc smelting processes, as well as considerable amounts of smelting wastes produced in
piles and spoil heaps. According to studies, zinc smelting activities in Hezhang released over 50 tonnes of mercury
and 450 tonnes of cadmium into the environment between 1989 and 2001. Heavy metal contamination was also found
in the local surface water, air, and soil compartments, according to the findings.

2.3.3.5 Automobile exhaust fumes

Motor vehicle exhaust emissions may contain heavy metals. Vehicle wear items like tires, brakes, and catalysts are
also linked to their release. Vehicle movement-induced re-suspension of metal-enriched road dust could be a
significant source of pollution, particularly along routes with large traffic volumes and a high number of heavy
vehicles [28]. Motor vehicle exhaust gases are the primary source of lead contamination in soils, plants, and the air.
Lead tetracthyl was added to gasoline for many years and released during mechanical engine operation. Another cause
of pollution with this element along highways could be grease from motor vehicles. The effect of automotive exhaust
fumes on lead concentration levels in bread has been demonstrated. There was a link between the concentration of
lead in bus terminals and the volume of vehicles counted. Anthropogenic sources of metals in roadway dust are
possible. Humans and animals living near road construction sites have been exposed to heavy metal contamination of
edible plants [29].

2.3.3.6 Geothermal sources

Trace heavy metal pollution from geothermal sources is very likely [30]. Heavy metal poisoning of the environment
is a severe problem in liquid-dominated hydrothermal reservoirs with salty fluids at high temperatures and pressures.
Natural sources include volcanic eruptions, geysers, seismic activity, fumaroles, and hot springs, which are commonly
found nearby [31]. Volcanic eruptions produce volcanic ash, which settles in the water system, creating turbidity,
acidity, and low pH. Because of the influence of aerosols containing the strong mineral acids H»SOs, HCI, and HF in
the plume, the surface coatings on fresh volcanic ash are extremely acidic. As a result, when ash from a recent eruption
comes into touch with water, it has the potential to reduce the pH below safe levels for aquatic life.

2.3.3.7 Power plants

Power producing plants are another source of heavy metals. Thermal pollution from nuclear and fossil fuel facilities
is substantial in bodies of water. The Environmental Protection Agency (EPA) estimates that thermoelectric power
stations generate 50-60% of all harmful pollutants emitted into surface waters by all industrial categories under the
Clean Water Act (CWA). Power plants operated by activated coal are the largest source of hazardous pollution among
the numerous types of thermoelectric producing units. They can contaminate water bodies by releasing mercury into
the atmosphere through boiler flues. Furthermore, these businesses produce ash, which may contain heavy metal
particles such as uranium. About half of the 1,100 steam-electric power plants in operation in the United States are
coal-fired power plants. Every year, these facilities discharge millions of tonnes of dangerous heavy metals into
waterways around the country, including arsenic, selenium, lead, mercury, boron, and cadmium [32].

2.3.3.8 Urban surfaces

Deposits from numerous sources sink to the ground on urban surfaces. The urban surface road and urban soil are the
two main surfaces. Heavy metals in city surface roadways come from a variety of internal and external sources.
Intrinsic sources include domestic emissions, building facade weathering, pavement surface weathering, and
precipitation on previously vulnerable surfaces (atmospheric aerosols) [33].

2.3.3.9 Plumbing and fittings
Chemical compounds are present in water treatment techniques and materials used in plumbing and fittings [34].
Water stagnation in the plumbing pipes and distribution system may raise cadmium, copper, lead, iron, or zinc



Sources of water contamination by heavy metals

concentrations. [13]. Aluminium, sulphate, and sodium, as well as lead, cadmium, copper, nickel, antimony, zinc, or
iron, are found in pipes and fittings, whereas manganese, chromium, barium and arsenic are prevalent in water
bodies [35].

2.3.3.10 Irrigation water
The heavy metal concentrations in irrigation water from diverse sources, such as canal water, tube-well water, and
sewage water, were significantly varied. The highest quantities of heavy metals were found in sewage water [36].

2.3.3.11 Tannery activities

The tannery business, which uses a range of chemicals in the tanning process, is widely acknowledged as a significant
source of heavy metals in the environment, posing considerable environmental dangers around the world. Hazardous
chemicals and other heavy toxic trace metals, organic debris, lime, and sulphide, as well as a vast volume of liquid
and solid wastes, are found in tannery effluents. Several businesses that are typically associated with tanneries, like as
footwear, animal glue, and paint, produce harmful compounds as a result of their processes [37].

3.0 Sources, characteristics, uses and impacts of individual heavy metals

There are plethora sources of drinking water such as rivers, lakes, ponds etc. The most important driver for rising
levels of trace metals in water bodies, particularly heavy metals, through water run-off is the expansion of industries
and urbanisation [38]. Heavy metals are actively the major cause in the rise of numerous waters borne diseases,
including diabetes, Alzheimer’s disease, and different forms of cancer. Extended exposure of humans to trace metals
may succeed in gradually advancing muscular dystrophy, Parkinson’s disease, and multiple sclerosis. Trace metals
for example, Arsenic, Lead, Mercury and Cadmium, are among the 10 list of elements of public concern to WHO
[39].

3.1 Arsenic

3.1.1 Characteristics of Arsenic

Arsenic is the world's twenty-first most common element. It is discovered in the environment to be an odourless and
tasteless hazardous metallic element [40]. It can be found as an oxide, sulphide, or metal salt in a variety of substances
and is frequently observed at extremely low concentrations in practically all situations. Arsenic exists in trace
concentrations and in four oxidation states including As(V), As (0), As (-III), and As (III), The two most common in
nature, however, are As (V) and As (-III), both within the pH range of 6-9. Inorganic salt, organic salt, and gaseous
salt are the most common forms [2]. Arsenic has an atomic mass of 74.92-75 amu, an atomic number of 33, density
of 5.72 g/cm?, melting point 817°C, heat of fusion 370.3 kJ/kg, boiling point 613°C, heat of vaporization 426.77 kl/kg,
linear coefficient of thermal expansion 5.6 x 10, specific heat 328 J/kg K and electrical resistivity 26 x 10 Q. An
estimated 1.5 mg/L of this metalloid is on earth surface, 3 ng/m? in the air, and 10 mg/L in freshwater [2]. It exhibits
complex chemistry. A significant concentrations > 1000 ng/cm® have been measured near industrial sources [29].

3.1.2 Sources of Arsenic

Arsenic can have either anthropogenic or natural origins. Arsenic is discharged to the environment through the
smelting of copper, zinc and lead and can also be generated from the manufacture of other chemicals and glasses [41].
Anthropogenic activity, geochemical reactions, and biological action, among other things, may be linked to the
presence of arsenic underground. They are, however, a source of contamination of drinking water sources due to
numerous industrial and agricultural operations. Arsenic are found in the environment through natural processes,
especially, geochemical reactions, biological activities, volcanic eruptions and weathering of rocks [42]. They are
classified as geogenic, biogenic, and anthropogenic based on source of occurrence. Generally, thermal power plants,
mining, smelting operations, fuels, geothermal activity, mineral dissolution, (pyrite oxidation), discharge of industrial
and metallic waste, herbicides, fossil fuel burning, wood preservatives, reductive dissolution and desorption are the
main arsenic source of groundwater contamination. However, the process of rocks and mineral weathering and
volcanos are attributed to geogenic sources. It is estimated that the environment is exposed 12,000 tons of arsenic
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annually and European Union’s 27-member states are responsible for the generation of 3 billion metrics tons globally

[2].

3.1.3 Uses of Arsenic

Arsenic has been considered to have a huge agricultural, medicinal, and commercial value worldwide. it is
commercially used in the production and manufacture of industrial devices such as semiconductors, transistors, wood,
paper, pigments, dyes, and glass, and in pharmaceuticals and hide tanning processes. They are also utilized in the
manufacture of agro-based products such as crop desiccants, pesticides, herbicides, fungicides, and other valuable
additives used in livestock feeds in agriculture [43]. Arsenic has also been used to treat infectious parasites in dogs
and poultry, such as filariasis and blackhead, as well as to eliminate tapeworms in dairy animals. Furthermore, arsenic
based drugs are found useful and have been applied in public for the treatment of diseases in the tropics and serves as
anticancer agent in public health.

3.1.4 Impact of Arsenic

Because a substantial number of people worldwide are exposed to high arsenic concentrations, 100 g/L or higher,
which is greater than the standard, arsenic has been categorized by WHO as one of the ten substances of public health
concern. Arsenic has a negative impact on the health of a variety of organisms. It negatively influences the endocrine,
hepatic, reproductive and nervous systems It undermines muscles and coagulates protein. Drinking water with arsenic
concentrations above 50 pg/L has adverse effect on human health. Lung, skin, bladder, and kidney cancers, as well as
eye, liver, central nervous system, heart, neurological, and respiratory problems, can all be caused by arsenic exposure
[44]. Neurobehavioral impacts, respiratory disorders, and hormonal and reproductive system affects are all non-
carcinogenic consequences of arsenic. Inorganic arsenic is extremely dangerous, especially to trivalent species,
because it is a teratogen and carcinogen when compared to its organic counterpart. Arsenic species that are inorganic
are known to be more dangerous than those that are organic. Furthermore, As (III) has been reported to be more
mobile, soluble, genotoxic, and cytotoxic, increasing the risk of developing arsenic-related illnesses. Arsenic
poisoning can be produced via eating, inhalation, parenteral route, and skin contact to some extent. In rural areas away
from human activity, arsenic concentrations in the air can range from 1-3 ng/m? to 20 —100 ng/m? in urban areas. The
concentration of arsenic in water is normally less than 10 g/L, which is the WHO's maximum contamination limit,
unless the sources are near mining sites and mineral resources [2].

3.2 Nickel

3.2.1 Sources of Nickel

Thermal power facilities and waste incinerators discharge nickel into the atmosphere. Silver refineries, electroplating,
zinc-based casting, and battery industries produce detergents and effluents that end up in waterbodies. Wind-blown
dust, weathered rocks and soils, volcanic emissions, forest fires, vegetation, specks of dust from volcanic emissions,
and the weathering of rocks and soils are all natural sources of atmospheric nickel. Nickel can enter the body through
breathing, drinking, eating, and smoking cigarettes. The burning of residual and fuel oils, incineration of municipal
waste, and nickel mining and processing are the main anthropogenic sources of nickel emissions to the atmosphere.
In nickel and nickel alloy production plants, as well as, electroplating, smelting operations, thermal power plants,
plumbing and fittings, welding, grinding, cutting operations, vehicle manufacture, battery production, and many other
metal-involved production activities, appearances by inhalation, ingestion, or skin association occur.

3.2.2 Characteristics of Nickel

Nickel is a heavy metal that is frequently available in metropolitan areas. It is a silvery-white hard, flexible, and elastic
metal that is found in the environment at very low amounts. Nickel comes in two commercial forms: sulphides ores
and silicate oxide.
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3.2.3 Uses of Nickel

Living beings require a modest amount of nickel to block the activity of some enzymes and hormones. Steel
manufacturing, alloy manufacture, and electroplating of nickel sulphides account for around 42%, 36%, and 18% of
nickel's environmental usage, respectively. [33].

3.2.4 Impacts of Nickel

Nickel is a potentially carcinogenic metal that has been linked to several pathologic consequences in humans. Allergic
dermatitis can be caused by skin contact with metallic or soluble nickel compounds. Nickel consumption and overdose
can cause significant weight loss, dizziness, birth complications, asthma, hair loss, lung inflammation, fibrosis,
emphysema, allergic reactions (dermatitis), heart disorders, chronic bronchitis, reduced lung function, respiratory
problems, nasal sinus, and cancer of the nose, larynx, and lung [39].

3.3 Zinc

3.3.1 Sources of Zinc

Zinc waters can come from human activities or geological rock weathering, such as industrial and domestic wastewater
outflows, as well as animals, where it is crucial for cytoplasmic integrity. The released materials from mine and
metallurgic operations, smelting, electroplating, plumbing and fittings, vehicle emissions, and All man-made sources
of zinc in build-up environment are commercial products containing zinc, such as fertilisers [33].

3.3.2 Uses of Zinc
Zinc is considered vital for immune responses.

3.3.3 Impacts of Zinc

Acrodermatitis enteropathica, diabetic mellitus, high myopia, schizophrenia, and other diseases are linked to excessive
zinc intake in humans [44]. Zinc increases the risk of cardiovascular disease and psychological problems. Neural
abnormalities, hypertension, nausea, and stomach injury are all possible side effects. It is also responsible for
neurotoxic effects on humans [23].

3.4 Lead

3.4.1 Sources of Lead

Lead comes from both natural and man-made sources. Lead output has surged by 232%, reaching 11.3 million tonnes
per year. Lead enters the body mostly through breathing and food, and it circulates in the bloodstream as soluble salts,
protein complexes, or ions. It mostly builds up in the bones [33]. Corrosion of leaded pipelines in a water transportation
system and corrosion of leaded paints can both introduce lead into water. Lead sources include different industrial
(mining, fossil fuel burning, manufacturing), agricultural, and household processes. Paints, automotive exhaust/traffic
emissions, lead acid batteries, E-waste, smelting operations, material weathering, plumbing and fittings, coal-fired
thermal power stations, ceramics, and the bangle industry are all potential sources. Lead is commonly found in
wastewater from industries such as electroplating, electrical, steel, and explosive makers, among others. Electronic
trash, lead-acid battery effluent, and metal industry discharge all contribute to its presence in aquatic systems.

3.4.2 Characteristics of Lead

Lead is a glossy, bluish-white metal that is extremely soft, malleable, and ductile. Sulphide, cerussite (PbCl,), and
galena are all examples of heavy and soft metals. It is a metal with atomic number 82, atomic mass 207.2, density of
11.4 g/cm?, melting and boiling temperatures of 327.4°C and 1725°C, respectively, that belongs to group IV and period
6 of the periodic table. Blood lead levels in children below 10 micrograms per decilitre have been considered safe
[29].

3.4.3 Uses of Lead
Metal items, cables, pipelines, paints, and pesticides all contain lead.
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3.4.4 Impacts of Lead

Lead is one of heavy metals' four most toxic non-essential elements, and inorganic forms are absorbed through food,
drink, and breathing. It's a dangerous metal that accumulates quickly in the human body. It causes metabolic toxicity
and enzyme inhibition in most people. It is a potentially carcinogenic substance with neurotoxic properties. It causes
haemoglobin biosynthesis disruption, miscarriages, blood pressure elevation, and behavioural problems in youngsters
such as hostility, impulsive conduct, and hyperactivity [39]. It harms the liver, kidneys, and urinary system, as well as
the nervous system, brain, and excretory system. It also disrupts the basic physiological processes of cells, resulting
in mental lapses and memory loss [13]. It also caused hearing problems and intestinal issues in humans [24]. Mild
symptoms such as sleeplessness, weariness, and weight loss have been recorded, as well as more serious side effects
such as neurotoxicity and nephrotoxicity [44].

3.5 Mercury

3.5.1 Sources of Mercury

Mercury is a persistent, poisonous, and bio-accumulative chemical that is typically introduced in inorganic form into
aquatic systems by businesses. Its contamination is linked to the manufacturing of electrical equipment, pressure
gauges, and thermometers, barometers, among other things. It can also come from industrial sources such as coal
combustion, acid rain-induced soil leaching, fluorescent lamps, thermal power plants, chlor-alkali plants, hospital
waste, and electrical appliances etc.. [41]. The main natural sources of mercury include degassing from the Earth's
crust, volcanic eruptions, and evaporation from natural water bodies [19].

3.5.2 Characteristics of Mercury

At ordinary temperature and pressure, mercury is the sole liquid metal. It has an atomic number of 80, and an atomic
weight 200.6, mass density of 13.6 g/cm?, melting point of -13.6°C and boiling point of 357°C, and is mainly
recovered as a by-product of ore processing [29].

3.5.3 Uses of Mercury
Thermometers, sphygmomanometers, barometers, and blood pressure monitors all contain metallic mercury

3.5.4 Impacts of Mercury

Mercury has been linked to cancer. Its short-term mercury exposure can harm the lungs and kidneys. It can also harm
the neurological system, resulting in haemorrhagic gastritis and colitis. When mercury is flashed in large quantities, it
causes neurotoxicity. It causes involuntary abortion in women who are pregnant. There has been a wide range of
cognitive, psychological, sensory, cardiovascular, gastrointestinal, and motor abnormalities declared [44]. Long-term
exposure to elemental mercury vapour has been linked to unsteady walking, chronic cough, poor focus, hearing loss,
ataxia, general debilitation, tremulous speech, clouded vision, and poor psychomotor function. Inorganic mercury has
the potential to be embryotoxic and teratogenic [17].

3.6 Copper

3.6.1 Sources of Copper

Copper is released into the atmosphere by both natural and human-made sources. The most prevalent natural causes
include windblown dust, sea spray, volcanoes, rotting vegetation, and forest fires [33]. Vehicle emissions from
nonferrous metal production, mechanical abrasion, iron and steel production, coal combustion, wood production,
industrial application (mining, electroplating, smelting operations, plumbing and fittings), and phosphate fertilizer
production are all examples of anthropogenic copper emissions [44].

3.6.2 Uses of Copper
In humans, copper is required to produce haemoglobin and certain enzymes

3.6.3 Impacts of Copper
High copper consumption can harm the liver and kidneys, as well as produce gastrointestinal problems.
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3.7 Chromium

3.7.1 Sources of Chromium

Natural chromium concentrations in the atmosphere and aquatic habitats are minimal. It is unable to dissolve in water
and hence penetrates deeper into the soil to reach subsurface water. As a result, chromium levels in polluted wells
may be dangerously high. The largest sources of chromium emission are metallurgical, chemical, and refractory
industries [39]. Chrome-electroplating, metal processing, chromium salts manufacturing, chrome pigment production,
leather tannery operation, mining, photography, industrial coolants application, textile manufacturing, painting,
chrome alloys, and stainless-steel welding all cause releases through air and wastewater. Chromium also enters the
atmosphere from coal combustion and is eventually passed on to soil and water bodies. High chromium concentrations
could also be caused by heavy traffic. Chrome plating of several motor vehicle parts could be linked to chromium in
the urban environment [33].

3.7.2 Characteristics of Chromium

Chromium is a silver-gray metal with a glossy sheen. The global production of chromium (Cr) has expanded by 514%
during the last five decades, reaching 11.3 Mt per year [4]. Anthropogenic acts may cause chromium contamination
in natural water.

3.7.3 Uses of Chromium
The human body requires chromium for a variety of processes, including fat and carbohydrate catabolism, as well as
glucose and blood pressure management. Chromium affects the metabolism of lipids and sugars.

3.7.4 Impacts of Chromium

Chromium is known to cause allergies, skin rashes, irritations, and nosebleeds, stomach ulcers, respiratory problems,
immune system damage, genetic material changes, lung cancer, kidney damage, and death in extreme cases [39].
Chromium (VI) are human carcinogen [44]. Chromium composites can increase the risk of lung cancer, damage the
circulatory system, and cause nerve tissue to disintegrate. Chromium's coexistence with other metals may increase
glycogen levels in organs that are under stress from metal exposure [24]. Consuming too much Cr through food or
dirty water can result in kidney damage, intestinal haemorrhage, and gastrointestinal stromal tumours [45]

3.8 Cadmium

3.8.1 Sources of Cadmium

Cadmium (Cd) is a predetermined by-product of lead or zinc refining processes, but it is also found in nature as raw
ores. Cd can be recycled after it has been removed from the ores. Cadmium is found in the earth's crust at a quantity
of about 0.1 mg/kg and occurs in a mixture with zinc. It's found naturally in zinc, lead, and copper ores. Cadmium can
also be found in food [29]. Cadmium is naturally released in huge amount into the environment. The weathering of
rocks releases about half of the cadmium into rivers, whereas the rest is released by anthropogenic activity. Cadmium
comes from a variety of sources, including industry, mining, electroplating, sewage, waste batteries, paint sludge,
incinerations, zinc smelting, e-waste, and fuel combustion [41], plumbing and fittings sources [13]. Other sources of
cadmium include cigarette smoking and synthetic phosphate fertilizer manufacture. Cd levels in urban roads are also
high due to the wear of rubber backing on carpets and fragments of car tires. Cadmium-containing products are rarely
recycled, but are regularly thrown away with household waste, polluting the environment, especially when the waste
is cremated.

3.8.2 Characteristics of Cadmium

Cadmium is found in natural sediments, which also contain other elements. It's used in plating, cadmium-nickel
batteries, phosphate fertilizers, stabilizers, and alloys, among other things. However, it lacks the requisite beneficial
characteristics to sustain life [40]. Cadmium, with an atomic number of 48, an atomic weight of 112.4, and a density
of 8.65gcm™, and melting and boiling temperatures of 320.9°C and 765°C, respectively. A urine creatinine excretion
of 10mol/mol was deemed by the WHO to be a "critical limit" below which renal damage would not occur [29].
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3.8.3 Uses of Cadmium

Cadmium is used extensively in industries that deal with electroplating, Ni-Cd batteries, pigments, alloys, coatings,
plastic stabilizers, and cigarettes. Cd coatings provide excellent corrosion resistance, particularly in high-stress settings
where protection is required. Cadmium compounds are employed as stabilizers in PVC products, colour pigments, a
variety of alloys, and, most recently, rechargeable nickel-cadmium batteries. Cadmium metal has mostly been utilized
as an anticorrosion agent (cadmiation) [39].

3.8.4 Impacts of Cadmium

Cadmium is the sixth element, and it has a significantly toxic that harms humans. It's the most dangerous heavy metal
found in industrial waste. It can build up in the bodies of living beings as well as in water reservoirs, causing calcium
shortage and bone fractures by disrupting calcium metabolism [33]. In humans, it has a long half-life of roughly 1033
years and exhibits persistent behaviour. Cadmium compounds are very toxic to living beings and accumulate in the
ecosystem even at low concentrations of 1 mg/kg. When consumed in large doses, it causes damage to the kidneys,
liver, reproductive organs, skeleton, blood, DNA, immunological, and nervous systems. It causes pulmonary oedema,
bone softening, and prostate and lung cancer. This could possibly lead to death [17]. It is possibly carcinogenic and
affects gastrointestinal tract [44]. Thus, many governments and international organisations consider cadmium to be a
harmful contaminant.

3.9 Silver, Molybdenum and Vanadium
3.9.1 Sources of molybdenum
Spent catalyst, naturally occurring, agricultural, industrial

3.9.2 Sources of silver

Naturally occurring/water treatment
3.9.3 Sources of vanadium

Spent catalyst, sulphuric acid plant

4.0 Indexing approach for heavy metal pollution
Established indexing approaches such as HPI, CI, HEI, and the recently developed 'heavy metal contamination index
(HCI)' have been used to determine the level of heavy metal contamination in water and groundwater [46, 47].

4.1 Heavy metal pollution index (HPI)

The HPI distributes weights based on the inverse proportionality of each component's recommended standard values,

which is widely accepted around the world. Mohan's HPI model describes the combined impact of heavy metals on

water quality [48]. For each metal parameter, the first step is to calculate relative weight (Wi). Wi is the inverse of the

maximum/upper permissible concentrations (MAC). This index assigns a rating or weightage (Wi) between 0 and 1

and is inversely proportional to the parameter's standard permitted value (Si). In this indexing method, the critical

pollution index value for drinking water is set at 100 [49]. HPI is calculated using the formulae:

Z?:l Wi Qi
W, (1

where Qi and Wi denote the sub-index and unit weight assigned to the ith parameter, respectively, and n denotes the

number of parameters considered. In the second step, the sub-index (Qi) for ith parameter is calculated for each heavy

metal using Eq. (2):

HPI =

Q= % x 100 2)

If Mi is the measured metal value in the ith sample, Ii is the ideal value or desirable limit of the ith parameter, and Si
is the standard permitted limit. The numerator represents the numerical difference between the two values; however,
the algebraic sign (-) is omitted. According to WHO guidelines, the required values for water quality criteria are as
follows: (WHO, 2011) is given in Table 1. Surface water quality standards for drinking water are also described in
Table 2.
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Table 1: Standard values for computation of pollution indices

Parameter Weightage (K/MAC) Standard Highest permissible Maximum admissible
acceptable limit limit (g/L) limit (g/L)
(g/L)

As 0.02 50 10 50
Cadmium 0.37 5 3 3
Chromium 0.02 50 50 50

Copper 0.001 1000 2000 1000
Iron 0.006 300 200 200
Manganese 0.02 100 500 50
Nickel 0.05 20 20 20
Lead 0.75 100 10 1.5

Zinc 0.0002 5000 3000 5000

Table 2: Surface water quality standards for drinking water [46]

Characteristics WHO drinking water guidelines (ng/L)

Cu 2000

Mg -

Mn 400

Fe 300

Cr 50

Cd 3

Pb 10

4.2 Contamination index (CI)

Contamination index (CI) measures the extent of pollution or the cumulative effects of several quality indicators that
are harmful to drinking water. It assesses the total level of water quality contamination and was calculated separately
for each parameter. The total number of contamination factors that exceed the upper permissible limits is referred to
as CI [50]. It was estimated using the following method to add up the cumulative effects of several water quality
criteria considered dangerous for domestic water:

cI= z; {1} (3)

where Cai and Csi are the lowest and upper allowed values of the ith component, respectively.

Heavy metal concentrations beyond the permitted limits were not considered while calculating CI values. The degree
of contamination (CI) is commonly used as a metric for assessing the extent of metal pollution in water [51]. Based
on the CI values, the monitoring sites were divided into three categories, as shown in Table 3. Depending on the extent
of contamination, CI values are divided into three categories: low (Cd < 1), medium (Cd = 1-3), and high (Cd > 3).

Table 3: Degree of contamination based on CI values [46]

CI values Category
CI<l1 Low
1<CI<3 Medium
CI>3 High

4.3 Evaluation index of heavy metals (HEI)
To determine the water quality in terms of heavy metal content, a heavy metal analysis is mostly used. The HEI assigns
a score to each heavy metal's accumulation rate in the overall water quality, which is determined using equation (4):

n Hi
HEI= Z : 4
i=1 Himax

where Hi and Himax are the ith parameters monitored and permitted values, respectively.
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The HEI, like the HPI, determines the overall water quality in terms of heavy metal content. This index is mostly used
for simple computation steps and is beneficial for interpreting pollution levels [52]. The index value, which ranges
from 0 to 1, represents the relative/subjective importance of each quality concern and is inversely proportional to each
metal's standard. Water samples are classified for HEI using multiples of the mean value obtained.

4.4 Heavy metal index (HMI)
The HMI values could be computed using the formula:

n
HMI = Z [pex 2] x 100 5)
i=1 3

where pi specifies the weight, each parameter is given. The actual heavy metal concentrations in water samples are
denoted by Mi and Si, whereas the acceptable limit values for the ith parameter are set by WHO drinking water
recommendations. Table 4 shows how the HPI values categorized the water samples.

Table 4: Water quality classifications based on HMI values [46]

Range of HMI values Category
HMI <50 Excellent
50 <HMI <100 Good
100 < HMI <200 Poor
200 <HMI < 300 Very poor
HMI > 300 Unsuitable for drinking

5.0 Analytical methods for heavy metals detection

A metal ion detector is a device or instrument that detects and quantifies metal ions in the environment. Before we
can remove these dangerous metal ions from water samples, we need a technology that can detect their presence and
provide a quantitative assessment of pollution levels so that the best removal strategy can be selected. To this end,
time and cost-effective detection processes that are also environmentally friendly should be developed. A detection
method must also be sensitive enough to accurately identify even minute levels of metal ions. A significant number
of analytical methods for identifying heavy metals in environmental and biological samples have been developed and
implemented, according to the literature [53]. Heavy metals can be identified by chromatographic analysis, electrical
analysis, instrumental neutron activation analysis, spectrometry analysis, and hyphenated methods. Hybrid approaches
have been widely applied in the speciation analysis. Inductively coupled plasma mass spectrometry (ICP-MS) and
inductively coupled plasma atomic emission spectrometry (ICP-AES) are becoming increasingly popular in this field
owing to their merits of concurrent detection of multiple elements, shorter processing time, maximum throughput, and
far less sample intake. High sensitivity, a huge linear range, and powerful anti-interference capabilities are only a few
of the benefits of the ICP-MS. Heavy metal biomonitoring is an exciting new technology for determining heavy metal
pollution and toxicity in the environment and biosphere. The simplest way for evaluating the extent of heavy metal
contamination within the environmental matrices is chemical analysis, however it offers insufficient information on
the cumulative impact and potential toxicity on organisms and ecosystems. Biomonitoring, which is based on
collecting and analysing the tissues and fluids of an individual organism, can be used to enhance chemical tests.

5.1 Broad categories of heavy metal ion detection techniques
Heavy metal ion detection techniques can be broadly divided into three main categories:

5.1.1 Spectroscopic detection

Highly sensitive techniques such as graphite furnace atomic absorption spectrometry, atomic fluorescence
spectrometry, X-ray fluorescence spectrometry, atomic absorption spectroscopy, neutron activation analysis,
inductively coupled plasma mass spectroscopy and inductively coupled plasma-optical emission spectrometry have
been used to detect heavy metal ions [54]. With very low detection limits, they can concurrently determine the
concentration of heavy metal ions for several elements. These methods, however, are quite expensive, and they require
the use of skilled personnel to run the sophisticated equipment.
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5.1.1.1 Atomic absorption spectroscopy (AAS)

AAS as shown in Fig. 3 is an analytical approach that is a qualitative and quantitative for elements that must be
assessed as per the important properties of spectral lines and varied spectral line attenuation degrees level [55].
Atomization system, detecting system, spectroscopic system, sharpline light source, and synchronous modulation
system of power supply, are the five key components of the AAS. The atomization system's primary duty is to provide
energy for sample solution atomization, evaporation, drying, and atomization, as well as to generate the fundamental
atomic vapour. The detecting system is used to reduce background emission interference, increase the signal-to-noise
ratio, and extend bulb life. Exceptional selectivity, excellent precision, a wide analytical range, and strong anti-
interference capacity are some of the advantages of AAS in determining elements. Its steady spectral line can be
utilised to determine trace, and ultra-trace elements. However, the disadvantages of AAS include the need to change
the light source bulb while identifying the elements and the inability to examine many elements at once. During this
point, using AAS for soil environment monitoring should be considered a necessary component of ecological and
environmental conservation [56].
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Fig. 3. Supercontinuum absorption spectroscopy set-up for temperature and multi-species measurements [57]

5.1.1.2 Graphitic furnace

A graphitic furnace consists of an open-ended cylindrical graphitic tube with a sample hole input. The sample is
deposited into a graphite tube, which is heated before being atomized. The atomized material is subsequently
evaluated. Atomization happens in a graphitic furnace atomic absorption spectroscopy setting where temperature does
not change rapidly because the sample will not be on the furnace wall, resulting in more repeatable results [58]. Longer
analysis times than flame sampling and a lower number of elements that may be evaluated by this method are some
of the drawbacks of a heavy metal ion detection device.
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5.1.1.3 Atomic fluorescence spectrometry

Atomic fluorescence spectrometry (AFS) depicted in Fig. 4 is a fast-evolving technology for detecting heavy metals
that relies on the excitation of atoms in the vapour state to be examined by radiation of a certain wavelength, resulting
in atomic fluorescence. The intensity of atomic fluorescence is related to the concentration. The elements in the soil
can be effectively assessed using fluorescence intensity. There are two forms of AFS: dispersive and nondispersive.
AFS and AAS are quite similar, except for the fact that the light source and other components are not aligned in a
straight line, but rather at a 90° right angle, to prevent the excitation light source's radiation from influencing the
atomic fluorescence detection signal. It offers atomic emission an absorption benefit. Nevertheless, its drawbacks
include a limited applicability and the utilisation of only few elements. As a result, analysts continue to be interested
in promoting and using AFS to heavy metal detection studies. The identification of trace elements in stream sediments,
soil, coal, diverse minerals, and rock was the first application field of AFS. Scientists have made more in-depth
research on AFS as this technology has progressed. There have been some situations where AFS has been combined
with other methodologies since its inception [56].
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Fig. 4. Scheme of the MSFIA-HG-AFS for As, Sb and Se determination [59].

5.1.2 Electrochemical detection methods

Electrochemical methods are inexpensive, simple to use, and dependable, with straightforward protocols for
monitoring contaminated samples. When compared to other spectroscopic techniques, electrochemical methods have
the benefit of having a comparatively short analytical time [60, 61]. These electrochemical techniques, however, have
substantial limitations as compared to spectroscopic and optical approaches, such as lower sensitivity and higher
detection limits (LOD). Furthermore, these techniques may require design tweaks and upgrades to improve their
efficacy in detecting heavy metal ions in specific cases. Minimal limit of detection, great sensitivity, huge surface
area, superior repeatability, higher signal-to-noise ratio, and selective sensing of several metal ions are all advantages
of electrochemical technologies. It's a tool that turns chemical information from a sample into an analytical signal.
Chemical information derived from the system's physical properties, or the reaction of species present in the analyte
was used in the receptor unit, which was then converted into an electrical signal by the transducer system, a
potentiostat/galvanostat based electrochemical workstation. Various signal amplification techniques can be used to
deduce the final analytical usable results. Among the many electrochemical techniques accessible are potentiometric,
amperometric, voltammetric, coulometric, impedance measurement, and electro-chemiluminescent approaches.
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5.1.2.1 Potentiometry

The electromotive force (EMF) is measured without utilising any electric current in this method. Quantitative
investigation of ions in solutions is usually done using potentiometric techniques [62]. It is, nevertheless, particularly
effective for detecting heavy metal ions due to characteristics such as minimal rates, fast reaction time, great
specificity, and a broad response range. This approach has some disadvantages, such as high detection limits and low
sensitivity. For heavy metal ions, such modified electrodes have been shown to have higher sensitivity and lower
detection limits [63, 64]

5.1.2.2 Amperometry and Voltammetry

Heavy metals detection utilising voltammetric techniques is a very sensitive approach capable of detecting
concentrations in the nanomolar and even picomolar ranges. In electrochemical enhanced sensing techniques, the
electrochemical transduction substance is crucial. Nanostructured platforms, spanning from carbon nanomaterials to
metallic nanoparticles and other natural nanostructured adsorbents, are being studied extensively in this area [65].
Heavy metal ions are routinely detected using this approach. To obtain a current—voltage curve, current is measured
at various applied potentials. Because of its excellent accuracy, reduced detection limits, and great sensitivity,
voltammetry is an extensively used technique. Voltammetry can take many forms, but the essential technique, which
involves measuring current by adjusting the potential, is the same for all. Cyclic voltammetry, pulse voltammetry, and
stripping voltammetry are some of the voltammetry modes used to analyze heavy metal ions [66].

5.1.2.3 Linear sweep voltammetry
This entails performing a linear potential sweep with conventional electrodes to obtain an I-V curve and polarography,
with one electrode being an electrochemically active electrode.

5.1.2.4 Combining stripping procedures with voltammetric approaches

Stripping approaches can be coupled with a variety of pulse voltammetric techniques to produce new identification
techniques like square-wave anodic stripping voltammetry, differential pulse anodic stripping voltammetry, linear
sweep anodic stripping voltammetry, etc, all of which are very good at detecting trace levels of heavy metal ions with
very limited limit of detection.

5.1.2.5 Galvanostatic techniques

The electric potential is measured while an electric current is applied in galvanostatic procedures. A current source
(galvanostat) controls the current between the working and counter electrode, and the associated potential is observed
throughout the reference and working electrodes [67]. Galvanostatic techniques used less complicated equipment than
potentiostatic techniques, but they had the drawback of causing large double-layer charging impacts. Galvanostatic
stripping chronopotentiometry (SCP) is said to be less sensitive when organic material is present.

5.1.3 Optical methods of detection
In the optical detection methods, optical fibres, particular indicator dyes, integrated optics, ionophores, capillary-
type devices, and several other technologies are commonly utilised.

5.1.3.1 Indicator dye-based sensors

This type of sensor works by combining a heavy metal ion binding reaction with an indicator dye, which results in a
change in the binding reagents' absorbance or fluorescence. The indicator functions as a transducer for the heavy metal
ion in such heavy metal ion sensors because direct visual detection is difficult. Heavy metal ions operate as
"quenchers" when they interact with another set of indicators, causing both static and dynamic quenching of indicator
dye luminescence [68]. Many indicators are non-selective, meaning they will bind to a variety of metal ions [69].
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5.1.3.2 Ionophore-based sensors

Due to the limitations of indicator reagents, ionophores (ion-complexing organic compounds) have been used to detect
heavy metal ions using optical techniques. Because of their ion carrier, complexing capabilities, and ability to interact
with ions, these ionophores are ideal for heavy metal ion specification. The extraction of ions into membranes
employing ion carriers is another way for detecting heavy metal ions. A proton-selective chromo-ionophore generates
the optical signal, and heavy metal ions are detected via selective binding of heavy metal with ionophores [70, 71].

Conclusion

Heavy metals are a unique class of contaminants found in water reservoirs. They are a collection of naturally occurring
metals with high densities and atomic weights. The heavy metal contamination can be found in soil, water, and the
atmosphere, among other places. Because of their substantial inhibitory effects on biodegradation activities, heavy
metals are directly linked to environmental pollution and biological toxicity issues. This could largely be attributed to
the primary and secondary sources of the heavy metals. Thus, this chapter defined heavy metal, their properties, uses
and impacts to the environment. The chapter went further to discuss the various sources of metals. These include
natural, anthropogenic, and diverse sources. It was discovered that the natural heavy metal emissions occur under a
variety of different and unique environmental conditions. This could be due to a variety of natural geographical
phenomena. The anthropogenic sources are often regarded as the primary contributors to rising levels of heavy metal
contamination in many environmental compartments. Heavy metal contamination can also be caused by a variety of
industrial activities and their effluents. The diverse source was classified into (i) waste sources: agricultural,
biomedical, industrial, and electronic waste, (ii) industrial processes: mining, mineral extraction, smelting,
electroplating, automobile exhaust fumes, geothermal sources, plumbing and fittings, power plants, urban surfaces,
irrigation water source, tannery activities. The sources, characteristics, uses and impacts of individual heavy metals
were extensively discussed in the chapter. Various established indexing approaches used for heavy metal
contamination level assessment in water and groundwater were also highlighted in this chapter. A significant number
of analytical methods for identifying heavy metals in environmental samples have been discussed. A detection method
must also be sensitive to accurately identify even minute levels of metal ions. In this chapter, the heavy metal ion
monitoring techniques were split into three types: (i) spectroscopic detection: graphitic furnace, atomic fluorescence
spectrometry, and atomic absorption spectroscopy, (ii) electrochemical methods of detection: potentiometry,
amperometry, voltammetry, linear sweep voltammetry, stripping methods in combination with voltametric techniques,
galvanostatic techniques, (iii) optical methods of detection: indicator dye-based sensors and ionophore-based sensors.
According to on several literatures, it was discovered that the most generally used approach for heavy metal detection
is atomic absorption spectroscopy, which, while being a destructive technology, has a high level of dependability and
precision.
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