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Abstract:- Carcinogens and toxic agents are a leading cause of chronic disease worldwide, particularly cancers
that result from DNA damage and cellular disruption. This paper examines the most prevalent carcinogens, their
biological mechanisms, and their health effects. International frameworks for classification are discussed
alongside global and UAE-specific exposure patterns. Remedies, challenges, and policy implications are analysed
with reference to sustainable development goals. Findings demonstrate that while carcinogen risks are universal,
the UAE's rapid industrialization and cultural habits necessitate context-specific strategies to protect public
health.
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I. INTRODUCTION

Carcinogens initiate or promote cancer by damaging DNA or altering cellular pathways. Toxic agents,
though not always directly carcinogenic, impair vital systems and magnify vulnerability to disease. Globally,
tobacco smoke, asbestos, benzene, alcohol, and heavy metals dominate exposure risks. In the UAE, these are
compounded by occupational hazards in oil, gas, and construction sectors, urban air pollution, and lifestyle
practices such as shisha smoking.

By examining both global and UAE-specific contexts, this research highlights exposure pathways,
classification systems, and health outcomes while proposing strategies for prevention and regulation.

II. RESEARCH QUESTION AND AIM
Research Question: What are the most common carcinogens and toxic agents globally, and how do they impact
human health, with particular emphasis on the UAE?
Aim:
e To classify carcinogens and toxic agents according to internationally recognized frameworks.
e To describe their chemical and biological mechanisms of toxicity.
e To analyse global and UAE-specific patterns of exposure and disease outcomes.
e To propose preventive and regulatory strategies aligned with sustainable development.
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III. BACKGROUND RESEARCH

Carcinogens can be categorized into three main groups:

e Chemical carcinogens: Substances like benzene, arsenic, and polycyclic aromatic hydrocarbons (PAHs)
interfere with DNA replication and repair, leading to mutations.

e Physical carcinogens: Ionizing radiation and ultraviolet (UV) light cause direct DNA strand breaks and
chromosomal damage.

e Biological carcinogens: Viruses such as human papillomavirus (HPV) and hepatitis B virus integrate genetic
material into host cells, disrupting cellular control.

e Toxic substances: Heavy metals (lead, mercury, cadmium) and industrial chemicals impair organs and
systems through prolonged exposure, even when not directly carcinogenic.

Carcinogens operate through diverse mechanisms but share a common outcome—damage to cellular
integrity that increases cancer risk. Their sources range from industrial emissions and radiation to viral infections
and lifestyle choices. Toxic agents, while not always mutagenic, exacerbate physiological stress and organ failure,
compounding long-term health burdens. This understanding forms the foundation for accurate classification,
exposure assessment, and global-to-local prevention strategies.

Iv. CARCINOGEN CLASSIFICATION
A. IARC Classification
IARC uses a five-tier classification system, based on the strength of evidence from human epidemiological
studies, animal bioassays, and increasingly, mechanistic evidence (such as genotoxicity, molecular pathways, and
cellular effects).
GROUP I — Carcinogenic to humans: Carcinogenic to humans (e.g., tobacco smoke, asbestos, benzene, ionizing
radiation).
GROUP 2A — Probably carcinogenic to humans: Probably carcinogenic, with limited human but sufficient animal
evidence (e.g., diesel exhaust, glyphosate).
Group 2B — Possibly carcinogenic to humans: Possibly carcinogenic, with weaker evidence (e.g., mobile phone
radiation, lead).
Group 3 — Not classifiable as to its carcinogenicity to humans: Evidence is inadequate in both humans and
animals. Examples include caffeine and fluorescent lighting. These are not conclusively carcinogenic but require
continued monitoring.
Group 4 — Probably not carcinogenic to humans: Very few agents fall into this category; one example is
caprolactam, used in nylon production.

IARC emphasizes hazard identification rather than exposure levels, establishing whether an agent can
cause cancer under certain conditions. This framework informs global and national regulations, including UAE
occupational standards on asbestos and air pollutants.

A summary of the IARC classification is given in Table 1.

B. EPA Classification
The U.S. Environmental Protection Agency (EPA) has developed its own framework for assessing carcinogenic
risk, primarily to guide regulation of chemicals, industrial emissions, pesticides, and environmental contaminants
in the U.S. market. The EPA combines hazard with quantitative risk assessment, giving it strong regulatory
relevance.

The categories are:

GROUP A — Carcinogenic to humans: Clear human evidence confirms carcinogenicity. Examples include
benzene, arsenic, and asbestos, all strictly regulated as no safe exposure level exists.

GROUP B — Probably carcinogenic to humans: Limited human but sufficient animal evidence supports
classification. B1 reflects some human data, while B2 is based mainly on animal studies; examples include
formaldehyde and vinyl chloride.

Group C — Possibly carcinogenic to humans: Limited or inconsistent animal evidence; human data lacking.
Precautionary limits are advised (e.g., chloroform, acetaldehyde).

Group D — Not classifiable: Data are inadequate or contradictory to determine carcinogenicity; further study
required.

Group E — Evidence of Non-Carcinogenicity for Humans: Comprehensive studies show no cancer risk under
normal exposure, though continued monitoring is recommended.

While TARC establishes scientific consensus on hazard potential, the EPA quantifies exposure risk to support
enforceable policy. Combined, they form a dual foundation that supports occupational health and environmental
safety globally and regionally.
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A summary of the EPA classification is given in Table 2.

For instance, in the UAE’s oil and gas sector, monitoring of benzene emissions in refineries reflects EPA
guidelines, ensuring worker protection and alignment with international best practices.

In the UAE context, exposures to Group 1 and 2 carcinogens are most pressing:

. Petrochemical industry workers face risks from benzene, toluene, and PAHs.

. Construction workers are vulnerable to asbestos fibres and silica dust.

. Agricultural workers encounter pesticide residues (classified as 2A/2B carcinogens).

. General population is exposed to second hand tobacco smoke (Group 1) and air pollution,

which the WHO has confirmed as a Group 1 carcinogen.

V. HYPOTHESIS

It is hypothesized that exposure to carcinogenic and toxic agents increases the likelihood of cancer and
chronic illnesses. The degree of risk depends on exposure duration, intensity, and personal susceptibility (age,
genetics, lifestyle, and health). These agents disrupt cellular functions, cause DNA mutations, and alter
metabolism, leading to tumour formation or systemic toxicity.

Different carcinogens show distinct biological effects: for example, benzene targets bone marrow, while
tobacco smoke and alcohol affect the lungs, throat, and liver. Environmental pollutants like asbestos or fine
particulate matter compound risks when combined with pre-existing health vulnerabilities, intensifying disease
onset.

VI. METHODOLOGY
This study employs a mixed-method approach combining literature review, data analysis, and regional case
evaluation to examine the health impacts of carcinogens globally and in the UAE.

It is hypothesized that exposure to carcinogenic and toxic agents increases the likelihood of cancer and chronic
illnesses. The degree of risk depends on exposure duration, intensity, and personal susceptibility (age, genetics,
lifestyle, and health). These agents disrupt cellular functions, cause DNA mutations, and alter metabolism, leading
to tumour formation or systemic toxicity.

Different carcinogens show distinct biological effects: for example, benzene targets bone marrow, while tobacco
smoke and alcohol affect the lungs, throat, and liver. Environmental pollutants like asbestos or fine particulate
matter compound risks when combined with pre-existing health vulnerabilities, intensifying disease onset.

VI. METHODOLOGY
This study employs a mixed-method approach combining literature review, data analysis, and regional case
evaluation to examine the health impacts of carcinogens globally and in the UAE.

A. Literature Review and Classification Analysis
Peer-reviewed journals, WHO, IARC, and EPA reports provide a foundation for identifying classification systems,

mechanisms of action, and

Table 1: Summary of The IARC Classification

Group Description Examples

Group 1 Carcinogenic to humans. Strong evidence from human | Tobacco smoke, asbestos, benzene, processed
studies and/or sufficient evidence in animals. meat

Group 2A Probably carcinogenic to humans. Limited evidence in | Diesel engine exhaust, glyphosate, acrylamide
humans but sufficient in animals.

Group 2B Possibly carcinogenic to humans. Limited evidence in Radiofrequency electromagnetic fields (from
humans and less-than-sufficient evidence in animals. mobile phones), lead, pickled vegetables

(traditional Asian)

Group 3 Not classifiable as to its carcinogenicity to humans. Caffeine, tea, fluorescent lighting
Inadequate evidence in humans and animals.

Group 4 Probably not carcinogenic to humans. Strong evidence | Caprolactam (a synthetic fiber precursor)
suggesting lack of carcinogenicity.

Table 1 - The IARC classification shows that while a significant number of substances fall under “probable” or
“possible” categories, only a few have been confirmed as non-carcinogenic, underlining the complexity of
cancer research.
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Table 2: Summary of The EPA Classification

Group Description Examples
Group A Human carcinogen: clear evidence from epidemiological Asbestos, Benzene, Arsenic, Tobacco smoke
studies showing a direct causal link between exposure
and cancer in humans.
Group Bl Probable human carcinogen: limited but suggestive Formaldehyde, DDT, Vinyl chloride
human evidence, supported by sufficient animal data.
Group B2 Probable human carcinogen: inadequate human evidence Acrylonitrile, Styrene, Ethylene oxide
but strong animal evidence of carcinogenicity.
Group C Possible human carcinogen: limited animal evidence, Chloroform, Acetaldehyde, Caffeine (at very high
with no reliable human evidence. doses, debated)
Group D Not classifiable: inadequate or no data in both humans Caprolactam, Diesel exhaust before further
and animals to determine carcinogenicity. studies, Some dyes/pesticides under review
Group E Evidence of non-carcinogenicity: well-conducted human Saccharin (after reclassification), Aspartame
and animal studies show no risk of cancer. (debated but largely deemed safe), Glyphosate
(classified as non-carcinogenic by EPA, though
TARC differs)

Table 2 - The EPA system differentiates between limited human and strong animal evidence, creating two
“probable” subgroups (Bl and B2)

health outcomes. Synthesizing this data enables comparison between global and UAE exposure patterns.

B. Data Collection and Representation
Statistical data from PubChem, WHO Global Health Observatory, IRIS, and GLOBOCAN, along with UAE
Ministry of Health reports, were organized into charts and tables to display carcinogen distribution and associated
health outcomes globally and regionally.

C. Case Studies and Regional Context

Case studies such as benzene in industrial workers, asbestos-linked mesothelioma, and tobacco-related cancers
were analysed. UAE-specific risks—vehicular emissions, shisha use, and occupational hazards in petrochemical
sectors—were compared to global data to identify regional distinctions.

D. Safety and Ethical Considerations
Though based on secondary data, this research stresses safe laboratory practices, ethical data representation, and
public transparency to prevent misinformation.

E. Limitations and Replicability
Data scarcity, especially regional, limits precise analysis. However, the mixed-method approach ensures
replicability and adaptability for future studies.

VII. RESULTS

Three datasets illustrate global carcinogen identification patterns:

IARC Carcinogen Groups
% of ldentified Substances

1% 129

7%

51%

29%

EGroup1 EGroup?2A EGroup 2B OGroup3 M Group5

Fig. 1 - A majority of substances fall under Groups 2B and 3, showing the uncertainty and need for further
evidence in carcinogenic classifications.
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Fig. 2 - This graph illustrates the growth in the total number of substances evaluated and classified by IARC
over the past 15 years. It highlights the increasing identification of carcinogenic agents across all groups.
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Fig. 3 - This figure compares major carcinogen exposure categories, showing UAE s higher dependence on
tobacco and occupational sources compared to global averages.

Globally, carcinogen classifications show that many substances fall into “probable” or “possible” categories,
demanding continued research.

In the UAE, industrialization and urbanization heighten exposure to benzene, asbestos, and silica dust, while
cultural practices like shisha smoking amplify risk. Regional variations stress the need for localized strategies
aligned with international standards.

VIII. ANALYSIS AND INTERPRETATION

Understanding carcinogen classification bridges science and policy. IARC data reveal most substances
fall in Group 2A or 2B, showing evidence gaps between animal and human studies. Group 1 agents (tobacco,
asbestos, benzene) remain globally recognized threats.

The steady rise in classified agents from 2010-2025 reflects advances in detection and awareness.
Regulators now address emerging chemicals, pollutants,
and lifestyle risks. The UAE’s industrial profile shows higher occupational exposure compared to global averages,
underscoring the importance of national regulations complementing global frameworks.

IX. KEY FINDINGS

e Carcinogen Classification: IARC and EPA systems provide structured identification of confirmed, probable,
and possible human carcinogens.

e Global Trends: Increased classifications reflect scientific advancement and public health awareness.

e  Major Exposure Sources: Tobacco, industrial pollutants, pesticides, and processed foods dominate global
carcinogen profiles.

e Regional Insights (UAE): Occupational and environmental risks surpass global averages, particularly in
construction and petrochemical sectors.

e Health Implications: Prevention through regulation, education, and lifestyle modification remains crucial.
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X. IMPACTS ON HUMANS
A. Cellular and Genetic Damage
Carcinogens alter DNA, causing mutations and chromosomal instability. These permanent genetic injuries lead to
uncontrolled cell growth and tumor formation, significantly increasing lifetime cancer risk.

B. Respiratory and Cardiovascular Effects

Inhaled carcinogens like tobacco smoke, asbestos, and PMa.s cause lung inflammation, COPD, and lung cancer.
Blood-borne toxins damage arteries, increasing heart disease and stroke risk, reducing life expectancy and quality
of life.

C. Reproductive and Developmental Risks
Pesticides, heavy metals, and endocrine disruptors harm fertility and fetal health, causing congenital defects and
childhood cancer susceptibility. These effects threaten not just individuals but future generations.

D. Economic and Social Burden
Cancer treatments impose major costs on healthcare systems and families. Productivity loss, disability, and social
stress compound the socioeconomic burden globally.

E. Impact in the UAE

Risks stem from tobacco use, occupational exposure (construction, petrochemicals), and environmental pollution.
Despite strong laws, cancer remains a leading mortality cause, emphasizing ongoing monitoring and awareness.

Comparative Impact of Carcinogen Exposure
(Global vs UAE)

Emvironmental/Occupational-Specific Impact [

Percentage [3)

UAE Contribution (%)  mGlobal Contribution (%)

Fig. 4 - This graph compares how carcinogens affect human health globally versus in the UAE. While cancer and
respiratory illnesses dominate everywhere, the UAE shows a relatively higher share of occupational and
environmental impacts.

XI. REMEDIES

Reducing carcinogen exposure safeguards both present and future generations.

e Strengthen Industrial Regulations: Enforce strict monitoring of benzene, formaldehyde, and similar
chemicals to reduce workplace risks.

o Enhance Workplace Safety: Mandate PPE, enforce limits on exposure time, and ensure safety training.

e  Promote Tobacco Control: Implement cessation programs, advertising bans, and taxation to cut smoking
rates.

e Reduce Environmental Pollution: Enforce emission controls on industries and vehicles, improving air

quality

Encourage Safe Agricultural Practices: Promote organic farming and limit pesticide use.

Increase Public Awareness: Educate communities about risks and safe handling of chemicals.

Invest in Research and Monitoring: Expand studies and early detection systems for new carcinogens.

UAE-Specific Remedies:

Stricter construction and oil sector safety standards.

Anti-shisha and anti-tobacco campaigns.

Enhanced industrial emission monitoring.
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Fig. 5 - The graph shows global reductions in carcinogen exposure after remedies were implemented, with
workplace safety and emission controls leading to the largest improvements. Smoking bans also contributed to a
noticeable decline in exposure.
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Fig. 6 - The graph highlights the effectiveness of global regulatory measures, showing reduced smoking

prevalence, major declines in workplace-related injuries, and significant drops in industrial emissions. These
trends demonstrate how targeted policies directly lower carcinogen exposure.

XII. IMPLEMENTATION CHALLENGES
e Financial costs and industry resistance hinder progress.
o Small enterprises often lack resources to comply with cleaner technologies.
e Public unawareness, cultural norms (e.g., shisha use), and limited enforcement also reduce policy
effectiveness.

e  Education and community engagement are vital to success.

XIII. FUTURE OUTLOOK
e Technological innovation promises progress. Al-based early detection, emission tracking, and green energy
can curb exposure.
e  Global collaboration under frameworks like the UN SDGs and UAE Vision 2031 will foster safer, healthier
societies through sustainable practices.

XIV. CONNECTIONTO ‘SDG’ GOALS

This research supports:

. SDG 3: Good Health and Well-being: by emphasizing prevention of cancer through reduced carcinogen
exposure, regulation, and awareness.
. SDG 12: Responsible Consumption and Production: through advocacy for sustainable manufacturing,

safe chemical use, and reduced pollution.
By linking environmental sustainability with human health, the study reinforces global cooperation and
innovation toward a safer future.

XV. CONCLUSION
Carcinogen exposure poses severe health, economic, and social challenges. While global and UAE-
specific regulations have improved, consistent enforcement and awareness are essential. Collaborative actions,
technological progress, and education can minimize carcinogen risks and advance SDG 3 objectives for healthier
lives.
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XVI. LIMITATIONS
Dependence on secondary data and limited UAE-specific exposure metrics constrain precision. Variations in
genetics, lifestyle, and environmental conditions may affect applicability, highlighting the need for continuous,
region-focused research.

XVII. EVALUATION

This research effectively integrates international carcinogen frameworks (IARC, EPA) with UAE context,
identifying critical risks and practical remedies. Although data gaps exist, the analysis remains comprehensive,
actionable, and relevant to global and regional health policy.
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