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Abstract

Heavy metals represent a significant environmental concern due to their persistence, toxicity,
and potential for bioaccumulation in ecosystems. The sources of heavy metals are diverse,
including natural geological processes, industrial activities, agricultural practices, and
urbanization. Once released into the environment, heavy metals can undergo various
pathways such as atmospheric deposition, surface runoff, leaching into groundwater, and
bioaccumulation through food chains. The environmental impacts of heavy metals extend
beyond individual organisms to ecosystem structure and function. They can alter nutrient
cycling, microbial communities, species composition, and biodiversity, ultimately affecting
ecosystem stability and resilience.

A multimodal strategy that incorporates source reduction, pollution prevention, remediation
techniques, and regulatory measures is needed to mitigate the dangers related to heavy
metals. Sustainable management techniques include membrane bioreactors, microbial
systems, electrochemical processes, supercritical fluid extraction, adsorption, filtration,
electrodialysis, precipitation, and ion exchange.
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Introduction

The environment is the surroundings
where humans, plants, animals and micro-
organisms live or work. It is composed of
the land, the Earth's atmosphere and the
water. The Earth system is defined by four
spheres: biosphere, atmosphere,
lithosphere, and hydrosphere, all of which
work together harmoniously.
Environmental pollutants and
contaminants are chemical substances
present in the environment. Higher levels
than in any section of the environment [1]

Industrialization has grown rapidly over the
past hundred years. This has increased the
need for ruthless exploitation of the earth's
natural resources, thereby exacerbating
the global environmental pollution
problem. The environment is severely
polluted by various pollutants such as

inorganic ions, organic pollutants,
organometallic compounds, radioactive
isotopes, gaseous pollutants, and

nanoparticles [2].

In ecosystem environments, most heavy
metal elements are transferred through
anthropogenic inputs e.g.,, mining,
fisheries, aquaculture, fossil fuel
combustion, pesticides, ecotourism, and
shipping activities as well as natural
continuous inputs and sudden events [3].

In all environments, such as freshwater or
marine ecosystems, most heavy metals
naturally occurring in the earth's crust or
from dust storms have low concentrations,
in addition to heavy metals from various
pollution sources in the area. Sediments
act as sinks for heavy metals and become
potential sources of water pollution when
environmental conditions change [4].

Now, the importance of water to the
environment is considered a basic need all
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over the world. Water is a basic need for
human survival. Environmental pollution
increases due to water contamination and
water shortages, while limited availability
is increasing due to the destruction of
natural water resources [5]. This leads to
the degradation of economic
development, human livelihoods, and the
environment. In recent years,
environmental protocols have changed to
reduce water pollution. About 40% of the
population are affected by water scarcity
due to rapid growth in the urbanization,
climate change, natural resource use, and
food demand [6].

The increasing use of freshwater for
agricultural and industrial purposes has led
to an increase in water demand. According
to a new water supply agency, this problem
can be solved by using treated wastewater
[7]. However, the mandate is based on
updated wastewater regulations. Although
treated water plays an important role in
reducing the above problems, it may have
certain health effects due to the presence
of pathogenic microorganisms, endocrine
disrupting chemicals (EDCs),
pharmaceuticals, personal care products
(PCPs), and organic compounds in it [8].

There has been a debate on the definition
of the term "heavy metals". They are
defined as heavy metals either because of
their high atomic weight or because of
their high density [7;9]. Today, the term
"heavy metals" is used to describe metallic
chemical elements and metalloids that are
toxic to the environment and humans.
Some metalloids as well as lighter metals
such as selenium, arsenic, and aluminum
are toxic. They have been termed heavy
metals while some heavy metals are
typically not toxic such as the element gold

[9].

The rapid pace of industrialization, rapidly
growing energy demands and reckless
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exploitation of natural resources are the
main reasons for the aggravation of
environmental pollution problems, which
currently pose a serious threat to
biodiversity and ecosystem processes.
Heavy metals are one of the most
dangerous pollutants affecting the
environment [10]. Metals are the main
category of globally distributed pollutants,
natural elements extracted from the earth
and used in human industry and products
for thousands of years. In recent decades,
the use of heavy metal ions has increased
significantly, which inevitably leads to an
increase in the flux of metallic substances
into aquatic and terrestrial environments.

[2].

Heavy metals are of particular concern
because they are non-biodegradable and
therefore persistent. Metals have long
been abundant on Earth, with
approximately 75% of the elements
classified as metals in the periodic table.
Most of the contaminants listed by USEPA
as trace inorganic contaminants are heavy
metals [7]. In recent vyears, public
awareness has increased due to the long-
term toxic effects of water containing
dissolved metal ions. Unlike most organic
pollutants, heavy metals are generally not
eliminated from aquatic ecosystems
through natural processes. Therefore,
heavy metal concentrations increase and
cause  biological and  physiological
problems. They have the unique property
of long-term accumulation along the food
chain and may cause acute or chronic
toxicity to aquatic organisms and humans
[11].

Types of heavy metals and their effects

Heavy metals occur in the environment
either in water, land, suspended load, or
deposited sediments in aquatic
environments. However, measuring their

40

concentrations in water over short periods
of time does not provide accurate results
about the extent of pollution, since water
runoff is non-uniform and the release of
these pollutants is irregular. Therefore, the
focus is on sediments [12], as they are the
sinks of various types of pollutants and
organic matter that settle from the water
bodies above, and because they represent
a more stable indicator of the level of
heavy element pollution in the aquatic
environment [13].

Elements with atomic weights between
63.5 and 200.6 and specific gravity above
5.0 are heavy metals [14]. They exist as
natural elements in the environment. The
term heavy metals refer to elements that
have a high density and are toxic even in
low concentrations. In recent years, heavy
metals in wastewater have become a major
environmental concern as they pose a high
risk to ecosystems and human health even
in very low concentrations. Heavy metal
pollution is a major environmental burden
due to its flexibility, accumulation, non-
degradability, and longevity [15]. Some
heavy metals form small amounts of
essential components required for
metabolic activities of organisms. At the
same time, the use of these metals in large
guantities can cause irreparable toxicity to
human health [16].

Heavy metals in open waters lead to the
end of aquatic life, oxygen insufficiency
and algal blooms. When they discharge
into the rivers, the heavy metals get
converted into hydrated ions which are
highly toxic than the metal atoms. These
hydrated ions disrupt the enzymatic
process as well as the absorption is faster
in it. Hence the removal of heavy metals is
compulsory to lower the public risks. To
limit the water pollution level, World
Health Organization (WHO) and
Environmental Protection Agency (EPA)
have set the most admissible discharge



MIJAS

level of heavy metal into the environment.
Yet, the discharged effluent contains a high
concentration of heavy metals than the
permissible limits which causes the human
health problems and environmental
problems [17].

Heavy metals: Though these heavy metals
have been present in nature for several
years, their toxicity has increased due to
anthropogenic activities like mining and
urbanization. The health of humans and
plants depends on the surroundings they
live, so it is very important to study the
direct and indirect effects on the
environment due to heavy metals. Heavy
metals are a group of metals or metalloids.
Examples are copper, lead, nickel,
cadmium, mercury, arsenic, zinc, and
chromium [18].

The proportion of heavy metals must be
balanced or else it will be harmful. As these
metals are toxic, they dissolve in water and
affect living organisms. Some of the effects
of heavy metals on human organs like
kidneys, liver, lungs, hairs, and skin may
cause severe damage and also affect high
blood pressure, cancer, and many severe
diseases [19].

Although there are harmful effects of
heavy metals, there are some positive
effects of heavy metals on the
environment, like plants requiring macro-
nutrients (C, H, N, 02, P, S, etc.) as well as
micronutrients (B, Cl, Cu, Fe, Mn, Mo, Ni
and Zn) [20]. Below are the most important
heavy metals that have an impact on the
environment.

1. Arsenic (As): is an easily available heavy
metal everywhere in the form of oxides,
sulfides, and other compounds in polluted
water and soil from the weathering of
rocks and also by human activities. It is
used in the manufacturing of agricultural
insecticides and fungicides and is also used
as a drug to cure diseases. Arsenic is mainly
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transported by polluted water or air by
industries like smelting and refining metals
and chemicals into the environment [17].
Both the natural and human sources of the
creation of arsenic and its other
compounds accumulate in the marine
biota of the estuaries. Accumulation of
arsenic at a certain level is not very harmful
for the species in the estuaries but the
excess concentration of arsenic could be
toxic for all the organisms in the estuary
and also for humans that consume fish and
other products from the same estuary [20].
Higher concentrations of arsenic in
drinking water can cause lung, liver, kidney,
and skin diseases. Study also reveals that
arsenic affects the growth of children and
is sometimes responsible for infant
mortality [21].

2. Cadmium (Cd): is the most toxic non-
essential heavy metal added into the river
by disposal of cadmium-containing
materials, cadmium is used in paints,
cosmetics, welding, electroplating,
batteries, pesticides, and fertilizers which
people widely use. Cigarette smoking is
also one of the sources of cadmium
exposure in humans [22]. Dust containing
cadmium and contaminated water plays
the role of conductor of cadmium from the
environment to the living. Cadmium
accumulates in sediments, particulate
matter, and water in the estuarine
ecosystems. Bioaccumulation of cadmium
into marine organisms depends upon the
cadmium compound structures, salinity,
and temperature of the aquatic systems
[23]. Higher accumulation of cadmium can
harm vitamin D metabolism in kidneys and
harm the bones, heart, and blood vessels,
kidney damage, the central nervous
system, and other organs [24].

3. Chromium (Cr): Various industries use
chromium for different activities but 90%
of chromium production is used in
metallurgical industries. The untreated
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wastewater increases the contamination of
chromium in the environment. Though it is
an essential micronutrient for humans, a
higher intake of chromium is toxic to the
human body. According to previous
research [25], chromium is generally not
collected in the fish's body still if the
amount of chromium increases, there are
very harmful effects on fish gills at the
discharge point. The oxidation state of
chromium affects the uptake of chromium
in plants, excessive amount of chromium
harms the respiratory system and could
cause lung cancer. Skin sensitization, liver,
and heart disorders are other effects of
high chromium in the human body [26].

4. Copper (Cu): is often used for the
manufacturing of water pipes or the alloys
of brass and bronze which contain copper,
electroplating, pesticides, mining, fiber
productions, wuse of fertilizers, and
fungicidal spray activities are the source of
copper contamination in the environment.
Industrial waste as well as domestic waste
added into the rivers leads to an increase in
the concentration of heavy metals in the
estuarine ecosystems and produces a
threat to the marine plants and animal
species [27]. The balance of heavy metals
present naturally gets disturbed and
provides high exposure of copper to the
plant, species, and sediments created.
Copper used as a packaging material can
also contaminate food and water [28].
Harmful effects of copper contamination
are failures of the brain and kidney, liver
damage, and demolition of red blood cells,
and could be transferred into severe
anemia, and intestinal irritation [29].

5. Lead (Pb): Humans generally get
exposed to lead near mining activities due
to inhalation. In the case of fish and other
marine organisms, lead is collected
indirectly from the food chain and directly
from contaminated water. Lead is a more
toxic heavy metal and needs to have

42

control measures on its use. Drinking water
and seafood are some of the major
exposures to lead to humans [23]. Lead is
found to be tolerable in aquatic systems
because it is slightly soluble in saline water
and shows adaptability. This helps some
kind of protection from lead to accumulate
in the marine organisms [25]. Lead is
harmful to all organs, but specifically, the
lung is the most common organ attacked
by the higher concentration of lead which
possibly results in lung cancerl5. It is
harmful to adults and children but children
are affected at an even lower level by an
accumulation of lead, Nervous system is
also damaged by the high amount of lead
in the body. Infertility in men, premature
delivery in women, and miscarriage are
also the effects of higher levels of lead [25].

6. Zinc (Zn): is used in fertilizers and
pesticides on a large scale as it is essential
for plant growth. It is also useful for
humans, but the overdose of zinc may
cause fatigue or weakness. Zinc is used for
different activities such as galvanization of
metals, paints, weapons, cosmetics,
batteries, plastic, pharmaceuticals purpose
[30]. Zinc gets added into the estuaries by
natural as well as anthropogenic sources.
The zinc percentage in the estuarine
ecosystem could be raised by the use of
lubricating oil containing zinc in it, and this
contamination of Zn can increase the
health risk to aquatic plants and animals.
The harmful effects of over-accumulation
of zinc can cause nausea, anemia, and
cholesterol and also may affect the
immune system of humans [9].

Sources of Heavy metals in environment

Metals are classified into the following
categories: alkali metals, alkaline earth
metals, transition metals, precious metals,
platinum metals, rare metals, rare earth
metals, actinides, and light metals. The
main sources are industrial wastes from
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manufacturing or metal refining. The
second major source of heavy metal
pollution is the use of metal-containing
compounds in agriculture as fertilizers,
pesticides, etc. These metals are
transported to surface water and
groundwater through leaching, diffusion,
and infiltration [31].

Metals differ from other toxic substances
in that they are neither created nor
destroyed by humans. Environmental
pollution from hazardous metals and
minerals can arise from natural as well as
anthropogenic  sources [31]. These
minerals arrive from the natural source,
which is rocks and sediments, to the
aquatic environment, and these released
minerals which are dissolved or suspended
in rainwater drifting on the surface ground
or suspended in the air to be moved by the
wind from one place to another one. Also,
volcanic activities are among the most
important natural sources that lead to
pollution of the aquatic environment [32].
Anthropogenic sources Manufacturing
activity is a major source of pollution with
heavy metals in the environment, including
the petroleum industries, oil refineries,
iron and steel factories, copper, glass,
aluminum, tanning factories, fertilizers,
pesticides, gasoline, etc [4]. Heavy metal
pollution mainly arises from the effluents
of industrial units. Irrigation by effluents
released from paper mills and fertilizer
factories are adding various alkalies,
ammonia, cyanides, and heavy metals into
the water resources [33]. The wastewater
from the dyes and pigment industries,
metal cleaning, electroplating, leather, and
mining industries contains considerable
amounts of heavy metal ions. Burning of
fossil  fuel and transport sectors
redistribute toxic heavy metals into the
environment.  The  distribution  of
contaminants released to soils by human
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activities is related to how and where they
are added [34].

Generally, metals enter the aquatic
environment through atmospheric
deposition, erosion of the geological

milieu, or due to anthropogenic activities
caused by industrial effluents, domestic
sewage and mining waste, urban storms,
water runoff, landfills, and mining of coal
and ore. But naturally, metals get into
water by chemical weathering of minerals
and soil leaching [35]. Heavy metals are
always present at background levels of
non-anthropic origin where their source in
soils could be related to weathering of
parent rocks and pedogenesis. The metals
dissolve and move downstream to lower
reaches of the water bodies while others
settle into the sediments Also, Historical
Contamination of past industrial activities,
such as historical mining and
manufacturing operations, can leave
behind legacy contamination of heavy
metals in soil, groundwater, and
sediments, which can persist for many
years [36].

The fate of heavy metals in the ecosystem

A. Bioaccumulation and Biomagnification:
Heavy metals can accumulate in living
organisms through various pathways,
including absorption of soil, water, and
food. In aquatic environments, for
example, plankton and other organisms at
the base of the food chain may accumulate
metals from water, which then
bioaccumulate in larger predators through
consumption. This process can lead to bio-
magnification, where the concentration of
heavy metals increases at higher trophic
levels [37].

B. Soil Sorption and Mobility: In soils, heavy
metals may undergo sorption onto mineral
surfaces or organic matter, reducing their
mobility and availability for plant uptake or
leaching into groundwater. However,



MIJAS

certain factors such as soil pH, organic
matter content, and soil type can influence
the mobility and bioavailability of heavy
metals [38].

C. Leaching and Groundwater
Contamination: Heavy metals can leach
from soils into groundwater, especially in
high rainfall or irrigation areas. Once in
groundwater, metals may persist for long
periods and pose risks to drinking water
quality and aquatic ecosystems [39].

D. Plant Uptake and Translocation: Plants
can take up heavy metals from the soil or
water through their roots and accumulate
them in various tissues. Some plants,
known as hyperaccumulators, can
accumulate high concentrations of metals
in their tissues without experiencing
toxicity. Once absorbed, metals may be
translocated within the plant and
transferred to higher trophic levels through
consumption by herbivores or omnivores

[9].

E. Volatilization and  Atmospheric
Transport: Certain heavy metals, such as
mercury, can undergo volatilization from
soil or water surfaces and be transported

over long distances through the
atmosphere. Atmospheric deposition of
metals can then occur through
precipitation or dry deposition,

contributing to contamination of terrestrial
and aquatic ecosystems [9].

F. Detoxification and Bioremediation:
Some microorganisms can metabolize or
transform heavy metals into less toxic
forms through processes such as
bioreduction, biosorption, or
bioaccumulation. Bioremediation
strategies harness the potential of
microorganisms, plants, or enzymes to
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remediate contaminated environments by
enhancing the natural degradation or
sequestration of heavy metals [40].

Treatment technologies

There are several treatment technologies
for removing heavy metals from water and
wastewater. These methods can be
categorized into physical, chemical, and
biological processes depending on the
nature of heavy metals which have grown
into an important research area [41]. lon
exchange, supercritical fluid extraction,
adsorption, filtration, electrodialysis,
precipitation, microbial system, the
electrochemical process, an advanced
oxidation process, and membrane
bioreactors are better challenging and
assuring techniques available for the
disposal of heavy metals [42]. Each
technology has certain advantages and

disadvantages which are described in Table
1 [43]. The selection of a particular
treatment technology depends on factors
such as the concentration and type of
heavy metals present, the volume of water
to be treated, cost considerations, and
regulatory  requirements. Often, a
combination of different treatment
methods may be employed to effectively
remove heavy metals from water and
wastewater [44], are better challenging
and assuring techniques available for the
disposal of heavy metals. The above-
mentioned methods are broadly classified
into three sections: physical, chemical and
biological. But depending upon the nature
of heavy metals the treatment techniques
are applied [48].
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Table 1. Advantages and disadvantages of various treatment techniques accessible for the removal of

heavy metals from wastewater.

due to the usage of oxidation

NO | Techniques Advantages Disadvantages References
1 Coagulation Cost effective, Dewatering | Generation of sludge, [42]
qualities Utilization of chemicals is
high
2 Membrane High removal of heavy Very expensive, membrane [42]
filtration metals, lower space fouling, complex process.
requirement
3 Adsorption Easy operation, less sludge | Desorption [45]
production, utilization of
low cost adsorbents
4 Electrochemical Efficient for the removal of | Initial investment is high, [42]
treatment important metal ions, low need high electrical supply
chemical usage
5 Electrodialysis High segregation of metals | Clogging and energy loss [45]
6 lon exchange High transformation of Removes only limited metal [46]
components ions, operational cost is high
7 Photo catalysis Eliminates both the metal It takes prolonged time to [43]
ions and organic pollutants | remove the metals
concurrently
8 Biological This technology is Need to be developed [47]
treatment beneficial in removing
heavy metals
9 Oxidation No need of electricity Rusting occurs in the system [44]
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Conclusion

Many of the estuaries in the world
already showed an alert of high
contamination of heavy metals in the
sediments, and other organisms in their
ecosystems. This contamination of heavy
metals in the sediments and marine
ecosystem has potential of health risk to
the humans and therefore strong
remediation techniques and research
should be promoted. Hazardous heavy
metals must be trapped at the outlets of
waste water discharged from the factories
and industries.
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