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Abstract : Working in rubber factories exposes personnel to a cocktail of airborne
contaminants-hydrogen sulfide, organic solvents, and fine dust-that jeopardise health over the
long term. A key pathological response to such pollution is the upsurge in reactive oxygen
species (ROS), which drives oxidative stress and underlies injury to cells, tissues, and organ
systems. The present review compiles biomarker and mechanistic data showing how
encounters with factory fumes correlate with elevated ROS levels in exposed workers. Cross-
sectional surveys and laboratory experiments consistently report raised indicators such as
malondialdehyde (MDA) and 8-hydroxy-2-deoxyguanosine (8-OHdG), establishing a robust
link between airborne toxins and molecular damage. Genetic variants that weaken antioxidant
enzymes further shape individual risk, reminding us that not every worker faces the same
burden even under identical exposure conditions. Consequences typically affect the respiratory
tract, heart, and metabolic pathways, reinforcing calls for stronger engineering controls,
personal monitoring, and health surveillance in the plant. Early trials of antioxidant
supplements show promise for damping ROS pathways, yet the field still lacks evidence-based
protocols that tailor interventions to sources and dosages of pollution. By clarifying these
oxidative processes, the review aims to guide regulators and industry managers in crafting
rules that truly protect workers' lives and livelihoods.'**

Keywords: Rubber factory pollution; reactive oxygen species (ROS); oxidative stress;
occupational exposure; biomarkers; hydrogen sulfide (H2S); organic solvents; particulate

matter.

INTRODUCTION Industrial rubber production releases
Rubber  Factory  Pollution and several hazardous pollutants that put
Occupational Exposure workers' health at serious risk. The polluted
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air inside these plants is mainly loaded with
hydrogen sulphide (H2S), volatile organic
compounds, especially the benzene-
toluene-ethylbenzene-xylene group known
as BTEX, and a mix of fine and ultrafine
dust. H2S shows up most during the
handling of raw natural rubber and in
crumb-rubber lines, as chemical breakdown
and anaerobic bacteria release the notorious
gas. Because it is so heavy, H2S settles in
low spots, yet workers usually inhale it
wherever ventilation is weakest and
production speeds ebb and flow."!° BTEX
solvents leak into the air during
vulcanisation, polymerisation and other
high-heat steps, turning workrooms into
hidden clouds of indoor pollution. Where
exhaust fans, windows or cross-drafts are
missing, benzene and toluene linger and
enter lungs or skin, poisoning the liver and
raising  cancer odds.  Meanwhile,
mechanical grinding, mixing and hot-
cutting shed fine particles that, once
airborne, can count in the millions per cubic
meter and bury metals inside organic
material. These ultra-fines reach the
deepest lung sacs and travel through the
bloodstream, carrying toxic cocktails far
from their point of entry. Because their tiny
size gives them a larger surface area, these
particles react more easily and can contact
cells directly.*?® With many different
contaminants around and workers often
exposed for long hours with few guards,
factories that handle rubber should be
closely studied to see how these pollutants
harm the body.? This review is built on the
urgent need to link what is breathed in at a
rubber plant to the damage done by reactive
oxygen species, or ROS, inside the cells.!
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Role of Reactive Oxygen Species (ROS)
in Occupational Health

Reactive oxygen species, or ROS,
include radical molecules with unpaired
electrons—think superoxide O2+— and the
hydroxyl radical *OH—as well as non-
radical but highly reactive kinds like
hydrogen peroxide H202. At normal body
temperatures, ROS play key roles in cell-
signalling, immune responses, and redox
balance. When their numbers soar, usually
after contact with smoke, fumes, or heavy
metals, the delicate redox balance ruptures
and oxidative stress sets in.>?! Within
workplaces, excess ROS can arise from
chemicals arriving directly on the skin or
respiratory tract, or from the body
responding to these foreign agents. Organic
solvents, for instance, slip into metabolic
loops that churn out additional radicals;
airborne particulate matter often triggers
NADPH oxidase and similar enzymes,
locking cells into a cycle of high ROS
release. That sustained oxidative barrage
attacks lipids, damages proteins, cleaves
DNA strands, weakens mitochondria, and
fans pro-inflammatory flames, all pathways
seen in the development of many chronic
diseases.®*?> To judge how workplace
exposures affect the body, scientists
compare the output of ROS with the activity
of built-in antioxidant defences such as
superoxide dismutase SOD, catalase CAT,
and glutathione peroxidase GPX. If the
scales tip toward production and the
protective enzymes falter, cells grow more
fragile, workers become more prone to
illness, and symptoms often hit harder in
polluted industrial zones.>* This review
therefore treats ROS as twin markers and
drivers of harm, a point especially relevant
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for those exposed to rubber-factory

emissions.!?*

Aim and Scope of Review

This review sets out to look closely at
how working in rubber factories pushes up
levels of reactive oxygen species (ROS) in
the people on the shop floor. To do that, we
first pull together the latest data on
oxidative biomarkers, then explain the
biological routes through which factory
pollutants spark ROS production, and
finally check how a person’s genes may
make them more or less sensitive to these
stresses. Along the way, we map the wider
health problems linked to extra oxidative
pressure, from lung and heart trouble to
issues with metabolism, and we point out
practical ways to shield workers while also
flagging and filling the gaps still left in the
science. By weaving together evidence
from chemistry, biology, and workplace
studies, the paper aims to sharpen health
guidelines, guide smarter risk reviews, and
back customised tools that could cut the
sickness tied to ROS in rubber factory

crews.b?

METHODS
Literature Search and Selection Criteria
Researchers carried out a thorough
search across major databases, like PubMed
and Scopus, looking only at peer-reviewed
work published through early 2024. They
chose articles that directly addressed
exposure in rubber factories and measured
reactive oxygen species or other oxidative-
stress markers in workers. To build a solid
pool of evidence, the review included cross-
sectional studies, longitudinal cohort
research, and experimental biomonitoring,
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along with genetic analyses.>?® Studies
were left out if they did not measure
oxidative biomarkers directly or if they
examined exposures outside the rubber
industry. Special attention was given to
papers that used clear biochemical tests-
malondialdehyde, 8-hydroxy-2'-
deoxyguanosine, antioxidant  enzyme
activity, and cytokine levels-to track how
oxidative stress changed over time.

Data Extraction and Synthesis

Data extraction concentrated on
pollutant levels, length of exposure,
specific biomarkers recorded, genetic
variants studied, and health effects noted.
Special attention was given to uncovering
how reactive oxygen species are produced
and how antioxidant systems react.
Whenever possible, quantitative values for
biomarker concentrations and their
statistical links to exposure were gathered
to support side-by-side comparison.”-3

Analysis Approach

Researchers used a qualitative
synthesis approach to pull together the
study results. The focus was on mapping
the biochemical routes connecting exposure
to reactive oxygen species and on looking
at how genetic risk factors shape the level
of oxidative harm. When enough
information was available, they examined
dose-response patterns and found that
harsher, longer exposures tended to raise
signs of oxidative damage.>*’

RESULTS

Pollutant Exposure Profiles in Rubber
Factories
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Analyses indicate that H2S levels in
crumb rubber plants can climb high enough
to worry health experts, a by-product of the
sulphur breakdown that occurs in this part
of the process.! Routine workplace checks
also show indoor air still carries too much
benzene and toluene, with some tests far
above legal limits. In one cross-sectional
study of 120 workers, average exposures
were 2.13 mg/m”3 for benzene and 560
mg/m”* for toluene, pointing to weak
ventilation and control.? In contrast, xylene
concentrations usually stayed within
accepted bounds. Dust and ultra-fine
particles thrown off by high-energy thermal
sprays and other polymer steps add another
layer of factory pollution. Particles smaller
than 2.5 pm and nanoscale aerosols
produce more reactive oxygen species in
the lungs because of their mix of heavy
metals and leftover organics.* Workers who
handle iron-oxide pigments show higher
biomarker levels that match these
exposures.>

Biomarkers of ROS and Oxidative
Stress in Workers

Workers directly exposed to rubber
manufacturing chemicals have noticeably
higher levels of MDA, a marker formed
when cell membranes break down through
lipid peroxidation, than healthy controls.®
At the same time, 8-OHdG climbs, pointing
to more damaged DNA and raising concern
about long-term genetic mutations and
cancer risk.> These employees also show
lower activity of key antioxidant enzymes
like superoxide dismutase (SOD) and
catalase (CAT), hinting that their natural
defence against reactive oxygen species has
been worn out by constant exposure [9].
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Together, these signs provide solid
biological proof that conditions in rubber
factories push oxidative stress beyond a
safe limit, with effects that could extend
throughout the body.

Influence of Exposure Duration and
Genetic Factors

Research shows that the longer
rubber factory workers breathe in plant-
related pollutants, the worse their oxidative
stress markers tend to be. Those on the job
for years report higher levels of MDA and
a dip in overall antioxidant capacity, hinting
at a growing oxidative load.! Genetics plays
a big part too, pushing some people to react
differently. For example, the GSTMI null
genotype leaves workers without a working
glutathione S-transferase mu 1 enzyme and
is tied to extra ROS build-up because the
body struggles to clear certain harmful
compounds.’ Similarly, the metallothionein
1A gene variant MTI1A 1s8052394 can
affect how metals settle in cells and how
much damage they cause, shaping each
person’s risk from heavy-metal-linked
ROS.!°

DISCUSSION

Mechanistic Pathways

Exposure and ROS Production
When liver cells pick up organic

solvents, their cytochrome P450 enzymes

give the chemicals a sort of metabolic

Linking

makeover that can spit out reactive by-
products, letting those by-products bounce
around inside the cell and turn into
superoxide and hydrogen peroxide.!! Tiny
bits of air pollution that carry heavy metals
then slide into the picture and act like a
catalyst in Fenton reactions, making
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hydroxyl radicals that pile on even more
oxidative harm. After the lungs taste diesel
smoke or similar haze, specific NADPH
oxidase types matter if it's NOX1, NOX2,
or NOX4-rev up work and push superoxide
levels even higher. Nanoparticles on the
inhale wreck mitochondria, knock the
electron-transport chain out of step, spill
even more ROS into the mix, and leave the
cell struggling for energy.'? Piling onto that
trouble, reduced antioxidant defences, often
because key enzymes are blocked or run
low, tip the balance hard in favour of
oxidative stress, a pattern seen in workers
handling heavy metals and solvents.'?

Health Implications of Elevated ROS in
Rubber Factory Workers

Breathing in pollution that generates
reactive oxygen species hurts the lung
lining, causes a sore and swollen airway,
and sets the stage for long-lasting
symptoms that could lead to chronic
obstructive pulmonary disease. Laboratory
work with selenium-rich soybean peptides
shows they ease the cell death and
inflammatory signals caused by fine
particles in the air, underscoring how
central oxidant stress is to lung damage.!*
The heart also suffers; ROS hurts the cells
lining blood vessels and makes the heart
rhythm more wobbly. When animals inhale
diesel exhaust particles, researchers see
more bursts of fast ventricular beats and
extra collagen laid down in heart tissue, and
those changes trace back to oxidative
damage. Giving the animals cerium oxide
nanoparticles cuts down on both the rhythm
problems and the stiffening of the heart
wall, opening a door to possible new
treatments.'> On the metabolic side, excess
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ROS throw blood sugar control oft-kilter by
wrecking the pancreas beta cells and
pushing the body toward insulin resistance.
That picture is complicated by hydrogen
sulphide, which enters through pollution
yet can also help shield pancreatic tissue

from oxidative harm.!'®

Protective Measures and Potential
Interventions

The body wusually cranks up its
antioxidant enzymes, like superoxide
dismutase (SOD) and catalase (CAT), when
it first faces oxidative stress, but if that
stress drags on, their levels can fall, and
studies show this drop in exposed groups.®
Adding outside antioxidants as quercetin-
reduces reactive oxygen species, curbs
damage to lipids, and cuts cell death in lab
tests, marking it a hopeful add-on therapy.!”
Likewise, peptides boosted with selenium
work better at blunting oxidative damage
and cell death in lung cells hit with tiny
pollutant particles.!* On the job, clear steps
such as regular air monitoring, good
airflow, proper masks, and routine health
checks remain vital. Small changes, too,
can help: wearing compression stockings
has cut oxidative stress in workers who
stand a lot, proving that targeted workplace
tweaks can really protect oxidative health.'8

CONCLUSION
Summary of Key Findings

Research now clearly shows that
fumes and chemicals from rubber factories
pump up levels of reactive oxygen species
and overall oxidative stress in workers who
breathe them in every day. Higher markers
for damaged lipids and broken DNA back
up these findings and confirm that the
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workplace is taking a real toll on the body.
On top of that, genetic differences that
affect how well a person cleans out these
toxins paint an even more personal picture
of risk, highlighting why prevention plans
should be tailored rather than one-size-fits-
all.

Implications for Occupational Health
Keeping an eye on markers of
oxidative stress is key for spotting
pollution-related damage in workers as
soon as it appears. Pairing this monitoring
with tests for genetic risk and tailored
antioxidant plans can make workplace
defences much stronger. Still, the most
effective way to protect workers is to follow
exposure-cutting rules without exception.

Recommendations for Future Research

Researchers still require long-term
studies that follow workers over time to
clarify how oxidative stress builds up and
which health problems it consistently
causes. Meanwhile, building a single set of
blood and tissue tests that measure
oxidation, inflammation, and DNA damage
would make diagnosis quicker and more
reliable. Larger trials on the impact of
antioxidant supplements would show
whether adding such a strategy to
workplace health programs can really
protect employees. 1,5.2
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