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Abstract :

Pollution is one of the deadliest scourges of our time, not only because of its impact on climate
change but also because of its impact on health as a result of increased rates of severe illness and
mortality. Numerous pollutants are the leading cause of human illness. There are also micropol-
lutants and particulates with a variable diameter and a tiny size. The inhalation of these pollutants
can cause respiratory and cardiovascular diseases, dysfunction of the central nervous system, renal
disease, and cancer. In addition, nitrogen oxide, sulfur dioxide, hydrogen sulfide gas, and volatile
organic compounds are all considered air pollutants that negatively impact human health. When ex-
posed to and inhaled at high concentrations, carbon monoxide can also cause direct toxicity. Heavy
metals such as mercury, when assimilated by the human body, can cause acute or chronic toxicity,
depending on the level of exposure. The diseases that can be caused by pollution from a variety of
sources include primarily respiratory conditions like obstructive pulmonary disease, asthma, and
bronchiolitis, as well as lung cancer, central nervous system dysfunction, and skin diseases. This
study emphasizes regulatory efforts to reduce environmental pollution and population exposure to
avoidable environmental hazards. This study will shed light on the analytical techniques with high
reliability for detecting pollutants that affect human health.
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Introduction

Nowadays, one of the most import-
ant problems humanity has begun to
face is environmental pollution. With
the increasing incidence of pollution
and its widening, the situation has be-
come a direct and sometimes indirect
factor in eliminating or threatening a
particular environmental or social situ-
ation. Pollution is an urgent worldwide
problem that endangers the survival of
all life on Earth. It includes the intro-
duction of dangerous compounds into
the environment due to human activi-
ties, which can contaminate the air, wa-
ter, soil, and other ecosystems. There-
fore, human thought has tended to the
inevitability of reducing pollution cas-
es, and this requires laying foundations
and determinants to control pollution
cases [1]. This process requires setting
global foundations and determinants
to control pollution cases and finding
sophisticated and accurate scientif-
ic devices that can be used to reduce
various pollution cases. It is known to
researchers in the environmental field
that people with high environmental
awareness are more aware of the dam-
age caused by pollution.

For this reason, they considered pol-
lution a severe threat to their survival
and growth. The various pollutants
led to a clear imbalance in the envi-
ronmental system, and their effect is
evident on the earth in its atmosphere,
soil, and water .[2,3] One of the ob-
jectives of this study is to raise the lev-
el of environmental awareness in hu-
man society, to protect and improve the
environment, and to establish belief in
the importance and necessity of pre-
serving it. Human society needs a bal-
anced environment for its well-being
and progress, as the human ability to
adapt to environmental change is lim-
ited, resulting from the limited change
in physiological processes, which are
very slow [4]. This study also aims to
review the results presented by spe-
cialists in the environmental field,
which provided appropriate solutions
to many environmental problems in dif-
ferent parts of the world. This study
also shed light on the relationship be-
tween various diseases and exposure
to environmental pollutants, includ-
ing air, soil, and water pollution with
heavy metals. Environmental pollution
can be defined as the chemical, phys-
ical, and biological changes that oc-
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cur in the environment and cause the
emergence of a negative situation with
a direct impact on the environment. We
can also know that it is the addition of
any substance or any form of energy,
such as heat, sound, and radiation, to
the natural environment at a rate that
produces natural concentrations high-
er than the concentration of material or
materials [ 5,6 ].

Kinds of pollution

1. Water pollution: The pollution
of water supplies is currently a signifi-
cant threat to human and environmen-
tal health. In addition to being tainted
by disease-causing human waste, water
can also become polluted by the input of
industrial waste [7]. Water may be pol-
luted in several ways, including heat,
chemicals, organisms, and machines.
Various water-soluble additives are
available due to the wide range of set-
tings in which they can be used. These
compounds accumulate in aquatic eco-
systems, including oceans, lakes, and
rivers, as they make their way around
the water cycle. As a result, there was
a spike in pollution levels in the wa-
ter supply, which has consequences for
many creatures, including people [8].

The main pollutants of the water:
Inorganic pollutants (such as acids,
salts, and toxic metals), anions, and
cations (Ca*"?, Mg*? and F, as well
as nitrates, phosphates, and sulfates)
are among the most prevalent types of
pollutants that may be found in water
[9]. Other sorts of pollutants that may
be found in water include organic pol-
lutants. Organic pollutants such as oil
and pesticides can represent a substan-
tial threat to the ecology of the water.
This will be discussed in depth in this
investigation [10,11]. Heavy metals
are found at high concentrations in wa-
ter. The extensive use of pesticides in
agriculture and the improper disposal
of trash from industry and households
are two examples of the various human
activities that lead to the introduction
of these minerals into surface water
and groundwater. Even though many
of these minerals are considered nec-
essary for human health, when signifi-
cant amounts are consumed, they pol-
lute the water supply and lead to major
health i1ssues for all living species, in-
cluding people [12].

Heavy metals: Pollution caused by
heavy metals can have long-lasting det-
rimental impacts on the environment.
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A significant number of locations all
over the world contain unhealthy con-
centrations of various minerals and
heavy metals. Heavy metal contamina-
tion 1s caused mainly by the inefficient
handling of waste from mining and
industrial processes and the extensive
use of pesticides in agricultural pro-
duction. When heavy metals reach in-
credibly high concentrations in the soil
and water, they pose a significant risk
to the natural environment [13]. Heavy
metals, including cadmium (Cd), mer-
cury (Hg), lead (Pb), and thallium (T1),
are among the many that can harm
human health. Compounds of cadmi-
um have been used extensively in the
production of rechargeable nickel-cad-
mium batteries. Cadmium (Cd) emis-
sions are at an all-time high right now
as a direct result of the extensive use of
cadmium that has taken place in recent
years. Another significant way people
are exposed to cadmium is through
the use of tobacco products. Due to
this fact, the negative consequences
of cadmium exposure on one’s health
can most likely result in renal failure,
in addition to a significant number of
other disorders [14,15]. Fish are a sig-
nificant source of exposure to different

mercury compounds; hence, eating fish
can increase a person’s risk of mercu-
ry poisoning. There is speculation that
(Hg) from amalgam fillings may be the
root cause of various ailments, and this
hypothesis may be supported by the
fact that dental fillings contain mercury
[16]. Lead (Pb) may enter the body by
inhaling contaminated air and consum-
ing foods containing high lead levels.
For the last century, lead emissions in
the air have substantially contributed
to air pollution. This is due mainly to
lead emissions from petrol. Because of
the high absorption rate of the gastro-
intestinal tract and the porous blood-
brain barrier in children, children are
the most susceptible to lead poisoning
[17,18].

Heavy metal, known as thallium
(T1), 1s known to have a poisonous im-
pact and has negative consequences for
living creatures. Tl is a contaminant
that may be found in the environment
in high amounts, particularly in places
that have been industrialized [19]. The
toxicity induced by this poisonous met-
al can affect the malfunctioning of the
mitochondria and the role that Tl plays
in significant disorders such as cancer.
Thallium may be either dissolved or
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insoluble 1n a solid state when found
in natural waterways. When dissolved,
thallium can be either monovalent or
trivalent, depending on its condition
[20]. Researchers in the field of envi-
ronmental science are concerned about
the disposal of thallium or the reduc-
tion of its toxicity; as a result, their in-
terest has been focused on finding ways
to eliminate the effect of its toxicity.
Some of the essential factors affecting
the removal of thallium include, in a
nutshell, pH, ions that are metal ox-
ides, and organic substances. Most of
the research successfully investigated
the influence of pH by identifying the
optimal pH at which the effect could be
evaluated [21].

Regarding metal oxides, where they
were utilized as adsorbents to remove
thallium with a high adsorption capac-
ity, studies on thallium removal are
summed up by four metallic oxides
[22]. These metallic oxides include
titanium, iron, manganese, and alumi-
num [23]. Organic molecules are sig-
nificant in transporting metal ions, and
these materials constitute a complicat-
ed combination of naturally occurring
chemicals. The organic material is ad-
sorbed onto the surface of the adsor-

bent, which alters the interaction of TI
with the adsorption sites. As a result,
the impact of thallium ions is reduced
due to their connection with the active
groups present in the organic com-
pounds [24,25].

2. Air pollution

Air pollution is well recognized as a
prominent risk factor for human health
in contemporary society, including
conditions such as chronic obstructive
pulmonary disease, lung cancer, respi-
ratory infections, impairment of the
neurological system, and cardiovascu-
lar ailments [26,27]. Air pollutants that
threaten human health include nitrogen
oxide, sulfur dioxide, carbon monox-
ide, volatile organic compounds, diox-
ins, and polycyclic aromatic hydrocar-
bons. Inhalation of large doses of this
substance has the potential to induce
direct poisoning. Air pollution may
also be defined as a mixture of gases
and particles that have the potential to
infiltrate the human body upon inha-
lation via the respiratory system, with
the most minute particles capable of
directly accessing the brain through the
olfactory system [28]. A wide range of
solid, liquid, and gaseous pollutants
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are discharged into the atmosphere,
originating from natural and anthropo-
genic sources. These emissions include
pollutants produced by power produc-
tion facilities, as well as gases exhaled
during the combustion of solid waste.
The composition and concentration
of these pollutants vary significantly.
Various factors contribute to entering
detrimental substances into the atmo-
sphere, exacerbating air pollution [29].

The classification
of air pollutants
1. Gaseous pollutants
1.1 Carbon monoxide (CO)
Incomplete fuel combustion results
in the release of this colorless, odor-
less gas. Pollutants like these are re-
leased when fuels like coal or wood
are burned for heating. This gas is very
harmful to humans and animals and is
often regarded as one of the most haz-
ardous forms of air pollution. When
carbon dioxide binds to hemoglobin to
create carboxy hemoglobin, oxygen is
prevented from binding to hemoglobin,
and the organism is starved of oxygen.
The manifestation of specific symp-
toms in individuals exposed to this gas
can be attributed to several factors,

such as respiratory distress, muscular
weakness, relaxation, compromised vi-
sual acuity, and decreased blood pres-
sure[30,31].

1.2 Carbon Dioxide (CO,)

When organic materials, including
paper, firewood, coal, and petroleum
oil, are burned, carbon dioxide gas is
produced as a byproduct. Carbon diox-
ide gas, which results from fuel com-
bustion, 1s one of the most significant
pollutants people contribute to the air.
It 1s important to note that the excessive
use of fuel, the cutting down of forests,
and the reduction of green areas led
to the rise in the percentage of carbon
dioxide gas in the atmosphere [32].
Global warming can result from this
increase in atmospheric carbon diox-
ide. This gas makes breathing difficult
and creates congestion when concen-
trations rise. It also causes bronchitis
and throat inflammation by irritating
mucous membranes [33].

1.3 Nitrogen Dioxide (NO,)

This gas and other nitrogen oxides
come from organic molecule burning
and vehicle, truck, and industrial ex-
haust [34]. This gas mixes with atmo-
spheric water vapor to generate nitric
acid, which causes acid rain and envi-
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ronmental damage. The ozone layer,
which protects the planet from radia-
tion, is severely damaged when the rest
of the nitrogen oxides reach it. NO2 is
a dangerous gas because it irritates the
mucous membranes of the respiratory
system, which in turn causes lung dam-
age. Additionally, it irritates the eye’s
mucous membranes, making it difficult
for a person to see clearly [35,36].

1.4 hydrogen sulfide gas (H,S)

Hydrogen sulfide gas, commonly
known as H,S, has the odor of rotten
eggs and is produced when organic
matter decomposes [37]. It 1s also one
of the gases that are released during the
process of refining crude oil into a more
usable form. (H,S) is unlike carbon
monoxide or hydrogen cyanide in that
it mixes directly with hemoglobin in
the blood, which results in a deficiency
of oxygen reaching tissues and other
organs throughout the body. Exposure
to this gas directly harms the neurolog-
ical system, manifesting as impaired
cognitive function and tiredness [38].
Even though (H,S) gas causes dam-
age to people when they are exposed to
toxic concentrations, it was discovered
that many drugs contain sulfur radicals
in their composition. These sulfur rad-

icals, when ingested, can release (H,S)
gas, which plays an effective role in
treating some diseases or reducing the
severity of others [39,40].

1.5 Sulfur dioxide (SO,)

Sulfur dioxide gas is one of the cor-
rosive gases because it is regarded as
one of the most hazardous air pollut-
ants in populated cities and hydrocar-
bon industrial facilities. It involves the
combustion of hydrocarbons like coal
and petroleum oil. (SO,) is considered
to be one of the gases emitted by volca-
nic activity. As one of the components
of rain on Earth’s surface, sulfur diox-
ide gas pollutes the soil, vegetation,
rivers, seas, and waterways, causing an
imbalance in the ecosystem [41].

2. Solid polluting substances

Added to petrol and vehicle fuel to
increase fuel efficiency, lead 1s one of
the most polluting substances. Air pol-
lution 1s caused by lead released into
the environment by vehicle emissions,
including mercury and cadmium,
which were emphasized in the study’s
section on water contamination.

3. Influence of pollution on health
It is evident that since the advent
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of human society, individuals have in-
creasingly displayed a lack of concern
for the ecosystem and have adopted a
predominantly negative approach to-
wards their environment. Over time,
the human population has grown, in-
creasing demand for various resources
to fulfill their basic needs [42]. This has
led to various industries’ emergence
to cater to these needs. Furthermore,
there has been significant progress in
the utilization of chemicals and the de-
ployment of diverse weaponry in war-
fare. The factors above have contrib-
uted to environmental pollution and
degradation, rendering it susceptible to
destruction. Consequently, it is imper-
ative to elucidate the ramifications of
these factors in order to prevent such
occurrences and safeguard the envi-
ronment and human well-being [43].
Consequently, we will provide a list
of diseases that have impacted human
health due to a lack of interest in the
environmental system.

3.1 Lung cancer

As a result of smoking being one of
the most significant contributors to the
development of lung cancer, lung can-
cer is one of the most prevalent forms
of the disease. It is common knowledge

that an increase in the number of peo-
ple diagnosed with lung cancer may be
traced to a combination of factors, in-
cluding long-term exposure to pollut-
ed air and the expansion of smoking in
environments with a high population
density [44]. In developing countries,
where there is a correlation between
continuous exposure to cooking fumes
in which wood is used as fuel and the
rate of lung cancer among non-smok-
ers, there is a belief that women are
more likely to be infected because they
are the ones who do the duties of cook-
ing, as women spend much time every
day cooking. This belief is based on
the fact that women spend more time
in the kitchen than men do on average
[45].

3.2 Asthma

Asthma is well recognized as a
prevalent chronic respiratory condition
globally. Numerous research has yield-
ed substantial data substantiating that
air pollutants play a significant role
in the onset and escalation of asthma
[46]. The emissions generated from
fuel combustion directly impact the
escalation of hazardous gas concentra-
tions, thereby exposing individuals to
these gases and by-products. This ex-
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posure might result in respiratory sys-
tem irritation. One of the most critical
risk factors for the primary outcomes
of asthma in children and adults is ex-
posure to pollutants that are present in
abundant amounts in the air. This is
especially true for industrial pollution
and pollution connected to the traffic
generated by motor vehicles and other
types of vehicles [47].

3.3 Skin disease

The human skin, which serves as a
barrier between the body’s outside and
interior, is the biggest organ in the hu-
man body. The skin on a human being
1s mainly made up of three different
layers (fig .1) . In addition to playing
a significant part in sensory perception
and playing a critical function in the
regulation of the body’s temperature,
the skin is also an essential part of the
body’s defense system against alter-
ations, external influences, and biolog-
ical variables [48]. It plays these roles
in addition to playing an essential role
in protecting the body from change. It
1s possible to injure or scrape the skin,
which leads to this organ losing many
of its functions; yet, the skin’s rapid
self-healing occurs when damage oc-
curs. On the other hand, the skin is neg-

atively impacted by all forms of pollu-
tion, but notably by air pollution [49].
This 1s because pollutants interact with
the skin, which may result in various
skin illnesses and damage to the skin.
It is well known that exposing an organ
to pollutants results in inflammation,
tissue damage, and a substantial fault
in the skin’s numerous tasks. This, in
turn, adds to the ageing of the skin. Ex-
amining the inflammatory area of the
skin as a target is one of the methods
utilized and essential to protect the
skin from pollutants. This is done to
avoid the formation and worsening of
skin disorders that are a direct result of
pollution and to minimize damage and
inflammation by preventing the activa-
tion of inflammation [50].
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Fig 1: Describes the various skin layers.
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3.4 Kidney Disease

Kidney disease is a condition that
often affects a large number of indi-
viduals all over the world. One of the
possible causes of kidney disease is en-
vironmental pollution. Heavy metals,
fluoride, medications, bacterial toxins,
and chemical fertilizers are only some
of the many variables that might con-
tribute to developing this persistent
condition. Given its rising prevalence
and associated risks to human well-be-
ing, it is a significant health concern.
Heavy metals will be the primary topic
of discussion in this section since they
are one of the most significant environ-
mental contaminants that disrupt the
everyday activities of the body’s many

organs and can even lead to death [51].

Furthermore, research conducted by
experts in the area demonstrated a link
between ingesting water polluted with
heavy metals and the development of
renal illness. Even though initial expo-
sure to air pollution directly impacts
the respiratory system, it is possible to
argue that the kidney is the organ sub-
jected to more significant amounts of
pollutants due to its filtering role [52].
This 1s frequently seen in nations with
poor and intermediate levels of wealth.
In order to combat this worldwide is-
sue affecting the public’s health, it is
critical to protect the quality of the air
we breathe and to advocate for specific
actions that may be taken to reduce the
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risk of kidney disease. In addition, fur-
ther research is required [53].

4. Analytical Techniques

The analysis of pollutants is wide-
ly regarded as one of the most essen-
tial steps in controlling the spread of
pollution. One of the most significant
threats to human safety is the accumu-
lation of toxic heavy metals that, when
ingested, threaten human health. Food
safety requires developing a practical
test for identifying contaminants in
general and heavy metals in particular.
The methodologies employed to ana-
lyze pollutants exhibit variability con-
tingent upon the specific physical and

chemical characteristics of these pol-
lutants. Nowadays, there is a vast array
of analytical techniques that may be
used to identify and quantify various
kinds of contaminants. Chromatogra-
phy, spectroscopy, and several other
approaches, including electrochemical
methods and colorimetric titration, are
among the techniques that are high-
lighted most extensively in this article.
(Table 1) lists some of the other meth-
ods that are covered. Some examples
of spectroscopic methods are atomic
absorption spectrometry (AAS) and
inductively coupled plasma mass spec-
trometry (ICP-MS).

Table .1 demonstrates the analytical techniques

for detecting pollutants in various environmental samples.

Analytical Technique Analyte Ref.
ICP-OES As, U, Pb, Mn, Se 54

ICP-MS Pb and Cd 55

ICP-MS U, As, Hg, Pb, Cd 56

ICP-MS U, As, Zn 57

ICP-MS As, Cd, Cr, Cu, N1, Mn, and Pb 58

ICP-MS and ICP-OES V, Ca, As, Mn, Li, and U 59
Cold vapor atomic absorption He 60

spectrophotometry

Spectrophotometric techniques NO* ,NO?*, NH3, PO4*" 61
Titration methods As, Na, K, Ca, Mg, Li, B 62

AAS, semiquantitative modified As 63
(AAS) and graphite furnace AAS Hg, As, and Cr 64
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Analytical Technique Analyte Ref.
GC-MS/MS, and ICP-MS Pharmaceuticals, pesticide and Metals. 65
HPLC-ESI-MS Pesticides 66
UPLC-MS/MS Pharmaceutical, herbicides, and disinfectants | 67
HPLC- MS Pharmaceuticals 68
Q-TRAP LC/MS/MS Pharmaceuticals 69
GC/MS Pesticides 70
UPLC-MS/MS Antibiotics 71
SPE-HPLC-AFS Hg*, MeHg 72
ICP-MS/AAS Mn, Cr, As 73
ICP-AES Hg, As, Cd 74
LC-MS Mycotoxins 75
LC-MS/MS Aflatoxins B1, B2, G1, and G2 76
GC-MS/MS Pesticides 77
LC-MS/MS and GC-MS/MS Pesticides 78
LC-Q-TOF-MS Pesticides 79
HILIC-MS/MS and RPLC-MS/MS Veterinary drugs 80
Electrochemical Zn(1T), Cd(I1) and Pb(II) 81
Colorimetric Uranyl 82
ICP-MS Fe, Mn, Hg, As, Cd, Cr6+, and Pb 83
[CP-MS | Fe, Mn, Zn, Ba, a4
Ni, Cu, Pb, Se, Cd, and Ag
ICPMS Fe, Cr, As, Zn, V, Ni, Se, Sr, Cu, Al, Pb, Cd, 95
Sb, and Hg

5. Pollution prevention strategies
implemented by the government and
society

Governments in various regions of
the world have implemented various
anti-pollution initiatives, one of which

1s using affordable renewable energy
sources. Several national governments
have made significant investments us-
ing the abundant solar and wind power
accessible in their nations [86]. In ad-
dition to lowering the amount of fos-
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sil fuels used, which is a significant
contributor to environmental pollu-
tion. Moreover, government agencies’
persistent monitoring of industrial en-
terprises urges these businesses to ex-
ercise greater responsibility in their
production processes to ensure that
automobile manufacturers produce
models that use less fuel and produce
fewer harmful emissions[87,88]. At
the community level, it is essential to
encourage families to utilize less pol-
luting modes of transportation, such as
trains or bicycles, so fewer vehicles on
the highways, fewer fumes, and less
pollution. In contrast, the optimal use
of all forms of energy, including light,
water, and furnaces, enables us to re-
duce fuel consumption. We will pro-
duce fewer pollutants due to increased

energy consumption [89,90].

Conclusion

This study clarified that several
significant inferences may be made
regarding environmental contamina-
tion after serious consideration. First,
whether pollution is bad for the planet
and people 1s not debatable. Premature
mortality and respiratory disorders are
exacerbated by the air pollution gen-

erated by emissions from factories,
cars, and the combustion of fossil fu-
els. When pollutants are released into
water bodies, aquatic life suffers, and
the availability of clean drinking wa-
ter for people is threatened. Soil pol-
lution lowers agricultural yields and
ruins soil quality when farming prac-
tices and improper garbage disposal
cause it. Second, it is imperative to
recognize that environmental deterio-
ration is a global problem that can only
be addressed by coordinated action.
Easily, pollution can transcend con-
tinents and oceans. Successful action
requires global cooperation and coor-
dination. Governments, corporations,
and individuals must adopt sustain-
able behaviors, clean technology, and
strong legislation to reduce pollution.
The best way to combat environmental
degradation is to prevent pollution. So-
lar and wind power investments reduce
greenhouse gas emissions and climate
change. Recycling and proper disposal
can prevent dangerous waste from ac-
cumulating in landfills and marine bod-
ies. Promoting electric cars and public
transit can minimize city air pollution.
Education and awareness are crucial
to fighting environmental contamina-
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tion. Knowledge of pollution’s causes,
effects, and solutions fosters environ-
mental responsibility and agency. Edu-
cational institutions, governments, and
nonprofits must prioritize environmen-
tal education for sustainability. En-
vironmental contamination threatens
world stability and health. All layers
of society must act immediately. We
can give future generations a cleaner,
healthier, and more sustainable world
by acknowledging pollution’s conse-
quences, enhancing international col-
laboration, focusing on prevention,
and encouraging education.
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