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ABSTRACT

One of the most significant issues facing
decision-makers who are committed to
achieving the Sustainable Development Goals as
outlined in the 2030 Agenda for Sustainable
Development is climate change. The effects of
climate change are already being seen, including
rising temperatures, altered precipitation
patterns, changes in ocean currents, melting of
ice sheets, rising sea levels, and an increase in
the frequency and severity of sea level events.
Other effects include melting permafrost,
retreating glaciers and ice sheets, an increase in
fire-friendly weather, and an increase in the
frequency and severity of extreme weather
events. This has caused the climate change,
including an increase in atmospheric carbon
dioxide, along with other climate gasses.
Increased frequency and severity of extreme
weather events, such as hurricanes, cyclones,
and heavy rain, which may affect water quantity
and quality, are among them. The primary
releases of hazardous chemicals like heavy
elements have increased, and this has had an
impact on the climate.

Key Words: Heavy metals; climate change, Air
pollution, water pollution, soil pollution,
sediment pollution, measure control pollution.

INTRODUCTION

According to general definitions, heavy
metals are defined as those metals that have
a specific density of more than 5 g/cm3 and

exposure to heavy metals in the
environment has significantly increased as a
result of industrial activity over the past
century. The most frequent heavy metals to
cause human poisonings have been mercury,
lead, chromium, cadmium, and arsenic.
Environmental contamination by these
metals has recently been linked to rising
ecological and global public health concerns
[2].

Various geogenic, industrial, agricultural,
pharmaceutical, domestic effluent, and
atmospheric sources have been identified as
heavy metals' sources in the environment
[3]. Their toxicity is affected by a number of
variables, such as the dose, the exposure
route, and the chemical species [4]. Even at
low exposure levels, these metallic elements
are known to cause multiple organ damage
and are regarded as systemic toxicants.
Additionally, they are categorized as human
carcinogens. And directly have negative
impact on environment.

An overview of the main effects of climate
change in various regions with potential
connections to hazardous chemical and
waste management is given in Table 1 [5].
Table 2[6] lists the main toxic metals found
in industrial effluents. This review's goal is
to draw attention to heavy metal pollution,
its detrimental effects on climate change,
and methods for reducing potential

. . ollution.
have a negative impact on both the P
environment and living things [1]. The
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Table 1: Toxic Metal in manufacturing effluents

Metal Sources
Arsenic | Phosphate and Fertilizer, Metal Hardening, Paints and Textile
cadmium |Phosphate Fertilizer, Electronics, Pigments and Paints

chromium [ Metal Plating, Tanning, Rubber and Photography

copper  |Plating, Rayon And Electrical

Lead Paints, Battery

Nickel Electroplating, Iron Steel
Zinc Galvanizing, Plating Iron and Steel
Mercury | Alkali, Scientific Instruments, Chemicals

SOURCE: Physical climate risks from (IPCC, 2013b, 2014b, 2018a, 2019b). Potential links to hazardous chemicals and waste
management synthesized by the authors of this document.

Table 2. Overview of major impacts climate change with potential Links to hazardous chemicals and waste management

Region Climate change impacts Potential links to hazardous chemicals and waste
management
Acrctic Melting of sea Ice and permafrost Local contamination due to disruptions of pipelines and
Increased precipitation storage facilities, for example, leading to oil and chemical
spills Unintentional releases and increased movement of
POPs, mercury and other chemicals
Africa Reduced water availability and increased droughts reduced | Increased fertilizer and pesticide use Increased use of
crop productivity Changes in the incidence and geographic | insecticides Increased use of agricultural plastics
range of vector and water borne diseases Increased wildfires | Unintentional releases and increased movement of POPs,
mercury and other chemicals
Australia | Increased intensity and frequency of flooding Increases in releases from waste disposal sites
North Increased wildfires Urban floods in coastal and riverine | Unintentional releases and increased movement of POPs,
America | areas Increased cyclones mercury and other chemicals
Increases in releases from waste disposal sites and other
disrupted infrastructure
Central Reduced water availability in semi-arid regions Increased | Unintentional releases and increased movement of POPs,
and flooding and landslides in urban areas in other regions. | mercury and other chemicals
South Decreased food production and quality Increased spread of | Increased releases from waste disposal sites and other
America | vector-borne diseases Increased wildfires disrupted infrastructure
Increased fertilizer and pesticide use Increased use of
insecticides Increased use of agricultural plastics
Europe Increased impacts flooding in river basins and coasts. | Unintentional releases and increased movement of POPs,
Reduced water availability Increased wildfires mercury and other chemicals
Increased releases from waste disposal sites and other
disputed infrastructure
Increased fertilizer and pesticide use Increased use of
agricultural plastics
Asia Increased flooding in some areas, including that linked to | Unintentional releases and increased movement of POPs,
sea level rise Increased droughts in others Increased | mercury and other
wildfires Chemicals Increased releases from waste disposal sites and
other disrupted Infrastructure
Increased fertilizer and pesticide use increased use of
agricultural plastics

SOURCE: Physical climate risks from (IPCC, 2013b, 2014b, 2018a, 2019b). Potential links to hazardous chemicals and waste

management synthesized by the authors of this document

Contamination of Natural Waters,
Sediments, and Soils by Heavy Metals

The effects of heavy metal contamination on
climate change have been discussed [7].
Climate change may increase the risk of
flooding, which has implications for the
flooding of contaminated land and the risk
of contaminated sediment and water
reaching freshwater and marine
environments as well as the risk of
contaminants  being  remobilized in
floodwater. One mechanism by which
climate change may affect the release of
heavy metal contamination is the

temperature dependence of arsenic release
from flooded contaminated soils. [8]
Additionally, heavy metal contamination
frequently builds up in the topsoil; as a
result, the location of the water table
controls the leaching of contaminants. As a
result, periods with high groundwater levels
and high discharge rates are frequently
when high concentrations of heavy metals in
surface water are discovered [9]. Due to the
increased resuspension of contaminated
suspended sediment, total concentrations of
heavy metals with high adsorption
capacities to suspended solids also rise [10-
13].
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1.1. Air pollution

Climate change and air pollution are closely
related. It mostly happens because of
wasteful exhaust gases from different
industries. Air pollution is significantly
influenced by greenhouse gases [14]. It is
causally proven that an abundance of these
gases in the atmosphere causes air pollution.
They tend to contribute to global warming
when they interact with other gases or
molecules in the environment, which has an
impact on all living things either directly or
indirectly. [15-17]. Due to the species that
went extinct, these effects have a tendency
to reduce biodiversity. A rise in temperature
causes the summer season to last longer and
the winter season to last less time.
Additionally listed as air pollutants are some
particulate matter and dust. They were
affected by anthropogenic activities in
transportation and industry as well as
natural processes like soil erosion, rock
weathering, dust storms, and volcanic
eruptions. [18, 19]

Depending on where they come from, there
are two significant groups of air pollutants.
Carbon monoxide and sulfur dioxide are
examples of primary pollutants that are
released into the atmosphere directly,
whereas ozone and other secondary
pollutants are created as a result of chemical
reactions between primary pollutants and
atmospheric gases [20]. When addressing
the issue of air pollution, it is crucial to
differentiate between the different types of
pollutants in order to select the best course
of action because a decrease in some of the
responsible emissions may result in an
increase in its concentrations.

For instance, a decrease in nitrogen oxide
emissions may result in a rise in the amount
of ozone in a given area.The World Health
Organization [21] states that particulate
matter (PM), ozone (O3), nitrogen dioxide
(NO2), sulfur dioxide (SO2), and carbon
monoxide (CO) are the air pollutants that
have the greatest impact on human health.
In comparison to other air pollutants,
particulate matter is thought to be the most

significant [22]. PM stands for dangerous,
airborne, multi-element particles.

Ozone at ground level is a secondary
pollutant because it is created by chemical
reactions in the presence of sunlight rather
than being directly released into the
atmosphere. According to the substances
present and the intensity of the sun, ozone
formation  mechanisms  may  differ
depending on the region [23]. This pollutant
is to blame for a number of respiratory
illnesses and breathing difficulties. Ozone
harms  materials and plants  while
functioning as a "greenhouse gas" that adds
to the greenhouse effect. Its high levels are
frequently linked to issues with visibility as
well [24]. Nitrogen dioxide is a crucial
component of both ozone and particulate
matter. It is released into the atmosphere as
a result of the burning of fuel [25].

NO2 can harm lakes, forests, natural parks,
and coastal waters when it interacts with
water, oxygen, and other chemicals to
produce acid rain and hazy air [26].
According to some studies, this pollutant
may cause wheezing and asthma symptoms
[27]. When sulfur-containing fuels are
burned, sulfur dioxide is produced [28]. The
human respiratory system may be harmed
by this substance. Additionally, the
production of SO2 causes acid deposition,
which can harm lakes, forests, and
vegetation by affecting the quality of the
soil and water. Another precursor to PM is
sulfur dioxide [29] Colorless, odorless,
tasteless, non-corrosive, and extremely
poisonous gas with a density similar to air is
carbon monoxide [30]. CO is released
during combustion and is highly flammable
[31]. Very high CO levels are uncommon to
find outside, but when they do, people with
heart conditions should be especially
cautious because there isn't much oxygen
getting to their hearts [32, 33].

Control measure of air pollution

The following items are frequently used by
industry or transportation equipment as
pollution control devices. Prior to being
released into the atmosphere, they can either

International Journal of Research and Review (ijrrjournal.com) 247
Volume 10; Issue: 10; October 2023



Hassan Alzain. Impact of heavy metals on the climate change

eliminate contaminants or remove them

from an exhaust stream.

e Mechanical collectors, such as multi-
cyclones and dust cyclones
Electrostatic precipitators: An
electrostatic precipitator (ESP), also
known as an electrostatic air cleaner, is a
device for collecting particulates that
uses the force of an induced electrostatic
charge to remove particles from a
flowing gas (such as air).

o Electrostatic precipitators are extremely
effective filtration systems that only
slightly obstruct gas flow while
effectively removing fine particulates
from the air stream, including smoke
and dust.

e Bag residences: A blower, dust filter,
filter-cleaning  system, and  dust
receptacle or dust removal system make
up a dust collector, which is intended to
handle heavy dust loads (as opposed to
air cleaners, which use disposable filters
to remove the dust).

e Particulate scrubbers: A type of
pollution control technology is the wet
scrubber. The term refers to a wide
range of devices that use pollutants from
other gas streams or from the flue gas
from a furnace. In a wet scrubber, the
polluted gas stream is forced through a
pool of liquid, sprayed with the liquid,
or exposed to another method of contact
to the liquid in order to remove the
pollutants. [34-38]

1.2. Water pollution.

Government agencies and scientists have
focused their research on water pollution.
Additionally, increased evaporation,
geographical changes in precipitation
intensity, duration, and frequency (affecting
average runoff, soil moisture, and the
frequency and severity of droughts and
floods) are all effects of global warming that
have an effect on water resources. Due to
the rapid population growth and the
accelerated rate of industrialization, the
demand for freshwater has significantly
increased over the last few decades. The

majority of agricultural  development
activities endanger human health, especially
when they involve the overuse of fertilizers
and unsanitary conditions. [39, 40]

Water dissolves various organic and
inorganic  chemicals as  well as
environmental pollutants because it is a
universal solvent. Freshwater and marine
aquatic ecosystems are both susceptible to
pollution. Heavy metal contamination of
water resources is a serious environmental
problem that has a negative impact on
plants, animals, and human health [41].
Even at very low concentrations, heavy
metals are extremely toxic to aquatic
organisms [42]. These substances have been
shown to significantly alter  the
histopathology of fish tissues [43]. Heavy
metal contamination of aquatic ecosystems
comes from a variety of sources. Effluents
from mining operations are a source of
heavy metals in aquatic ecosystems [44].
Different industrial effluents, domestic
sewage, and agricultural run-off are
additional sources of heavy metal water
contamination. One of the main causes of
surface and groundwater pollution is the
untreated discharge of industrial effluents
into aquatic environments [45]. Due to their
toxicity, environmental persistence,
bioaccumulation, and biomagnification in
food chains, heavy metal pollution of water
bodies is a global issue [46].

Control Measures of Water Pollution
Given that we now understand what water
pollution is, let's examine some of the steps
taken to reduce it. There are numerous ways
to prevent and reduce water pollution. The
first step is to increase tree planting around
water bodies because trees naturally help to
absorb and recycle pollutants. The following
is a summary of some key points. Water
hyacinth is a plant that actively removes
pollutants from water by absorbing toxic
chemicals like cadmium and mercury that
are dissolved in water. It's crucial to
properly dispose of waste and avoid
dumping it into water bodies without first
treating it.
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Before directly disposing of chemicals and
other materials into water bodies, industries
should treat their wastes carefully.
Industries build sewage treatment and
wastewater treatment facilities to clean the
used water before mixing it safely with river
streams. It also makes water recycling
possible. It is beneficial for plants and water
to use natural pesticides and fertilizers in
place of chemical ones. Water pollution will
be significantly reduced by chemical
procedures like ion exchange, reverse
osmosis, and others. In order to lower the
overall level of pollution, it is preferable to
use less water during daily activities and to
reuse water whenever possible.

1.3 Soil pollution

Leaded paint, pesticides, animal manures,
fertilizers, sewage sludge, spills of
petroleum  distillates, coal combustion
residues, waste dumping, and wastewater
irrigation are all examples of intentional
pollution. Untreated sewage and wastewater
use has increased the number of heavy
metals in our agricultural lands, which have
then been absorbed by the crops that are
typically consumed by people [47]. Non-
intentional pollution can be caused by
flooding of seas and rivers, which brings
sewage and contaminated water to the land,
as well as collisions involving vehicles
carrying toxic chemicals [48]. Heavy metals
stay in the soil for a very long time because
they are not degradable by microbial or
chemical processes.

Because heavy metals are getting into the
food chain, the ecosystem is being
destroyed. Additionally, heavy metals
reduce the biodegradability of organic
pollutants, which has the effect of polluting
the environment twice. [49] These metals in
the soil pose risks to the entire biosphere
and are ingested directly by plants, which
can be dangerous for both the plant and the
food chain that consumes the plant. They
also change the soil's properties, such as pH,

Control measure of soil pollution

The rate of pollution has been suggested to

be reduced in a number of ways[50].

Environmental cleanup initiatives demand a

lot of time and money. Some actions to

lessen soil pollution include:

» The use of plastic bags thinner than 20
microns is prohibited.

« Reusing waste plastics.

» Prohibition of deforestation.

« Supporting agroforestry and plantation
programs. Lowering the wuse of
pesticides and chemical Fertilizers.

» Recycling materials like paper and
plastic. * Prohibit the use of plastic bags,
a major source of Pollution.

» Material reuse.

» Keeping forests intact and encouraging
their growth.

» Appropriate and secure disposal of
wastes, such as nuclear waste.

» Organic fertilizers and pesticides ought
to take the place of chemical ones.

« Supporting agroforestry and social
programs.
» Executing numerous pollution

awareness campaigns.

1.4. Sediment Pollution.

Heavy metal contamination of sediments is
a significant environmental problem with
effects on aquatic life and public health. In
the aquatic environment, sediments serve as
the primary repository for metals [51].
Sediment is the most prevalent type of water
pollution, according to the Environmental
Protection  Agency (EPA). Sediment
pollution is the harmful deposition of an
excessive amount of sediment into new
areas by wind and water. Drilling for land
development, stormwater runoff from farms
and residential areas, and hard coastal
protection structures (like seawalls) that
reroute sand movement are all sources of
sediment pollution.1

Sediment pollution affects a wide range of
factors, including infrastructure degradation,

color, porosity, and natural chemistry, ecological disruption, and the creation of
which lowers the soil's quality and unfavorable environmental conditions for
contaminates the water. human health and the economy [52]. Heavy
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metals are absorbed by sediments and
released into the water column.
Groundwater contamination can result from
the continued deposition of heavy metals in
sediments [53]. Numerous physicochemical
factors, such as temperature, hydrodynamic
conditions, redox state, content of organic
matter and microbes, salinity, and particle
size, influence the adsorption, desorption,
and subsequent concentrations of heavy
metals in sediments [54]. The chemical
make-up of the sediments, the size of the
grains, and the amount of total organic
matter (TOM) all have an impact on the
distribution of heavy metals in sediments
[55].

pH is a significant factor in determining the
bioavailability of metals in sediments. A
decrease in pH makes metal ions and H+
more competitive for binding sites in
sediments and may cause metal complexes
to dissolve, releasing free metal ions into the

water column [56]. Higher levels of
hazardous heavy metals in riverine
sediments may put benthos (bottom-

dwelling organisms) at ecological risk [57].

Control measure of sediment pollution

The proper methods and equipment are
needed to stop sediment pollution. By using
a weed-free mulch in your garden or lawn,
observing  sediment dispersion  from
construction sites, and washing your vehicle
on a water-absorbent surface, you can lessen
the amount of sediment pollution you
release into the environment. Storm drain
filters are also excellent tools and controls
for sediment pollution. Construction sites
that are prone to losing control of significant
amounts of sediment will benefit from the
use of turbidity curtains and sediment
barrier perimeter control fences [58-60].
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