RESEARCH PAPER

A Planet Under Threat: Environmental Pollutants leads to

Collapse of Human Health System

Dr. K. Rukmini', Prof. V. Madhavi?”

'Department of Applied Microbiology, Sri Padmavati Mahila Visvavidyalayam, Tirupati, Andhra Pradesh, India
Z*Department of Education, Sri Padmavati Mahila Visvavidyalayam, Tirupati, Andhra Pradesh, India
Corresponding Author: Prof. V. Madhavi
Ethical Clearance: The study is a part of a PM USHA Faculty Research Projects.

Author Contribution Statement: All the authors listed have significantly contributed to the development and the
write up of this article.

Data Availability Statement: No data was used for the research described in the article.
Declaration of competing interest: The authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work reported in this paper.
Acknowledgement: This work is supported by MERU grant under PMUSHA Faculty Projects, Sri Padmavati
Mahila Visvavidyalayam, Tirupati, Andhra Pradesh, India.

ABSTRACT
Numerous environmental contaminants are significant causes of human illness, affecting both public and
individual health as well as climate change, which raises mortality and morbidity. The lack of systematic
monitoring and the challenge of measuring exposure levels necessitate a deeper understanding of the connection
between contaminants and health impacts. Acute and chronic diseases are caused by a variety of contaminants.
The absence of knowledge about pollution exposure from less developed countries with inadequate waste
management, higher levels of poverty and restricted adoption of new technology necessitates a deeper
understanding of the relationship between pollutants and health effects. Furthermore, research becomes
challenging when health issues arise with prolonged exposure.
This review will discuss current understanding of the connection between environmental contaminants and
human health in an effort to close this knowledge gap. This summary discusses the causes of cancer as well as
how many environmental pollutants affect the human body's cardiovascular, pulmonary, reproductive,
neurological, and perinatal health.
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(NOx), Heavy metals, biological
INTRODUCTION contaminants,ozone, tobacco smoke and other
pollutants are released into the environment by
these sources. When these pollutants are consumed,
the body's natural functions are disturbed, which
: o can result in diseases including cancer, heart
environment as a result of human activity. disease, reproductive issues, issues with the fetal

E?Vlronmental conlt.?(mmatllon 18 somegmes a result central nervous system and respiratory ailments
of natural events like volcanic eruptions. Human (Manisalidiset al., 2020).

activity introduces pollutants through air, water and
soil contamination. The main ways that
contaminants enter the human body are by
ingestion, oral absorption, and inhalation. The
quantity of a particular pollutant that must be
consumed is referred to as the "dose" in most cases.
The dosage is determined by the duration and
degree of exposure Depending on the degree of
exposure, various health issues may develop.

Environmental pollutants are compounds that are
dangerous to human health that entered the

Tobacco smoke contains harmful chemicals like
nicotine, formaldehyde, arsenic, benzene and
cadmium that can lead to health issues. Cancer will
occur in both smokers and passive smokers, or
people who are exposed to tobacco smoke but do
not smoke. Possible illnesses include bronchitis,
asthma, throat infections, and eye burning.

Exposure to lead can damage the digestive and
brain systems and, in some cases, cause cancer.
Ozone exposure results in burns, eye itching, the
development of respiratory conditions including
asthma, and a reduction in our immunity to
pneumonia and colds. Children may experience
respiratory issues throughout the winter due to

In general, dangerous substances from both man
made and natural sources pollutes the environment.
The major sources ofpollution includechemical
firms, burning rubbish, power plants, vehicle
emissions and volcanic eruptions. Sulfur dioxide
(SO2), carbon monoxide (CO), Nitrogen oxides
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exposure to nitrogen oxides. The impact could be
either short-term or long-term, depending on the
kind and degree of exposure. Short-term side
effects include coughing, headaches, nausea,
dizziness, irritation of the eyes, skin, nose, and
throat, and more serious illnesses like bronchitis,
asthma, and heart and lung issues. Long-term
consequences include cancer, neurological,
reproductive, and respiratory issues (Ghorani-
Azam et al., 2016).

One of the natural resources required for human
use and development is water (Haseena, 2017).
One of the most significant issues facing the world
today is water pollution, which is harmful to both
the environment and human health. It is the
outcome of both natural and artificial human
activities (Arif, 2020). Household, industrial,
agricultural, and radioactive waste are the most
relevant sources of pollution (F.D. Owa, 2013). The
most frequently discharged component is carbonic
compounds, which include detergents, cleaning
supplies, and organic industrial wastes (Sarker,
2021).

Toxins from industrial waste are the main cause of
immunosuppression, infertility, and severe
poisoning. Groundwater in US rivers has reportedly
been impacted by high levels of pesticides and their
metabolites, including triazines and
chloroacetanilides (Paul and Meyer 2001). Water
pollution can also result from naturally existing
contaminants like arsenic or fluoride. Fertilizers
used in agricultural operations are believed to be
the primary cause of heavy metal contamination in
water (Ali et al., 2019).

Water contamination is linked to acute waterborne
infections like cholera, hepatitis, diarrhea, typhoid
vomiting, skin disorders, and kidney problems
(Wang and Yang, 2018). Visitors to poor countries
are vulnerable to diarrheal disease, which is a
major health problem there (Briggs, 2003) (Table
D).

Table 1. Major environmental pollutants, their
sources, and impact on human health

Pollut | Specific | Major Impact on
ant Polluta | Sources Human
Type nt Health
Air Particula | Vehicle Respiratory
Pollut | te emissions | diseases,
ants Matter , asthma,
(PM2.5 | industrial | bronchitis,
& processes, | lung cancer,
PM10) constructi | cardiovascula
on dust, | rdiseases
burning
of fossil
fuels
Carbon | Incomplet | Headache,

Monoxi | e dizziness,
de (CO) | combusti | reduced
on of | oxygen
fuels, supply,
motor unconsciousn
vehicles, | ess, death
generator | (high
s exposure)
Sulfur Coal- Respiratory
Dioxide | fired irritation,
(S0O2) power aggravation
plants, oil | of asthma,
refineries, | lung damage
industrial
emissions
Nitrogen | Vehicle Lung
Oxides exhaust, inflammation,
(NOx) power respiratory
plants, infections,
industrial | reduced lung
combusti | function
on
Ozone Photoche | Chest pain,
(Ground | mical throat
-level reactions | irritation,
0s) between worsened
NOx and | asthma
VOCs in
sunlight
Water | Heavy Industrial | Neurological
Pollut | Metals discharge, | damage,
ants (Lead, mining, kidney
Mercury | contamin | failure,
, ated developmenta
Arsenic) | groundwa | 1disorders
ter
Pathoge | Sewage Waterborne
ns discharge, | diseases
(Bacteri | untreated | (cholera,
a, wastewat | dysentery,
Viruses, | er typhoid)
Parasites
)
Nitrates | Agricultu | Methemoglob
& ral runoff, | inemia ("blue
Phospha | fertilizers | baby
tes syndrome"),
digestive
disorders
Industria | Factory Cancer, liver
1 waste, damage,
Chemica | chemical | endocrine
Is spills disruption
(PCBs,
solvents
)
Seil Pesticid | Agricultu | Cancer risk,
Pollut | es & | ral hormonal
ants Herbicid | activities | imbalance,
es nervous
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system

disorders
Solid Improper | Toxic
Waste & | waste exposure,

Plastics disposal, microplastic
landfills ingestion

effects
Heavy Mining, Bioaccumulat
Metals industrial | ion leading to
in Soil waste organ damage
dumping
Noise | Traffic Transport | Hearing loss,
Polluti | noise, ation stress,
on industria | systems, | hypertension,

1 noise, | factories, | sleep

loudspea | urban disturbance
kers activities
Radiat | Radioact | Nuclear Cancer,
ion ive plants, genetic
material | medical mutations,
S, waste, birth defects
nuclear | improper
accident | disposal
s
Therm | Heated Power Reduced
al industria | plants, water oxygen
Polluti | 1 water | industrial | levels
on discharg | cooling (indirect
e systems health effects
through
ecosystem
damage)
METHODOLOGY

This review compiles and analyzes the original data
generated and provided by other academic and
professional  researchers who looked into
contaminants and their health effects. We used the
phrases particulate matter, disease, pollution,
health, mortality, and morbidity to search Google
Scholar, PubMed, and Sci-Hub for relevant studies.
The search was done without regard to any specific
date.

This review compiles and analyzes the original data
generated and provided by other academic and
professional  researchers who looked into
contaminants and their health effects. We used the
phrases particulate matter, disease, pollution,
health, mortality, and morbidity to search Google
Scholar, PubMed, and Sci-Hub for relevant studies.

The prerequisites for article inclusion were as
follows: 1. appearing in a peer-reviewed journal; 2.
include pollutants in the exposure list; 3. taking
into account the consequences for cardiovascular,
cancer, reproductive, respiratory, and fetal health;
and 4. investigating the connections between
pollutants and these outcomes. Articles were
excluded based on the following criteria: 1. Articles
written in languages other than English 2.

publications that did not address the health effects
of pollution; and 3. articles without any reference
of individuals. After being filtered based on the
inclusion and exclusion criteria, 139 pieces of
literature in all were used in the study.

Respiratory health

Pollution exposure and respiratory conditions are
clearly correlated. Carbon monoxide, ozone (O3),
sulfur dioxide (SO2), nitrogen dioxide (NO2),
heavy metals, and particulate matter are some of
the compounds present in industrial and automotive
emissions. Soil and water contaminated with
pesticides, heavy metals, and plastic additives are
also detrimental to respiratory health. Human
exposure to these pollutants has been linked to
pneumonia,  bronchitis, chronic  obstructive
pulmonary disease, coughing up phlegm, and other
upper and lower respiratory tract conditions.
Inhaling harmful particles and gases from the
environment weakens the lung's defenses by
restricting ~ macrophage  function,  lowering
mucociliary clearance, and increasing epithelial
permeability. (Morettol, 1991 &Sunyer, 2010).

Furthermore, throughout the pesticide workers'
work shift, symptoms such as coughing, wheezing,
chest tightness, throat irritation, and dryness
increased (Zuskin, 2008). Some research have
shown the impact of environmental pesticides on
pediatric asthma, despite the lack of data on adult
populations (Salameh, 2003 & Salam, 2004).

Burning plastic bags emits chemicals into the
atmosphere that can cause lung damage, long-term
health issues, and respiratory conditions like
asthma and emphysema (Verma, 2016). Chlorine,
which is generated during burning and has an
impact on the human respiratory system, is found
in polyvinyl chloride. Bisphenol A (BPA) levels in
children's urine have been linked to asthma in a
prospective birth cohort study (Verma, 2014).
Heavy metals like lead (Pb) and cadmium (Cd) can
cause emphysema and chronic obstructive lung
disease in generations exposed to cigarette smoke.
Chemical pneumonitis is brought on by exposure to
cadmium vapors in the environment.

Compared to the digestive system, the lungs absorb
Cd far more quickly (Oosthuizen Jacques, 2012,
Figueroa, 2008). Given that smoking during
pregnancy is a source of Cd, maternal cigarette
smoking also had an impact on the relationship
between manganese (Mn) and infant blood pressure
(Zhang et al., 2021). Furthermore, some research
suggests that smoking by the mother during
pregnancy may  promote the  placenta's
accumulation of Cd. A study found a correlation
between Mn levels in urine samples from young
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individuals with lung functioning (Shu et al,
2021).

Impa;:t of Environmental Pollutants
on the Respiratory System

mog, Exhaust, Toxins, VOCs,
Particulate Matter _ 3 Heavy Metals

Pesticides ~ 5 2 Indoor
& Herbicides Pollutants

Fig. 1. Impact of environmental pollutants on the
respiratory system.

Reproductive and prenatal health

Reproductive health: Reproduction is negatively
impacted by environmental contamination. Male
and female reproductive function is significantly
impacted by small-scale pollution exposure (Ma et
al., 2019). Exposure to environmental toxicants
increases oxidative stress and reduces the
production of antioxidant enzymes such superoxide
dismutase, catalase, and glutathione peroxidase.
ROS are created in response, harming the DNA,
proteins, lipids, and carbohydrates in cells (Sikka,
2001). Oxidative stress, which also causes
apoptosis and abnormalities in germ cells, is the
cause of male infertility (Turner and Lysiak, 2008).

By transferring genetic harm to the developing
embryo, the defective sperm may result in early
pregnancy loss or other developmental problems
(Rubes et al., 2007). The ability of the reproductive
organs to act as antioxidants is diminished by
exposure to PM2.5 during pregnancy. It damages
the oxidative stress response and reproductive
function by producing reactive oxygen species
(ROS) (Veras et al., 2010 &Guboryet al., 2010 &
Agarwal, 2012). Granulocytes and oocytes exposed
to PM25 may experience mitochondrial
malfunction, activation of the apoptotic pathway,
and induction of apoptosis (Wang et al., 2021)
(Figure 2).

AHRER Reproductivity & Prenatal Health
wg —
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asiag Air Pollution % Premature Birth
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Reproductive Issues @ Low Birth Weight
Industril Chemlcals
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; Quality Delays

@\ Heavy Metals

Lead, Meraury) =

@ Plastics & °'""'“’" phorders & & snnmn‘i‘ l Disorders

Endocrine Disruptors
3 Growth

& impairments
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inMen inWomen

Blrth Defects Birth Defects

Increased Risks to Fertility & Fetal Health =

Fig. 2.Effect of environmental pollutants on
reproductivity and prenatal health.

Prenatal health

Environmental contaminants have a major impact
on prenatal health. Prenatal exposure to
environmental pollutants like nitrogen dioxide,
tobacco smoke, and particle matter has been shown
to have detrimental effects on the fetus (van et al.,
2012). Man-made pollution increases glutathione
depletion, redox activity, and heme oxygenase-1
activation, which may increase the risk of
mitochondrial dysfunction and genetic epigenetic
consequences (Sioutaset al., 2003 and Proietti et
al., 2013). These mechanisms may disrupt
placental hemodynamics during pregnancy, leading
to a decrease in the supply of nutrients and oxygen
(Zhang and Connor et al, 1995).Relative oxygen
species are created when the human body is
exposed to pollutants, which subsequently results
in oxidative damage and pro-inflammatory
consequences. Additionally, there is damage to the
mitochondria, which hinders the production of ATP.

Risk of cancers

Many environmental pollutants are carcinogenic
and mutagenic. Between 70 and 80 percent of all
cancer types have been connected to environmental
pollutants. The molecular processes of pollution-
related carcinogenesis have received little attention.
Nonetheless, a number of inverse models show
how pollution impacts cell growth and cancer. A
metanalysis has confirmed the nonlinear dose-
response relationship between DNA adducts and air
pollution. In human epithelial cells exposed to
PM2.5, many genes and microRNAs can become
hypomethylated and activated during transcription,
changing signaling pathways linked to cancer.
Since they can affect tumor suppressor genes, gene
mutation and silencing are especially significant
during the carcinogenic process. There are multiple
phases of carcinogenesis, including initiation,
promotion, and progression(Turner et al,
2020).(Figure 3).
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Environmental Pollutants
 Causing Cancer in Humans

Air Polution’ Pesticides

%
Toxic Chemicals 3 #% f Lung
Asbestos, Benzene, Dioxins 5§

DNA Damage - Cell Mutations

Fig. 3. Environmental Pollutants causing cancer in
Humans

Neural health

Numerous neurological conditions are caused by
environmental contaminants. The main causes of
neurotoxicity are exposure to environmental
pollutants such as waste from industries, pesticides,
exhaust from vehicles, waste from research and
diagnostic laboratories, and terrestrial burning
waste (Iqubaler al., 2020). Exposed PM2.5 can
enter the alveolar region and travel to the brain and
enters into  bloodstream  (Coastaet  al.,

| Cancer EWater Pollution
A :
£ Contaminated Water

2019).Through the cranial nerves and the blood-
brain barrier, ultrafine particulate matter (UFPM)
penetrates the brain and travels to areas like the
cerebellum and central cortex.

These particles swiftly make their way to the
central nervous system, where they might cause
astrocytes, microglia, and neurons to produce
reactive oxygen species (ROS), which raises lipid
peroxidation and neuroinflammation in various
brain regions. Among the pathogenic mechanisms
that coexist in almost all neurological illnesses are
blood-brain barrier disruption, protein aggregation,
oxidative stress, mitochondrial dysfunction, and
DNA damage. In 2021, Lee et al.,(Figure 4).

: ‘\Neuminflammation

\l/) Oxidative Stress

Environmental Péllutarits & Neural HeaIth‘

Fig. 4.Environmental Pollutants causes neural
health issues

Cardiovascular health

Pollution exposure causes a number of illnesses
and deaths. More than 60% of cases in this group
are related to cardiovascular disease ( Miinzelet al.,
2023). According to Murray et al., (2020) and
Rajagopalan and Landrigan (2021), these are the
main causes of death and disability.

Environmental causes of cardiovascular disease
account for a greater number of deaths than
metabolic, nicotine, and behavioral risk factors.
(Cohen et al., 2019) Depending on its size, airborne
particles like filth raises the risk of heart attacks
and heart diseases. (Combes and Franchineau 2019
and Liu et al,, 2008) J. Cardiovascular disease,
stroke, and changes in blood pressure were
associated with nitrogen oxide (NO2), elemental
carbon and PM2.5 and PM10 (Lee et al,, 2014).

Particulate matter that is inhaled settles in the
circulatory system's alveoli. Oxidative stress is
exacerbated by ROS generation. Rao et al., 2018).
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Effects of Environmental Pollutants onthe
Cardiovascular System

"

B Health Impactsonthe Heart & Vessels

Inflammation
Onidative Sress

High Blood Pressure ﬁ Ireglar H.e;n Rhythms
Fig. 5. Effects of environmental pollutants on the
cardiovascular system

Future challenges, measures and implications
Strong  governmental  policies, cutting-edge
infrastructure, and technology might significantly
lessen the pollution problem. Human dishonesty is
a major issue that makes solving the current
challenges difficult. The public's lack of interest in
pollution control measures and an insufficient
ecological management system are two of the many
obstacles to attaining the goal of a clean
environment. The public's lack of interest in certain
government initiatives could result in a significant
loss of investments in infrastructure facilities
(Gurjar et al, 2016). Reforming everything is a
massive task that will take decades. However,
defining the goals of this shift and reaching an
agreement on its spirit are necessary to decide the
next course of action.

CONCLUSION

Even though pollutants have long existed in the
environment, exposure to them continues to be the
biggest threat to humankind and a major
contributor to environmental disease and mortality.
Among the human activities that have had the most
effects on environmental pollution worldwide are
urbanization,  industrialization, mining, and
exploration. Both countries like well developed and
developing nations share this obligation, even if
knowledge and toughest laws in richer nations have
contributed to environmental conservation to a

larger degree. Pollutants continue to have an impact

despite receiving more attention because of their

serious long-term impacts.
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