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Abstract: The intensification of industrial
activities,  urbanisation, and chemical
production over the past century has led to the
pervasive release of toxic chemical pollutants
into the environment. These contaminants—
including heavy metals, persistent organic
pollutants (POPs), endocrine disruptors,
pharmaceuticals, pesticides, synthetic dyes,
and emerging industrial chemicals—pose
serious threats to environmental and human
health. This integrated review examines the
environmental chemistry, toxicological
pathways, and health outcomes associated with
these pollutants. It highlights the mechanisms
of human exposure, including inhalation,
ingestion, and dermal contact, and identifies
vulnerable populations such as children,
pregnant women, the elderly, and low-income
communities. Case studies from Japan, the
United States, Ghana, Bangladesh, and India
are presented to illustrate real-world
consequences of pollution mismanagement.
The work further explores advanced analytical
techniques used in pollutant detection (e.g.,
GC-MS, ICP-MS, HPLC, FTIR, biosensors),
and outlines the framework of risk
assessment—comprising hazard identification,
dose-response assessment, exposure analysis,
and risk characterization. Finally, it discusses
the integration of scientific evidence into public
health policy, guided by principles such as the
Precautionary  Principle, Polluter Pays
Principle, and Environmental Justice. This
review underscores the importance of
multidisciplinary collaboration to ensure
effective chemical regulation, community
protection, and sustainable environmental
stewardship.
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1.0 Introduction

The release of chemical pollutants into the
environment has intensified over the last
century due to industrialization, urban
expansion, intensified agriculture, and
unsustainable waste management practices.
These pollutants, which include heavy metals,
persistent ~ organic  pollutants  (POPs),
endocrine-disrupting chemicals (EDCs), and
pharmaceutical residues, are widely distributed
across environmental media such as air, soil,
and water. Their persistence, bioaccumulative
potential, and toxic effects make them a serious
concern for ecological integrity and public
health (Landrigan et al., 2018; UNEP, 2022).
Environmental chemistry provides critical
insights into the origin, chemical behavior,
transformation, and fate of these substances in
the ecosystem. Numerous studies have
documented the mechanisms through which
pollutants enter the environment and
subsequently reach humans through air
inhalation, ingestion of contaminated food and
water, or dermal contact (Ali et al., 2019;
Grandjean & Landrigan, 2014). Heavy metals
like lead and mercury have been shown to
bioaccumulate and biomagnify in food chains,
leading to neurotoxic and nephrotoxic effects
in humans (Tchounwou et al., 2012). POPs
such as polychlorinated biphenyls (PCBs) and
dioxins, introduced through industrial
emissions and improper waste incineration,
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persist in the environment for decades and are
linked to immune system damage, cancer, and
endocrine disruption (ATSDR, 2020; WHO,
2021).

Endocrine-disrupting compounds such as
bisphenol A (BPA), phthalates, and
nonylphenols, commonly found in plastics,
cosmetics, and detergents, interfere with
hormone signaling and have been implicated in
reproductive abnormalities, metabolic
disorders, and certain cancers (Diamanti-
Kandarakis et al., 2009; Gore et al., 2015).
Additionally, pharmaceutical pollutants—
including antibiotics, analgesics, and hormonal
drugs—often escape conventional wastewater
treatment and are increasingly being detected
in surface and groundwater sources,
contributing to antimicrobial resistance and
ecological disturbances (Kimmerer,
Dionysiou, Olsson, & Fatta-Kassinos, 2018).
Despite the volume of evidence on the adverse
effects of these contaminants, much of the
research remains compartmentalized, with
limited interdisciplinary integration between
environmental chemistry and public health
domains. Existing risk assessments often fail to
account for cumulative exposures and
synergistic effects among multiple pollutants
(Wang et al.,, 2020). Furthermore, many
epidemiological studies do not adequately
consider the chemical-specific fate and
transport mechanisms that influence human
exposure,  particularly  in  vulnerable
populations.

This review addresses these gaps by adopting
an integrated approach that combines
environmental chemistry with toxicological
and public health perspectives. Specifically, it
aims to:

(i) examine the major classes of chemical
pollutants, their environmental pathways, and
behavior;

(i) evaluate their human health impacts
through case-based evidence

(i) identify ~ particularly  vulnerable
populations
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(iv) assess current monitoring and mitigation
strategies from both environmental and public
health lenses.

The significance of this study lies in its
interdisciplinary synthesis, which offers a
comprehensive understanding of how chemical
pollutants translate into public health
challenges. This understanding is essential for
designing effective pollution control policies,
enhancing chemical risk communication, and
promoting  equitable  health  protection
strategies globally, particularly in resource-
limited settings (Landrigan et al., 2018; UNEP,
2022).

2.0 Classification, Sources, and Health
Effects

Chemical pollutants encompass a wide array of
substances introduced into the environment by
anthropogenic activities. These pollutants vary
in their chemical structure, persistence,
bioaccumulation potential, and toxicity.
Understanding the classification, sources, and
health implications of these pollutants is central
to assessing environmental and public health
risks. Table 1 provides a summary of major
pollutant categories, representative examples,
common sources, and documented human
health effects.

The pollutants listed in Table 1 represent
priority contaminants of both environmental
and public health concern. Their pervasive
presence in environmental matrices such as air,
soil, water, and biota has led to a growing
burden of chronic diseases and ecological
degradation globally.

Heavy metals, such as lead (Pb), mercury (Hg),
arsenic (As), and cadmium (Cd), are naturally
occurring elements but are significantly
mobilized into the environment through human
activities like mining, fossil fuel combustion,
battery disposal, and the use of phosphate
fertilizers and pesticides (Ali et al., 2019;
Tchounwou et al., 2012). These metals are non-
biodegradable and can persist in ecosystems for
decades. Exposure to heavy metals,
particularly in children, has been linked to
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neurodevelopmental disorders, renal
dysfunction, and cognitive impairment
(Grandjean & Landrigan, 2014; WHO, 2021).

Table 1. Major Classes of Environmental Chemical Pollutants, Sources, and Human Health

Impacts

Pollutant Type Examples Primary Sources Health Impacts

Heavy Metals Lead, Mercury, Mining, battery Neurological, renal, and
Arsenic, Cadmium  disposal, pesticides, developmental defects

smelting
Persistent Organic PCBs, Dioxins, Waste incineration, Cancer, endocrine
Pollutants Furans industrial discharge disruption, immune
suppression

Endocrine BPA, Phthalates, Plastics, detergents, Reproductive issues,

Disruptors Nonylphenol personal care products obesity, cancer

Pharmaceuticals & Antibiotics, Improper  disposal, Antimicrobial resistance,

PPCPs painkillers, wastewater effluents  hormonal imbalances
hormones

Pesticides and DDT, Glyphosate, Agriculture, vector Neurotoxicity, endocrine

Herbicides Atrazine control disruption,

carcinogenicity

For example, chronic lead exposure disrupts
synaptic activity and neurotransmitter function,
leading to learning disabilities and reduced 1Q
in children.

POPs such as polychlorinated biphenyls
(PCBs), dioxins, and furans are characterized
by their long environmental half-lives,
lipophilicity, and ability to undergo long-range
atmospheric transport (UNEP, 2022). These
compounds are primarily released from
industrial processes, waste incineration, and
accidental chemical spills. POPs accumulate in
adipose tissue and biomagnify through the food
chain. Epidemiological studies have associated
them with endocrine disruption,
immunotoxicity, teratogenicity, and
carcinogenesis (ATSDR, 2020; Landrigan et
al., 2018).

Endocrine-disrupting  chemicals  (EDCs)
include bisphenol A (BPA), phthalates, and
nonylphenol, which are ubiquitous in consumer
products such as plastics, cleaning agents, and
cosmetics. These compounds mimic or

antagonize hormonal functions, interfering
with the hypothalamic-pituitary-gonadal axis,
thus affecting reproductive health (Diamanti-
Kandarakis et al., 2009; Gore et al., 2015).
Animal and human studies suggest a strong
association between EDC exposure and
infertility, metabolic disorders, early puberty,
and hormone-dependent cancers.

The class of pharmaceuticals and personal care
products (PPCPs) includes antibiotics,
painkillers, and hormonal medications. These
compounds enter aquatic environments mainly
through  wastewater discharge, hospital
effluents, and improper disposal of unused
medications (Kimmerer et al., 2018).
Conventional wastewater treatment plants are
not fully efficient in removing these
micropollutants. Their presence in the
environment contributes to the development of
antibiotic-resistant bacteria, disruption of
aquatic endocrine systems, and long-term
hormonal imbalance in humans (Boxall et al.,
2012).
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DDT, glyphosate, and atrazine represent
widely used pesticides and herbicides in
agriculture and vector control. Although some
have been banned or restricted in many
countries, their residues persist in soils and
water bodies (Jayaraj et al., 2016). These
chemicals are neurotoxic and endocrine-
disrupting and have been implicated in various
cancers and congenital malformations.
Atrazine, for example, has been shown to
feminize male frogs, indicating its potent
endocrine activity (Hayes et al., 2010). Human
epidemiological studies link chronic pesticide
exposure  with  Parkinson’s disease,
reproductive dysfunction, and haematological
cancers (Mostafalou & Abdollahi, 2013).

The classification presented in Table 1 shows
the diversity of chemical pollutants, their
widespread sources, and their multifaceted
health effects. Understanding these

relationships is crucial for designing effective
monitoring frameworks and implementing
regulatory policies that protect public health,
particularly in vulnerable populations and
polluted regions.

3.1 Other Categories of Chemical
Pollutants
Beyond heavy metals, pesticides, and

pharmaceuticals, several other chemical
pollutant groups have gained prominence due
to their environmental persistence and growing
public health implications. These include
synthetic dyes used in textiles, emerging
contaminants such as microplastics and
nanomaterials, and industrial chemicals like
solvents and flame retardants. Table 2 outlines
these pollutant types, including representative
examples, common environmental sources, and
major health effects.

Table 2. Additional Classes of Chemical Pollutants: Sources and Human Health Impacts

Pollutant Type Examples

Primary Sources

Health Impacts

Synthetic Dyes  Azo dyes, Methylene

Textile effluents, leather

Carcinogenicity, skin

blue, Malachite tanning, printing allergies, mutagenicity
green industries
Emerging Microplastics, Consumer products, Endocrine disruption,
Contaminants Nanoparticles, PFAS packaging, wastewater oxidative stress,

treatment plants

developmental toxicity

Industrial Benzene, Toluene, Petrochemicals, plastic Neurotoxicity, respiratory
Chemicals Formaldehyde, manufacturing, solvents illnesses, cancer

PCBs
Synthetic dyes, particularly azo dyes, Azo dyes, which constitute over 60% of

malachite green, and methylene blue, are
extensively used in the textile, leather, and
paper industries. These dyes are characterized
by complex aromatic structures that resist
biodegradation, making them persistent
organic pollutants in aquatic environments
(Chung, 2016). Effluents from dyeing
processes often contain high levels of toxic,
colored, and chemically stable dyes which are
difficult to remove through conventional
wastewater treatment methods (Rauf & Ashraf,
2012).

commercial dyes, can undergo reductive
cleavage in anaerobic environments to form
aromatic amines, many of which are
carcinogenic and mutagenic (Gita, Hussan, &
Chandra, 2017). Chronic exposure to
contaminated water has been associated with
dermatological problems, liver toxicity, and
increased cancer risk, particularly among
textile workers and communities living near
discharge points.

Emerging contaminants refer to substances not
commonly monitored but are increasingly
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detected in the environment and pose potential
ecological and human health risks. These

include microplastics, engineered
nanomaterials, per- and polyfluoroalkyl
substances  (PFAS), and disinfection

byproducts (Richardson & Ternes, 2018).
Microplastics—defined as plastic particles less
than 5 mm—originate from the degradation of
larger plastics or as microbeads in cosmetics.
These particles can adsorb heavy metals and
hydrophobic organic pollutants, facilitating
their transport in biological systems (Wright &
Kelly, 2017). Ingestion by humans through
food, water, or air has been linked to
inflammatory  responses, gut microbiota
disruption, and oxidative stress.

PFAS, commonly found in firefighting foams,
waterproof clothing, and non-stick cookware,
are dubbed “forever chemicals” due to their
extreme environmental persistence.
Epidemiological studies have associated PFAS
exposure with immune suppression, thyroid
disease, reduced fertility, and developmental
issues in children (Post, Cohn, & Cooper,
2012).

Industrial chemicals such as benzene, toluene,
formaldehyde, and PCBs are widely used in
solvent production, plastic manufacturing, and
flame retardants. These chemicals often enter
the environment through industrial discharges,
spills, or atmospheric deposition. Volatile
organic compounds (VOCs) like benzene and
toluene are known to contaminate indoor and
outdoor air, posing serious risks through
inhalation.

Benzene is a well-established leukemogen and
has been linked to bone marrow suppression
and acute myeloid leukemia (AML) (Smith,
2010). Formaldehyde, frequently used in
building materials and disinfectants, is a Group
1 human carcinogen (IARC, 2012), associated
with nasopharyngeal cancer and occupational
asthma. Long-term exposure to PCBs—though
banned in many countries—continues due to
their persistence in legacy equipment and
environmental reservoirs, leading to liver
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toxicity, neurobehavioral changes, and
endocrine disturbances (ATSDR, 2020).

These additional classes of chemical
pollutants—dyes, emerging contaminants, and
industrial chemicals—are increasingly
recognized for their contribution to
environmental degradation and chronic health
outcomes. Unlike conventional pollutants, they
often escape routine monitoring, accumulate
silently, and interact synergistically with other
contaminants.  Strengthening  regulatory
oversight, advancing analytical techniques for
detection, and fostering interdisciplinary
research are crucial for managing these threats.
Chemical contamination of the environment
involves a broad and complex range of
pollutants that originate from various human
activities, including industrial manufacturing,
agriculture, pharmaceuticals, and the use of
consumer  products.  Understanding the
classification of these pollutants and the ways
in which they contribute to human exposure is
essential  for  effective  environmental
monitoring and public health protection. Figure
2 illustrates a hierarchical framework that
organizes chemical contaminants into major
classes and subtypes, ultimately linking them
to the risk of human exposure. This schematic
representation simplifies the complexity of
environmental contamination by clarifying the
relationships  between different pollutant
groups and the pathways through which they
enter human biological systems.

At the top of Figure 2 is the broad category of
chemical contaminants, which includes a wide
array of substances released into the
environment through anthropogenic sources.
These contaminants are classified into five
major groups: heavy metals, persistent organic
pollutants (POPs), endocrine disruptors,
pharmaceuticals and personal care products
(PPCPs), and industrial chemicals. Each of
these classes exhibits distinct environmental
behaviors and toxicological properties, but all
contribute to adverse human health outcomes
through various exposure pathways.
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Fig.1: Summary of the classification scheme for chemical contaminants

Heavy metals such as lead, mercury, arsenic,
and cadmium are highly toxic and capable of
bioaccumulating in food chains. Persistent
organic pollutants, including polychlorinated
biphenyls (PCBs) and dioxins, are known for
their chemical stability, resistance to
degradation, and long-range environmental
transport. Endocrine-disrupting compounds,
such as bisphenol A (BPA) and phthalates,
interfere with the normal functioning of
hormonal systems, while pharmaceuticals and
PPCPs, increasingly found in wastewater and
aquatic environments, pose new and complex
challenges for environmental and health risk
management.  Industrial  chemicals like
benzene, toluene, and formaldehyde are widely
used across manufacturing sectors and are
associated with various forms of toxicity,
including carcinogenic and neurotoxic effects.
Subcategories shown in the diagram further
refine the classification of contaminants.
Pesticides and herbicides are linked to heavy
metals due to their agricultural origin and the
inclusion of metallic compounds in some
formulations. Synthetic dyes, often found in
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textile and printing effluents, fall under the
group of persistent organic pollutants because
of their mutagenic properties and resistance to
biodegradation. Emerging contaminants such
as microplastics, engineered nanoparticles, and
per- and polyfluoroalkyl substances (PFAS)
extend from endocrine disruptors, as they
exhibit similar biological interference in
humans and wildlife. Industrial chemicals are
also associated with the release of
pharmaceuticals and PPCPs, especially in cases
of improper disposal or discharge from
manufacturing plants.

Ultimately, all these contaminant classes lead
to human exposure. This occurs through
multiple environmental pathways such as
inhalation of contaminated air, ingestion of
polluted water or food, and dermal contact with
contaminated soil or products. The
convergence of these pollutants into the human
exposure pathway emphasises the cumulative
and often synergistic risks they pose.
Populations living near emission sources or in
low-regulation  settings are  especially
vulnerable to the resulting health effects, which
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include cancer, respiratory illnesses, endocrine
disorders, neurodevelopmental damage, and
immunosuppression.

Figure 2 thus serves not only as a classification
scheme but also as a conceptual model for
understanding the complexity of environmental
chemical exposure. It reinforces the necessity
for integrated environmental policies,
advanced  detection  techniques, and
comprehensive public health strategies that
take into account the combined influence of
diverse chemical pollutants. Such an approach
is essential for reducing human vulnerability
and safeguarding ecosystem health in an era of
growing chemical intensity.

3.0 Environmental Fate and Transport

Understanding the environmental pathways
through which chemical pollutants travel from
their emission sources to points of human
exposure is central to environmental chemistry
and public health risk assessment. Pollutants,
once released into the environment, are not
confined to their point of origin. Instead, they
undergo complex transport and transformation
processes across various environmental media.
These  processes, governed by the
physicochemical properties of the
contaminants and the nature of the surrounding
environment, influence their bioavailability,
persistence, and eventual health impacts.

Figure 1 presents a schematic representation of
the major pathways through which chemical
pollutants move through the atmosphere, soil,
groundwater, and surface water systems before
reaching humans. The illustration highlights
volatilization, deposition, leaching, and runoff
as key mechanisms contributing to
environmental dispersion and human exposure.
As shown in Fig. 1, emission sources such as
industrial activities, agriculture, combustion,
and waste disposal can initiate the release of
pollutants into the environment. These
emissions often enter the atmosphere through
volatilization, where chemicals transition from

a liquid or solid phase to a gaseous phase.
Atmospheric pollutants can remain airborne,
contributing to local and global air pollution, or
they can return to terrestrial or aquatic systems
via dry and wet deposition (Seinfeld & Pandis,
2016).

Following deposition, contaminants
accumulate in the soil, where they may persist
due to sorption to mineral or organic matter.
From the soil, pollutants can migrate
downward into groundwater systems through
leaching, a process particularly relevant for
soluble and mobile compounds such as nitrates,
pesticides, and per- and polyfluoroalkyl
substances (PFAS) (Post et al., 2012).
Simultaneously, surface runoff, especially
during precipitation events, can carry
contaminants into surface waters including
rivers, lakes, and reservoirs, which serve as
primary sources of drinking and recreational
water.

The final and most critical stage of this
transport chain is human exposure, which can
occur through multiple pathways: inhalation of
polluted air, ingestion of contaminated food
and water, and dermal absorption through
direct contact. Vulnerable populations, such as
children, pregnant women, and communities
living near pollution hotspots, are often at
greater risk of adverse health outcomes,
including cancer, endocrine disruption,
respiratory illness, and neurodevelopmental
disorders (Landrigan et al., 2018; WHO, 2021).
By mapping these interconnected pathways,
Figure 1 emphasizes the importance of
integrated environmental monitoring and
cross-sectoral strategies that consider the full
pollutant life cycle—from emission to
exposure. It also reinforces the necessity of
preventive  policies and  remediation
approaches targeting each environmental
compartment to reduce the cumulative risk to
human health.
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Fig. 1: Environmental Pathways of Chemical Pollutants

3.0  Exposure Routes and Human Health
Effects

Chemical pollutants exert their impact on
human health primarily through various
exposure routes. The risk posed by a
contaminant is not solely dependent on its
toxicity but also on the likelihood and pathway
through which it enters the human body. The
three principal exposure routes are inhalation,
ingestion, and dermal absorption, each
representing a critical interface between
contaminated environmental media and human
physiology.

Inhalation occurs when individuals breathe in
airborne pollutants, such as volatile organic
compounds, nitrogen dioxide (NO:), ozone,
and particulate-bound contaminants like
dioxins or lead dust. This route is particularly
significant in urban and industrial settings,
where air pollution levels are elevated due to
vehicular emissions, open burning, and
industrial discharge.

Ingestion involves the consumption of
contaminated food and water. Pollutants like
arsenic, lead, BPA (bisphenol A), and
pesticides frequently enter the food chain
through irrigation, bioaccumulation in crops
and livestock, or direct pollution of water
sources. This route is a major concern for rural
and peri-urban populations who rely on
untreated or poorly regulated water sources.
Dermal absorption refers to the uptake of
chemicals through skin contact. It is a common
route of exposure for agricultural workers
handling pesticides, industrial workers dealing
with hazardous solvents or dyes, and
consumers using personal care products
containing endocrine-disrupting compounds
such as BPA and phthalates.

The severity of health outcomes is influenced
by the duration of exposure, concentration of
the pollutant, age, genetic vulnerability, and
underlying health status of the exposed
individual. Table 3 presents a concise overview
of selected chemical pollutants, their dominant
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exposure routes, and the associated human
diseases or physiological disorders.

Table 3. Common Chemical Pollutants,
Exposure Routes, and Associated Human
Diseases

Pollutant  Exposure Associated
Route Diseases
Lead Ingestion,  Cognitive
inhalation  impairment in
children
Arsenic  Ingestion Skin lesions,
(water) cardiovascular
disease
BPA Dermal, Breast cancer,
ingestion infertility
Dioxins  Inhalation  Immune
suppression, liver
damage
Atrazine Ingestion Hormonal
imbalance, birth
defects

As shown in Table 3, lead remains one of the
most  extensively studied environmental
neurotoxins.  Human  exposure  occurs
predominantly through inhalation of lead dust
and ingestion of contaminated food or water,
particularly in older urban areas with lead
plumbing or near mining and smelting
operations. Chronic exposure to lead, even at
low levels, has been linked to reduced 1Q,
behavioral disorders, and developmental
delays in children (Grandjean & Landrigan,
2014; WHO, 2021).

Arsenic  exposure,  primarily  through
contaminated drinking water, is a severe public
health concern in regions such as Bangladesh,
India, and parts of Africa. Long-term ingestion
of arsenic-laden water has been associated with
dermatological manifestations (e.q.,
hyperkeratosis, melanosis) and systemic
effects such as hypertension and ischemic heart
disease (Naujokas et al., 2013).

Bisphenol A (BPA), an industrial chemical
used in the production of plastics and resins,

enters the body through dermal absorption
from handling receipts or ingestion via
leaching from plastic containers. BPA is a well-
documented endocrine disruptor, with links to
breast and prostate cancer, infertility, obesity,
and early puberty (Rochester, 2013; Gore et al.,
2015).

Dioxins, generated as byproducts of
combustion  and  industrial ~ processes,
accumulate in the atmosphere and enter the
human body predominantly via inhalation.
These compounds are lipophilic, enabling their
accumulation in adipose tissues.
Epidemiological and experimental studies have
shown that chronic dioxin exposure suppresses
immune function, alters liver enzyme activity,
and increases the risk of metabolic syndrome
and hepatic carcinogenesis (Van den Berg et
al., 2006).

Atrazine, awidely used herbicide, is commonly
found in surface and groundwater due to
agricultural runoff. It enters the human body
primarily through ingestion of contaminated
water or crops. Atrazine exposure is strongly
associated with endocrine dysfunction, altered
reproductive development, and congenital
anomalies, particularly in developing fetuses
(Hayes et al., 2011).

The health effects presented in Table 3
illustrate that even low-level, chronic exposure
to these chemicals can lead to significant and
often irreversible damage. Moreover, these
risks are often disproportionately distributed,
with vulnerable populations such as children,
pregnant women, and agricultural communities
facing the highest exposure burdens. This
underscores the need for stricter regulatory
standards, improved public awareness, and
targeted interventions to monitor and reduce
human contact with hazardous environmental
pollutants.

4.0  Vulnerable Populations
The impact of chemical pollutants on human
health is not uniformly distributed across all

segments of the population. Certain groups are
disproportionately — affected due to a
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combination  of  biological  sensitivity,
developmental stage, environmental
conditions, and socio-economic disadvantage.
These vulnerable populations often experience
higher exposure levels, greater health impacts,
and fewer opportunities for medical
intervention or  environmental  escape.
Understanding the distinct vulnerabilities of
these groups is crucial for developing targeted
public  health  policies, environmental
regulations, and community-based
interventions.

Children represent one of the most at-risk
demographics due to their unique physiology
and developmental status. Their organ systems,
including the liver, kidneys, and immune
system, are immature and less capable of
metabolizing and excreting toxic substances.
Moreover, children have higher metabolic and
respiratory rates and engage in behaviors such
as hand-to-mouth activity and playing close to
the ground, all of which increase their exposure
to contaminants in air, dust, soil, and water
(Landrigan et al., 2004). Exposure to
neurotoxicants such as lead and methylmercury
during critical periods of brain development
has been linked to irreversible cognitive

deficits, behavioral disorders, and lower
academic  achievement (Grandjean &
Landrigan, 2014). Additionally, early-life

exposure to endocrine-disrupting chemicals
(EDCs) like BPA or phthalates may predispose
children to obesity, early puberty, and immune
dysfunction (Trasande, 2016).

Pregnant women are also highly vulnerable due
to the potential for transplacental transfer of
toxicants. The placenta, although selective,
does not fully prevent the passage of many
harmful substances, including lead, mercury,
arsenic, and persistent organic pollutants.
These contaminants can accumulate in fetal
tissues, potentially resulting in congenital
malformations, low birth weight, impaired
neurodevelopment, and increased risk of
miscarriage or stillbirth (Wigle et al., 2008).
Moreover, certain endocrine disruptors, such as
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phthalates and polychlorinated biphenyls
(PCBs), have been implicated in fetal thyroid
dysfunction, genital abnormalities, and long-
term metabolic disorders (Gore et al., 2015).
Protecting pregnant women through dietary
advisories, workplace safety, and
environmental monitoring is essential for
ensuring both maternal and fetal health.

The elderly are at heightened risk due to age-
related physiological decline and the
cumulative effects of lifelong exposure to
environmental chemicals. With advancing age,
the efficiency of detoxification systems—
including hepatic metabolism and renal
clearance—diminishes, making older adults
more susceptible to toxic insults (Sly &
Carpenter, 2012). Furthermore, immune
senescence, or the gradual weakening of the
immune system, renders the elderly more
vulnerable to the immunosuppressive effects of
pollutants such as dioxins and benzene.
Chronic exposure may exacerbate existing
health conditions, such as cardiovascular
disease, respiratory illness, and
neurodegenerative disorders, all of which are
more prevalent in aging populations.
Low-income communities often bear a
disproportionate burden of environmental
pollution due to socioeconomic and geographic
disadvantage. =~ These  communities  are
frequently located near industrial zones, waste
disposal sites, high-traffic roadways, and
poorly regulated agricultural areas. They may
lack access to clean water, air conditioning, or
air filtration systems, thereby increasing their
exposure to contaminated air, soil, and water
(Brender et al., 2011). Additionally, limited
access to healthcare services, lack of
environmental education, and inadequate
political representation hinder their ability to
advocate for cleaner environments or receive
timely medical attention. Environmental
justice  movements  have  consistently
highlighted the systemic nature of this
disparity, emphasizing the need for equity-
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driven environmental policy reforms (Bullard,
2000).

Overall, protecting vulnerable populations
requires an integrated approach that combines
environmental monitoring, healthcare access,
public awareness, and regulatory enforcement.
Prioritizing these populations in  risk
assessment models and environmental health
policies is not only an ethical imperative but
also a scientifically supported strategy for
reducing the overall burden of disease.

The effects of environmental chemical
pollution are unevenly distributed across
human populations, with specific demographic
groups facing significantly higher risks due to

a combination of physiological,
developmental, socio-economic, and
environmental vulnerabilities. Recognizing
and categorizing these vulnerable populations
is fundamental to environmental health
research and policy formulation, as it enables
the design of targeted interventions, risk
assessments, and exposure  mitigation
strategies. Fig. 3 presents a simplified
flowchart summarizing four key vulnerable
populations—children, pregnant women, the
elderly, and low-income communities—along
with the underlying reasons for their
heightened susceptibility to environmental
contaminants.

Vulnerable
Populations

: Pregnant Low-Income
Children Wogmen Elderly Communities
Immature Placental Weakened Proximity to
organ transfer of immune pollution
systems toxins systems sources
\ 4
Vulnerable
Populations

Fig. 3. Key Demographics at Heightened Risk of Chemical Pollution Exposure

As depicted in Fig. 3, the flowchart outlines
four population groups that are particularly
sensitive to the harmful effects of chemical
pollutants.

Children are identified as a critical risk group
due to the immaturity of their organ systems.
During early development, the liver, kidneys,
and immune system are still maturing, limiting
the body’s ability to detoxify and eliminate

harmful ~ substances. = Moreover, their
developing brain and nervous system are
highly sensitive to neurotoxic pollutants such
as lead, mercury, and organophosphate
pesticides, which can cause lasting cognitive
and behavioral impairments.

Pregnant women are at risk primarily because
of the placental transfer of toxins. Many
chemical contaminants, including heavy
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metals, persistent organic pollutants, and
endocrine disruptors, can cross the placenta
and accumulate in fetal tissues. The developing
fetus is especially sensitive to hormonal
disruption, DNA damage, and oxidative stress,
which may result in birth defects, low birth
weight, developmental delays, and increased
risk of chronic disease later in life.

The elderly experience enhanced vulnerability
due to weakened immune systems and
diminished detoxification capacity. As
individuals age, their ability to metabolize and
eliminate toxic substances declines. Chronic
exposure to environmental chemicals can
exacerbate existing conditions such as
cardiovascular disease, respiratory ailments, or
neurodegenerative disorders like Alzheimer’s
and Parkinson’s disease.

Low-income communities are
disproportionately exposed to environmental
hazards because they are often located near
pollution sources such as landfills, industrial
sites, high-traffic roads, and poorly regulated
agricultural areas. These communities may also
lack access to clean water, quality healthcare,
and  environmental  education,  further
compounding their risk. In many cases,
environmental injustice results in higher
disease burdens and lower life expectancy for
socioeconomically disadvantaged groups.
Generally, Fig. 3 emphasizes that vulnerability
to chemical pollutants is not uniform and is
influenced by both biological sensitivity and
structural inequality. Addressing the needs of
these at-risk  populations  requires a
multidisciplinary approach involving
environmental regulation, healthcare access,
community engagement, and public policy
reforms that promote environmental justice and
equity.

6.0 Case Studies

Real-world case studies provide powerful
insights into the intersection of environmental
chemistry, human health, and public policy.
They illustrate how exposure to chemical
pollutants—often due to inadequate regulation,
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industrial negligence, or socio-economic
disparities—can result in severe health crises
and environmental degradation. Below, several
major incidents from around the world are
discussed to highlight diverse pathways of
contamination, types of chemical pollutants
involved, and the health outcomes observed in
affected populations.

Case Study 1: Minamata Disease (Japan)

In the 1950s, residents of Minamata Bay in
Japan began to exhibit severe neurological
symptoms including tremors, numbness,
speech impairment, and, in extreme cases,
death. Investigations traced the cause to
methylmercury poisoning originating from
wastewater discharged by the Chisso
Corporation, a chemical manufacturing
company that released mercury into the bay
over several decades. This mercury was
methylated by aquatic microbes and
bioaccumulated through the food chain,
primarily in shellfish and fish consumed by the
local population (Harada, 1995).

The disaster demonstrated the persistent and
bio-magnifying nature of organic mercury
compounds, and how chronic exposure, even at
low levels, can result in irreversible
neurodevelopmental disorders, birth defects,
and widespread community trauma. The
Minamata case remains a landmark in
environmental health and led to international
conventions such as the Minamata Convention
on Mercury, aimed at reducing global mercury
emissions.

Case Study 2: Flint Water Crisis (USA)

The Flint Water Crisis, which unfolded in
Michigan, USA between 2014 and 2016,
exposed thousands of residents—particularly
children—to elevated levels of lead in their
drinking water. The crisis began when the
city’s water source was switched from Lake
Huron to the Flint River without implementing
corrosion control treatment. This oversight
caused lead to leach from aging pipes into the
municipal water supply.



Communication in Physical Sciences 2023, 9(4): 801-821 813

As a potent neurotoxin, lead affects nearly
every system in the body, but is especially
harmful to children, leading to cognitive
impairments, behavioral issues, and lower 1Q
(Hanna-Attisha et al., 2016). This incident
highlighted systemic failures in environmental
governance, infrastructure neglect, and
environmental justice, as the predominantly
African-American and low-income community
of Flint had their concerns ignored for months.
Case Study 3: E-waste Exposure in
Agbogbloshie (Ghana)

Agbogbloshie, a suburb of Accra, Ghana, is
one of the world’s largest informal electronic
waste (e-waste) recycling hubs. Here,
thousands of tons of obsolete electronic devices
from developed countries are dismantled and
burned using crude methods to recover metals
like copper and gold. This process releases
heavy metals (e.g., lead, cadmium) and
persistent organic pollutants such as dioxins
and furans into the air, soil, and water.

Studies have documented alarming levels of
airborne particulate matter, contaminated soil,
and heavy metal accumulation in blood and
breast milk among local residents (Akormedi et
al., 2013). Health outcomes include respiratory
infections, skin diseases, reduced lung
function, and reproductive toxicity, particularly
among children who live and work in the area.
This case exemplifies the environmental costs
of global consumerism and inadequate
international regulation of hazardous waste
exports.

Case Study 4: Arsenic Contamination in
Groundwater (Bangladesh)

One of the most widespread chemical pollution
crises in history is the arsenic contamination of
groundwater in Bangladesh, affecting over 30
million people. Initially hailed as a solution to
microbial waterborne diseases, the installation
of tube wells in the 1970s inadvertently tapped
into aquifers rich in naturally occurring arsenic.
Chronic exposure through drinking water has
caused arsenicosis, manifested by skin lesions,
hypertension, respiratory symptoms, and
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increased risk of cancers of the liver, bladder,
and lungs (Smith et al., 2000).

This case underscores the importance of
hydrogeochemical assessments and long-term
monitoring in water supply interventions. It
also reflects the socio-economic barriers to
remediation in rural, low-income regions,
where access to alternative water sources and
public health education remains limited.

Case Study 5: Bhopal Gas Tragedy (India)
In December 1984, a catastrophic leak of
methyl isocyanate (MIC) gas from a Union
Carbide pesticide plant in Bhopal, India, led to
one of the world’s worst industrial disasters.
More than 500,000 people were exposed to the
toxic gas, resulting in immediate respiratory
distress, blindness, and over 15,000 deaths in
the long term. The acute toxicity of MIC, a
volatile organic compound, overwhelmed the
city, which lacked emergency response
infrastructure.

Decades later, persistent soil and groundwater
contamination remain major concerns, as
leftover chemical waste was never properly
disposed. Chronic exposure has been linked to
birth defects, cancers, and reproductive
disorders among residents. The Bhopal disaster
remains a global symbol of corporate
negligence, inadequate industrial safety
protocols, and regulatory failure (Dhara &
Dhara, 2002).

These case studies collectively illustrate the
multifaceted  dimensions  of  chemical
pollution—from bioaccumulation in aquatic
food webs, to leaching from decaying
infrastructure, and unregulated industrial and
informal activities. Each example demonstrates
how environmental chemistry is intricately
linked with human health, policy, and equity.
They also emphasize the recurring themes of
regulatory failure, environmental injustice, and
the need for early warning systems,
transparency, and international cooperation. In
many of these events, the most affected
populations were those already socially or
economically marginalized—underscoring the
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importance  of  including  vulnerable
communities  in risk  communication,
monitoring, and remediation strategies.
Understanding these cases not only offers
lessons in environmental mismanagement but
also guides future action toward sustainable,
health-conscious  policies and  resilient
infrastructure systems.

7.0 Detection and Monitoring Techniques

Accurate detection and quantification of
chemical pollutants are central to
understanding their environmental behavior,
assessing human exposure, and formulating
effective remediation and regulatory responses.
Modern analytical chemistry tools now enable
detection of contaminants at trace and ultra-
trace levels across various environmental

media such as water, air, soil, and biological
tissues.

Advancements in instrumental and biosensing
technologies have significantly improved
sensitivity, specificity, and field applicability,
allowing for better surveillance of legacy and
emerging contaminants. Each technique has
unique advantages, target analytes, and
limitations, depending on the physicochemical
properties of the pollutant and the matrix being
analyzed.

Table 4 presents a summary of some key
analytical techniqgues commonly employed in
environmental chemistry for monitoring
chemical pollutants, along with their primary
applications.

Table 4. Common Analytical Techniques for the Detection of Chemical Pollutants

Technique

Primary Application

Gas Chromatography—Mass
Spectrometry (GC-MS)
Inductively Coupled Plasma—Mass
Spectrometry (ICP-MS)
High-Performance Liquid
Chromatography (HPLC)
Biosensors

Detection of volatile organic compounds (VOCs),
pesticides, and persistent organic pollutants (POPS)
Trace detection of heavy metals and metalloids in
water, soil, and biological tissues

Analysis of pharmaceuticals, personal care products,
and organic pollutants

Real-time, on-site monitoring of specific

contaminants using biological recognition elements

Fourier Transform Infrared
Spectroscopy (FTIR)

Identification of functional groups in organic
molecules and polymeric contaminants

Gas Chromatography—Mass  Spectrometry
(GC-MS) is one of the most widely used
techniques for detecting volatile organic
compounds, pesticides, and persistent organic
pollutants such as PCBs and dioxins. It couples
the high separation efficiency of gas
chromatography with the structural elucidation
capability of mass spectrometry. GC-MS is
particularly useful for analyzing complex
mixtures in air, water, or biological samples
and is often applied in compliance monitoring
and forensic investigations.

Inductively Coupled Plasma—Mass
Spectrometry (ICP-MS) is an ultra-sensitive
technique capable of quantifying metals and

—
he. ‘9
T o
=

e

metalloids (such as lead, arsenic, cadmium, and
mercury) at parts-per-trillion (ppt) levels. Its
high throughput and multi-elemental capability
make it ideal for monitoring trace metal
pollution in drinking water, agricultural soil,
industrial effluents, and even biomonitoring
samples like blood or urine. ICP-MS has
become indispensable for regulatory agencies
such as the EPA and WHO in assessing toxic
metal exposure risks.

High-Performance Liquid Chromatography
(HPLC) is extensively used for the detection of
non-volatile, thermally labile compounds,
including pharmaceuticals, endocrine-
disrupting chemicals (EDCs), and a wide range
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of organic micropollutants in wastewater and
surface water. It is often coupled with detectors
such as UV, fluorescence, or MS to enhance
sensitivity and specificity. HPLC plays a vital
role in monitoring emerging contaminants in
environmental matrices and evaluating
pharmaceutical residues in drinking water.
Biosensors represent a newer class of detection
tools that utilize biological recognition
elements (e.g., enzymes, antibodies, nucleic
acids) integrated with a transducer to produce
measurable signals upon interaction with a
target pollutant. These sensors offer rapid, real-
time, and on-site detection, making them
particularly suitable for field applications,
emergency response, or resource-limited
settings. Biosensors have shown great promise
in the detection of pesticides, heavy metals, and
microbial toxins in water and food samples
(Dzantiev et al., 2014).

Fourier Transform Infrared Spectroscopy
(FTIR) is a powerful spectroscopic method
used to identify functional groups in organic
molecules by detecting molecular vibrations.
FTIR is frequently used in microplastic
analysis, environmental forensics, and polymer
characterization. It provides qualitative data
and, when coupled with microscopy (U-FTIR),
can detect individual plastic particles in
environmental samples, making it valuable for
studies on plastic pollution.

Collectively, these techniques enhance our
capacity to trace environmental pollutants,
identify contamination sources, and assess
compliance with health and safety standards.
The integration of laboratory-based methods
with portable and real-time technologies (such
as biosensors) is gradually transforming
environmental monitoring into a more
proactive  and  responsive  discipline.
Furthermore, combining multiple techniques in
a hybrid or complementary analytical strategy
improves detection reliability, especially when
dealing with complex mixtures or low-
concentration pollutants.
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8.0 Risk Assessment and Public Health
Policy
8.1 Environmental risk assessment

Environmental risk assessment is a systematic
scientific process used to evaluate the
probability and severity of adverse health
effects resulting from human exposure to
chemical pollutants. It forms the foundation for
setting environmental health  standards,
designing  intervention  strategies, and
formulating public health policies.

At its core, risk assessment consists of four
interrelated components:

(i) Hazard Identification — Determining
whether a chemical pollutant has the
potential to cause harm to humans or
ecosystems. This includes identifying
the toxicological profile, mechanisms
of action, and critical endpoints (e.g.,
carcinogenicity, neurotoxicity,
endocrine disruption).

(i1) Dose—Response Assessment -
Establishing the quantitative
relationship between the amount of
exposure (dose) and the severity or
probability of adverse health outcomes.
This step helps define thresholds such
as NOAEL (No Observed Adverse
Effect Level) or LOAEL (Lowest
Observed Adverse Effect Level).

(iii)Exposure Assessment — Evaluating the
magnitude, frequency, and duration of
human exposure to the pollutant. This
includes identification of exposure
pathways (inhalation, ingestion, dermal
contact), affected populations, and
environmental concentrations.

(iv)Risk Characterization — Integrating the
above components to estimate the risk
(both qualitative and quantitative)
posed to human health. This step
communicates the nature, confidence,
and uncertainty of the risk to
policymakers and stakeholders.

Fig, 4 illustrates the structured progression
from pollutant identification to policy
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response. The process begins with scientific
data collection and hazard identification, which
feeds into the dose-response and exposure
assessments, forming the basis for risk

Problem
Formulation

Hazard
Identification

Characterization

Risk
Management

characterization. This scientific evaluation
supports informed policy development and
implementation, guided by global and regional
environmental governance principles.

Policy
Integration

Science-
Policy
Interface

Stakeholder
Participation

Regulatory
Measures

Fig. 4. Framework of Environmental Risk Assessment and Policy Integration

8.2  Policy Frameworks and Principles
Influencing Environmental Risk Regulation

Several ethical and legal principles have been
embedded into  environmental  policy
frameworks worldwide to guide decisions,
especially under conditions of scientific
uncertainty or socio-economic inequality:
(i) The Precautionary Principle holds that
in the absence of scientific consensus,
actions should still be taken to prevent

potential harm from environmental
pollutants. This principle underpins the
EU’s REACH (Registration,
Evaluation, Authorisation and
Restriction of Chemicals) regulation,
which places the burden of proof on
chemical manufacturers to demonstrate
safety.

(ii) The Polluter Pays Principle mandates
that entities responsible for
environmental contamination must bear
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the costs of management, remediation,
and compensation. This is evident in
Superfund programs in the U.S. and
increasingly in emerging economies.

(iiiy Environmental  Justice emphasizes
equitable distribution of environmental
risks and benefits, particularly
protecting marginalized communities
who often face higher exposure burdens
but have less access to legal or medical
recourse.

8.3  Selected International and National
Policy Instruments

(i) World Health Organization (WHO)
Drinking Water Guidelines provide
science-based recommendations on
acceptable limits for contaminants such
as arsenic, lead, nitrate, and fluoride.
These guidelines serve as global
benchmarks for water safety and health
protection.

(i) European Union REACH Regulation is
one of the most comprehensive
chemical safety legislations globally,
requiring industry actors to assess and
manage the risks of their chemicals
before they are marketed.

(iii) Nigeria’s  National  Environmental
Standards and Regulations
Enforcement  Agency (NESREA)
oversees  the  enforcement  of
environmental  quality  standards,
including air quality indices, effluent
discharge limits, and hazardous waste
control. NESREA operates under the
Environmental Impact Assessment
(EIA) Act and applies principles such
as  polluter  accountability and
sustainable development in national
regulation.

Risk assessment serves as a vital bridge
between environmental science and public
health policy. It provides a quantitative and
qualitative basis for setting regulatory limits,
prioritizing remediation efforts, and designing
community interventions. As chemical threats
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evolve—due to industrialization, climate

change, and emerging contaminants—risk
assessment  frameworks must  adapt
accordingly, supported by transparent

governance and inclusive policies that promote
environmental equity.

9.0 Conclusion

This study has provided an in-depth review of
the intersection between chemical pollution,
environmental chemistry, and public health. It
identified and described the major classes of
environmental contaminants—including heavy
metals, persistent organic pollutants (POPS),
endocrine-disrupting  chemicals  (EDCs),
pharmaceuticals and personal care products
(PPCPs), pesticides, synthetic dyes, industrial
chemicals, and emerging contaminants—and
examined their sources, environmental
behaviors, and toxicological effects. The routes
of human exposure were discussed, focusing
on inhalation, ingestion, and dermal
absorption, and the study highlighted the
disproportionate risks faced by vulnerable
populations such as children, pregnant women,
the  elderly, and socioeconomically
disadvantaged communities.

Case studies drawn from diverse global
contexts, including Minamata (Japan), Flint
(USA), Agbogbloshie (Ghana), Bangladesh,
and Bhopal (India), demonstrated the real-
world consequences of unchecked chemical
pollution and the failure of regulatory systems.
The review also emphasized the critical role of
advanced analytical techniques (e.g., GC-MS,
ICP-MS, HPLC, FTIR, biosensors) in detecting
and monitoring pollutants across various
environmental matrices. In addition, the study
explored the scientific framework of
environmental risk assessment, which includes
hazard identification, dose—response
assessment, exposure assessment, and risk
characterization. This framework informs
public health policies and environmental
standards such as the WHO Drinking Water
Guidelines, EU REACH regulations, and
Nigeria’s NESREA standards, which are



Communication in Physical Sciences 2023, 9(4): 801-821 818

shaped by overarching principles like the
Precautionary Principle, the Polluter Pays
Principle, and Environmental Justice.
In conclusion, chemical pollution remains a
global threat to human health and
environmental sustainability. Effective
management requires an integrated approach
that combines rigorous environmental
monitoring,  science-based  policymaking,
robust legal frameworks, and community
engagement. The consequences of inaction—
demonstrated by numerous historical and
ongoing pollution crises—underscore the
urgency for coordinated response strategies.
To mitigate these challenges, the following
recommendations are  proposed:  First,
governments and environmental agencies
should strengthen pollutant surveillance
systems through investment in laboratory
infrastructure, personnel training, and data-
sharing mechanisms. Second, national and
regional policies should be harmonized with
international chemical safety frameworks to
ensure consistency and compliance. Third, the
principle of environmental justice should be
central to policy decisions, ensuring that
vulnerable and marginalized communities
receive targeted protection and remediation
support. Fourth, public health education and
risk communication strategies should be
enhanced to raise awareness about chemical
exposure and promote safer behaviors. Finally,
research and innovation in green chemistry,
waste reduction, and cleaner industrial
processes must be encouraged to reduce the
release of toxic substances at the source.
By prioritizing prevention, regulation, and
equitable intervention, nations can protect
ecosystems and human populations from the
growing burden of chemical pollutants while
advancing sustainable development and public
health.
10.0 References
Agency for Toxic Substances and Disease
Registry (ATSDR). (2020). Toxicological
profiles. U.S. Department of Health and

Human Services.

cdc.gov

Akormedi, M., Asampong, E., & Fobil, J. N.
(2013).  Working  conditions  and
environmental exposures among electronic
waste workers in Ghana. International
Journal of Occupational and
Environmental Health, 19, 4, pp. 278-286,
https://doi.org/10.1179/2049396713Y.000
0000034.

Ali, H., Khan, E., & llahi, I. (2019).
Environmental chemistry and
ecotoxicology of hazardous heavy metals:
Environmental persistence, toxicity, and
bioaccumulation. Journal of Chemistry,
2019, pp. 1-14. https://doi.org/10.1155/
2019/6730305.

Boxall, A. B. A., Rudd, M. A., Brooks, B. W.,
Caldwell, D. J., Choi, K., Hickmann, S., ...
& Van Der Kraak, G. (2012).
Pharmaceuticals and personal care products
in the environment: What are the big
questions? Environmental Health
Perspectives, 120, 9, pp. 1221-1229.
https://doi.org/10.1289/ehp.1104477.

Brender, J. D., Maantay, J. A., & Chakraborty,
J.  (2011). Residential proximity to
environmental hazards and adverse health
outcomes. American Journal of Public
Health, 101, pp. S37-S52. https://doi.org/
10.2105/AJPH.2011.300183.

Bullard, R. D. (2000). Dumping in Dixie: Race,
class, and environmental quality (3rd ed.).
Westview Press.

Chung, K. T. (2016). Azo dyes and human
health: A review. Journal of Environmental
Science and Health, Part C, 34, 4, pp. 233-
261. https://doi.org/10.1080/10590501.
2016.1236602.

Dhara, V. R., & Dhara, R. (2002). The Union
Carbide disaster in Bhopal: A review of
health effects. Archives of Environmental
Health, 57, 5, pp. 391-404. https://doi.org
/10.1080/00039890209601435.

Diamanti-Kandarakis, E., Bourguignon, J. P.,
Giudice, L. C., Hauser, R., Prins, G. S,

https://www.atsdr.



https://doi.org/10.1179/2049396713Y.0000000034
https://doi.org/10.1179/2049396713Y.0000000034
https://doi.org/10.1155/%202019/6730305
https://doi.org/10.1155/%202019/6730305
https://doi.org/10.1289/ehp.1104477
https://doi.org/%2010.2105/AJPH.2011.300183
https://doi.org/%2010.2105/AJPH.2011.300183
https://doi.org/10.1080/10590501.%202016.1236602
https://doi.org/10.1080/10590501.%202016.1236602

Communication in Physical Sciences 2023, 9(4): 801-821 819

Soto, A. M., ... & Gore, A. C. (2009).
Endocrine-disrupting  chemicals:  An
Endocrine Society scientific statement.
Endocrine Reviews, 30, 4, pp. 293-342.
https://doi.org/10.1210/er.2009-0002.

Dzantiev, B. B., Byzova, N. A,, Urusov, A. E,,
& Zherdev, A. V. (2014). Biosensors for
detection of pesticides and heavy metals.
Biosensors, 4, 3, pp. 362—-384. https://doi.or
0/10.3390/bios4030362.

European Commission. (2022). REACH
Regulation (EC) No 1907/2006. Retrieved
from https://ec.europa.eu/environment
[chemicals/reach/reach_en.htm

Gita, S., Hussan, A., & Chandra, R. (2017).
Review on treatment of hazardous azo dye
using  biological  approaches and
biosorbents. Journal of Environmental
Management, 191, pp. 190-206. https:/
/doi.org/10.1016/j.jenvman.2016.12.052.

Gore, A. C., Chappell, V. A, Fenton, S. E.,
Flaws, J. A., Nadal, A., Prins, G. S., ... &
Zoeller, R. T. (2015). EDC-2: The
Endocrine Society's second scientific
statement on endocrine-disrupting
chemicals. Endocrine Reviews, 36, 6, pp.
E1-E150. https://doi.org/10.1210/er.2015-
1010.

Grandjean, P., & Landrigan, P. J. (2014).
Neurobehavioural effects of developmental
toxicity. The Lancet Neurology, 13, 3, pp.
330-338.

Grandjean, P., & Landrigan, P. J. (2014).
Neurobehavioural effects of developmental
toxicity. The Lancet Neurology, 13, 3, pp.
330-338. https://doi.org/10.1016/S1474-
4422(13)70278-3.

Hanna-Attisha, M., LaChance, J., Sadler, R. C.,
& Champney Schnepp, A. (2016). Elevated
blood lead levels in children associated
with the Flint drinking water crisis: A
spatial analysis of risk and public health
response. American Journal of Public
Health, 106, 2, pp. 283-290. https://doi.
0rg/10.2105/AJPH.2015.303003.

Harada, M. (1995). Minamata disease:
Methylmercury poisoning in Japan caused
by environmental pollution. Critical
Reviews in Toxicology, 25, 1, pp. 1-24.
https://doi.org/10.3109/104084495090898
85.

Hayes, T. B., Khoury, V., Narayan, A., Nazir,
M., Park, A., Brown, T., ... & Gallipeau, S.
(2010).  Atrazine induces complete
feminization and chemical castration in
male African clawed frogs (Xenopus
laevis). Proceedings of the National
Academy of Sciences, 107, 10, pp. 4612—
4617.  https://doi.org/10.1073/pnas.0909
519107.

International Agency for Research on Cancer
(IARC). (2012). Monographs on the
Evaluation of Carcinogenic Risks to
Humans: Chemical agents and related
occupations (Vol. 100F). World Health
Organization.

Jayaraj, R., Megha, P., & Sreedev, P. (2016).
Review on the toxicity of pesticides in fish.
Biomedicine & Pharmacotherapy, 84,
1180-1190. https://doi.org/10.1016/j.
biopha.2016.09.019.

Kimmerer, K., Dionysiou, D. D., Olsson, O.,
& Fatta-Kassinos, D. (2018). A path to
clean water. Science, 361, pp. 222-224.
https://doi.org/10.1126/science.aau2405.

Kimmerer, K., Dionysiou, D. D., Olsson, O.,
& Fatta-Kassinos, D. (2018). A path to
clean water. Science, 361, pp. 222-224.
https://doi.org/10.1126/science.aau2405.

Landrigan, P. J., et al. (2018). The Lancet
Commission on Pollution and Health. The
Lancet, 391, pp. 462-512.

Landrigan, P. J., Fuller, R., Acosta, N. J. R,,
Adeyi, O., Arnold, R., Basu, N., ... &
Zhong, M. (2018). The Lancet Commission
on pollution and health. The Lancet, 391,
pp. 462-512. https://doi.org/10.1016/S01
40-6736(17)32345-0,

Landrigan, P. J., Kimmel, C. A., Correa, A., &
Eskenazi, B. (2004). Children's health and
the environment: Public health issues and



https://doi.org/10.1210/er.2009-0002
https://ec.europa.eu/environment%20/chemicals/reach/reach_en.htm
https://ec.europa.eu/environment%20/chemicals/reach/reach_en.htm
https://doi.org/10.1016/j.jenvman.2016.12.052
https://doi.org/10.1016/j.jenvman.2016.12.052
https://doi.org/10.1210/er.2015-1010
https://doi.org/10.1210/er.2015-1010
https://doi.org/10.1016/S1474-4422(13)70278-3
https://doi.org/10.1016/S1474-4422(13)70278-3
https://doi.org/10.3109/10408449509089885
https://doi.org/10.3109/10408449509089885
https://doi.org/10.1073/pnas.0909%20519107
https://doi.org/10.1073/pnas.0909%20519107
https://doi.org/10.1016/j.%20biopha.2016.09.019
https://doi.org/10.1016/j.%20biopha.2016.09.019
https://doi.org/10.1126/science.aau2405
https://doi.org/10.1126/science.aau2405
https://doi.org/10.1016/S01%2040-6736(17)32345-0
https://doi.org/10.1016/S01%2040-6736(17)32345-0

Communication in Physical Sciences 2023, 9(4): 801-821 820

challenges for risk assessment.
Environmental Health Perspectives, 112, 2,
pp. 257-265. https://doi.org/10.1289/ehp.

6115.

Lu, Y., Yuan, T., Wang, W., & Cao, H. (2019).
Advances in analytical techniques for
environmental contaminant  detection.
TrAC Trends in Analytical Chemistry, 112,
75-86. https://doi.org/10.1016/j.trac.2018.

12.022,

Mostafalou, S., & Abdollahi, M. (2013).
Pesticides and human chronic diseases:
Evidences, mechanisms, and perspectives.
Toxicology and Applied Pharmacology,
268, 2, pp. 157-177. https://doi.org/10.10

16/j. taap.2013.01.025.

National Environmental Standards and
Regulations Enforcement Agency
(NESREA). (2020). National
Environmental Regulations.

https://www.nesrea.gov.ng

Naujokas, M. F., Anderson, B., Ahsan, H.,
Aposhian, H. V., Graziano, J. H.,
Thompson, C., & Suk, W. A. (2013). The
broad scope of health effects from chronic
arsenic exposure: Update on a worldwide
public health problem. Environmental
Health Perspectives, 121, 2, pp. 295-302.
https://doi.org/10.1289/ehp.1205875.

Post, G. B., Cohn, P. D., & Cooper, K. R.
(2012). Perfluorooctanoic acid (PFOA), an
emerging drinking water contaminant: A
critical review of recent literature.
Environmental Research, 116, pp. 93-117.
https://doi.org/10.1016/j.envres.2012.03.0
07.

Rauf, M. A.,, & Ashraf, S. S. (2012).
Fundamental principles and application of
heterogeneous photocatalytic degradation
of dyes in solution. Chemical Engineering
Journal, 151, 1, 3, pp. 10-18.
https://doi.org/10.1016/j.cej.2009.02.026.

Richardson, S. D., & Ternes, T. A. (2018).
Water analysis: Emerging contaminants
and current issues. Analytical Chemistry,

90, 1, , pp. 398-428. https://doi.org/10.10
21/acs.analchem.7b04577.

Rochester, J. R. (2013). Bisphenol A and
human health: A review of the literature.
Reproductive Toxicology, 42,pp. 132-155.
https://doi.org/10.1016/j.reprotox.2013.08.
008.

Seinfeld, J. H., & Pandis, S. N. (2016).
Atmospheric chemistry and physics: From
air pollution to climate change (3rd ed.).
Wiley.

Sly, P. D., & Carpenter, D. O. (2012). Special
vulnerability of children to environmental
exposures. Revista de Saude Publica, 46, 5,
pp. 620-624. https://doi.org/10.1590/S0
034-89102012000500002.

Smith, A. H., Lingas, E. O., & Rahman, M.
(2000). Contamination of drinking-water
by arsenic in Bangladesh: A public health
emergency. Bulletin of the World Health
Organization, 78, 9, pp. 1093-1103.

Trasande, L. (2016). When enough data are not
enough to enact preventive measures: The
case of endocrine disrupting chemicals. The
Journal of Clinical Endocrinology &
Metabolism, 101, 11, pp. 4070-4072.
https://doi.org/10.1210/jc.2016-2876.

United Nations Environment Programme
(UNEP). (2022). Global Chemicals
Outlook I1: From Legacies to Innovative
Solutions. Nairobi: UNEP.

United Nations Environment Programme
(UNEP). (2022). Global Chemicals
Outlook I1: From Legacies to Innovative
Solutions. Nairobi: UNEP.

US EPA. (2022). Risk Assessment Basics.
https://www.epa.gov/risk

US EPA. (2023). Environmental monitoring
and detection methods. Retrieved from
https://www.epa.gov/measurements

Van den Berg, M., Birnbaum, L. S., Denison,
M., De Vito, M., Farland, W., Feeley, M.,
... & Peterson, R. E. (2006). The 2005
World Health Organization reevaluation of
human and mammalian toxic equivalency
factors for dioxins and dioxin-like



https://doi.org/10.1289/ehp.%206115
https://doi.org/10.1289/ehp.%206115
https://doi.org/10.1016/j.trac.2018.%2012.022
https://doi.org/10.1016/j.trac.2018.%2012.022
https://doi.org/10.10%2016/j.%20taap.2013.01.025
https://doi.org/10.10%2016/j.%20taap.2013.01.025
https://www.nesrea.gov.ng/
https://doi.org/10.1289/ehp.1205875
https://doi.org/10.1016/j.envres.2012.03.007
https://doi.org/10.1016/j.envres.2012.03.007
https://doi.org/10.1016/j.cej.2009.02.026
https://doi.org/10.10%2021/acs.analchem.7b04577
https://doi.org/10.10%2021/acs.analchem.7b04577
https://doi.org/10.1016/j.reprotox.2013.08.008
https://doi.org/10.1016/j.reprotox.2013.08.008
https://doi.org/10.1590/S0%20034-89102012000500002
https://doi.org/10.1590/S0%20034-89102012000500002
https://doi.org/10.1210/jc.2016-2876
https://www.epa.gov/risk
https://www.epa.gov/measurements

Communication in Physical Sciences 2023, 9(4): 801-821 821

compounds. Toxicological Sciences, 93, 2,  Authors’ Contribution
pp. 223-241. https://doi.org/10.1093/  The entire work was carried out by the author.
toxsci/kfl055.

Wang, W., Zhang, X., & Zhang, Y. (2020).
Human health risk assessment of multiple
environmental pollutants: A review of
current  methodologies. Environmental
Pollution, 263, 114659. https://doi.org/10.
1016/j.envpol.2020.114659.

WHO (2023). Chemical safety and health.
World Health Organization.

Wigle, D. T., Arbuckle, T. E., Turner, M. C.,
Berube, A., Yang, Q., Liu, S., & Krewski,
D. (2008). Epidemiologic evidence of
relationships between reproductive and
child health outcomes and environmental
chemical contaminants. Journal  of
Toxicology and Environmental Health,
Part B, 11, 5, 6, pp. 373-517. https://
doi.org/10.1080/10937400801921320.

World Health Organization (WHO). (2021).
Chemical safety and human health.
https://www.who.int/health-
topics/chemical-safety

World Health Organization (WHO). (2023).
Guidelines for drinking-water quality: 4th
edition incorporating the 1st and 2nd
addenda. Geneva: WHO Press.
https://www.who.int/publications/i/item/9
789241549950

Wright, S. L., & Kelly, F. J. (2017). Plastic and
human  health: A micro  issue?
Environmental Science & Technology, 51,
12, pp. 6634-6647. https://doi.org/10.
1021/acs.est.7b00423.

Declaration

Consent for publication

Not applicable

Availability of data

Data shall be made available on demand.

Competing interests

The authors declared no conflict of interest

Ethical Consideration

Not applicable

Funding

There is no source of external funding.



https://doi.org/10.1093/%20toxsci/kfl055
https://doi.org/10.1093/%20toxsci/kfl055
https://doi.org/10.%201016/j.envpol.2020.114659
https://doi.org/10.%201016/j.envpol.2020.114659
https://www.who.int/health-topics/chemical-safety
https://www.who.int/health-topics/chemical-safety
https://www.who.int/publications/i/item/9789241549950
https://www.who.int/publications/i/item/9789241549950
https://doi.org/10.%201021/acs.est.7b00423
https://doi.org/10.%201021/acs.est.7b00423

