
Vol 10 No 3, 2025 

 

 

E-ISSN: 2528-410X 

 

230 
Jurnal Buletin Farmatera 

Fakultas Kedokteran (FK) 

Universitas Muhammadiyah Sumatera Utara (UMSU) 

http://jurnal.umsu.ac.id/index.php/buletin_farmatera 

LITERATURE REVIEW 

Literature Review: Relationship Between Rubber Factory Pollution 

Exposure and Reactive Oxygen Species (ROS) Levels in Workers 

 

Sumihar M R Pasaribu, Amril Purba, Guntur Perangin-angin, Jekson Martiar Siahaan 

 

 
1Department of Biochemistry, Faculty of Medicine, Institut Kesehatan Deli Husada, Medan, Sumatera 

Utara ; sumihar@delihusada.ac.id 
2Department of Physiology, Faculty of Medicine, Institut Kesehatan Deli Husada, Medan, Sumatera Utara; 

amril@Delihusada.ac.id 
3Department of Surgery, Faculty of Medicine, Institut Kesehatan Deli Husada, Medan, Sumatera Utara; 

guntur@Delihusada.ac.id 
4Department of Physiology, Faculty of Medicine, Institute Kesehatan Delihusada, Medan, Sumatera Utara: 

jeksonmartiar@Delihusada.ac.id 

 

Corresponding Email: sumiharpasaribu@gmailcom 

 

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.1,2,3   

 

Keywords: Rubber factory pollution; reactive oxygen species (ROS); oxidative stress; 

occupational exposure; biomarkers; hydrogen sulfide (H2S); organic solvents; particulate 

matter. 

 

INTRODUCTION 

Rubber Factory Pollution and 

Occupational Exposure 

Industrial rubber production releases 

several hazardous pollutants that put 

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.1,19 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.4,20 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.2 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.1 

 

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 H2O2. 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.5,21 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.6,22 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.5,23 This review 

therefore treats ROS as twin markers and 

drivers of harm, a point especially relevant 



Vol 10 No 3, 2025 

 

 

E-ISSN: 2528-410X 

 

232 
Jurnal Buletin Farmatera 

Fakultas Kedokteran (FK) 

Universitas Muhammadiyah Sumatera Utara (UMSU) 

http://jurnal.umsu.ac.id/index.php/buletin_farmatera 

for those exposed to rubber-factory 

emissions.1,24 

 

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.1,25 

 

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, 

along with genetic analyses.2,26 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.7,28 

 

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.2,29 

 

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.1 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^3 for toluene, pointing to weak 

ventilation and control.2 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 µm and nanoscale aerosols 

produce more reactive oxygen species in 

the lungs because of their mix of heavy 

metals and leftover organics.4 Workers who 

handle iron-oxide pigments show higher 

biomarker levels that match these 

exposures.3 

 

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.8 

At the same time, 8-OHdG climbs, pointing 

to more damaged DNA and raising concern 

about long-term genetic mutations and 

cancer risk.3 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]. 

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.1 Genetics plays 

a big part too, pushing some people to react 

differently. For example, the GSTM1 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.5 Similarly, the metallothionein 

1A gene variant MT1A rs8052394 can 

affect how metals settle in cells and how 

much damage they cause, shaping each 

person’s risk from heavy-metal-linked 

ROS.10 

 

DISCUSSION 

Mechanistic Pathways Linking 

Exposure and ROS Production 

When liver cells pick up organic 

solvents, their cytochrome P450 enzymes 

give the chemicals a sort of metabolic 

makeover that can spit out reactive by-

products, letting those by-products bounce 

around inside the cell and turn into 

superoxide and hydrogen peroxide.11 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.12 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.13 

 

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.14 

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.15 On the metabolic side, excess 

ROS throw blood sugar control off-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.1,16 

 

Protective Measures and Potential 

Interventions 

The body usually 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.6 

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.17 

Likewise, peptides boosted with selenium 

work better at blunting oxidative damage 

and cell death in lung cells hit with tiny 

pollutant particles.14 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.18 

 

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 

 

Acknowledgments 

Funding Sources 

The authors gratefully acknowledge 

university-level support and targeted health 

research grants in occupational toxicology 

and industrial hygiene that made this 

review possible. 

 

Institutional Support and Collaboration 

We thank the departments we partner 

with for granting us access to their labs and 

for backing our current work on 

occupational health. 

 

Individual Contributions 

The authors thank the lab techs, data 

analysts, and peer reviewers whose work 

helped shape and polish this review. 

 

REFERENCES 

1. Oktriyedi, F., Irfannuddin, I., 

Ngudiantoro, N., & Dahlan, M. 

(2021). Dampak paparan gas hidrogen 

sulfida (h2s) terhadap kadar gula 

darah pada pekerja pabrik crumb 

rubber di kota palembang sumatera 

selatan. None. 

https://doi.org/10.29238/sanitasi.v14i

2.1201 

2. ELGHMRY, M. R. M. E. Z. M. & 

KABBASH, M. H. E. H. I. A. (2019). 

Assessment of occupational exposure 

to organic solvents, applied safety 

measures and their effect on liver 

function of exposed workers in rubber 

industry tanta city  gharbia 

governorate. Clinical Society of Cairo 

University. 

https://doi.org/10.21608/mjcu.2019.5

4884 

3. Frry, N., Santonen, T., Porras, S. P., 

Fui, A., Leso, V., Bousoumah, R., 

Duca, R. C., Yamani, M. E., 

KolossaGehring, M., Ndaw, S., 

Viegas, S., & Iavicoli, I. (2020). 

Biomonitoring of occupational 

exposure to phthalates: a systematic 

review. Elsevier BV. 



Vol 10 No 3, 2025 

 

 

E-ISSN: 2528-410X 

 

236 
Jurnal Buletin Farmatera 

Fakultas Kedokteran (FK) 

Universitas Muhammadiyah Sumatera Utara (UMSU) 

http://jurnal.umsu.ac.id/index.php/buletin_farmatera 

https://doi.org/10.1016/j.ijheh.2020.1

13548 

4. Nugrahaningsih, D., 

Wihadmadyatami, H., Widyarini, S., 

& Wijayaningsih, R. A. (2023). A 

review of the gstm1 null genotype 

modifies the association between air 

pollutant exposure and health 

problems. International Journal of 

Genomics. 

https://doi.org/10.1155/2023/4961487 

5. Kim, K. & Kim, K. (2016). Reactive 

oxygen species and cellular immune 

function of workers chronically 

exposed to high-level dusts. None. 

https://doi.org/10.15269/JKSOEH.20

16.26.3.286 

6. Vincenzo, S., Ferrante, G., Ferraro, 

M., Cascio, C., Malizia, V., Licari, A., 

Grutta, S. L., & Pace, E. (2023). 

Oxidative stress, environmental 

pollution, and lifestyle as determinants 

of asthma in children. Biology. 

https://doi.org/10.3390/biology12010

133 

7. Aguscik, A., Ikob, R., & Putra, S. A. 

(2017). The level of malondialdehyde 

in people exposed to air pollution. 

Institute of Advanced Engineering and 

Science (IAES). 

https://doi.org/10.11591/ijphs.v6i1.65

39 

8. Malaguarnera, G. (2012). Toxic 

hepatitis in occupational exposure to 

solvents. Baishideng Publishing 

Group. 

https://doi.org/10.3748/wjg.v18.i22.2

756 

9. Bessa, M., Brando, F., Fokkens, P., 

Leseman, D., Boere, A., Cassee, F., 

Salmatonidis, A., Viana, M., Monfort, 

E., Fraga, S., & Teixeira, J. (2022). 

Unveiling the toxicity of fine and 

nano-sized airborne particles 

generated from industrial thermal 

spraying processes in human alveolar 

epithelial cells. International Journal 

of Molecular Sciences. 

https://doi.org/10.3390/ijms23084278 

10. Pelclov, D., dmal, V., Kaer, P., 

Fenclov, Z., Vlkov, T., Syslov, K., 

Navrtil, T., Schwarz, J., Zkov, N., 

Baroov, H., Turci, F., Komarc, M., 

Pelcl, T., Belacek, J., Kukutschov, J., 

& Zakharov, S. (2016). Oxidative 

stress markers are elevated in exhaled 

breath condensate of workers exposed 

to nanoparticles during iron oxide 

pigment production. IOP Publishing. 

https://doi.org/10.1088/1752-

7155/10/1/016004 

11. Omolaoye, T., Skosana, B., Ferguson, 

L. M., Ramsunder, Y., Ayad, B. M., & 

Plessis, S. S. D. (2024). Implications 

of exposure to air pollution on male 

reproduction: the role of oxidative 

stress. Antioxidants. 

https://doi.org/10.3390/antiox130100

64 

12. Aydin, S. V. (2023). Relationship of 

lead with free radicals, reactive 

oxygen species, oxidative stress and 

antioxidant enzymes. Eskiehir Teknik 

niversitesi Bilim ve Teknoloji Dergisi 

- C Yaam Bilimleri Ve Biyoteknoloji. 

https://doi.org/10.18036/estubtdc.123

6273 

13. Santibez-Andrade, M., Quezada-

Maldonado, E. M., Rivera-Pineda, A., 

Chirino, Y., Garca-Cuellar, C., & 

Snchez-Prez, Y. (2023). The road to 

malignant cell transformation after 



Vol 10 No 3, 2025 

 

 

E-ISSN: 2528-410X 

 

237 
Jurnal Buletin Farmatera 

Fakultas Kedokteran (FK) 

Universitas Muhammadiyah Sumatera Utara (UMSU) 

http://jurnal.umsu.ac.id/index.php/buletin_farmatera 

particulate matter exposure: from 

oxidative stress to genotoxicity. 

International Journal of Molecular 

Sciences. 

https://doi.org/10.3390/ijms24021782 

14. Cappelleti, C. P., Silva, K. T. S., 

Rodrigues-Conrad, K., Grams, K. C., 

Silva, I. K. D., Frielink, A. P., 

Abdallah, S. D. R., Colet, C. D. F., 

Bortolotto, J. W., Bonfanti-Azzolin, 

G., & Parisi, M. M. (2023). Cytotoxic 

and oxidative changes in individuals 

occupationally exposed to recyclable 

municipal solid waste. Journal of 

Toxicology and Environmental 

Health, Part A. 

https://doi.org/10.1080/15287394.202

3.2256782 

15. Gauszka-Bulaga, A., Tkacz, K., 

Wglarczyk, K., Siedlar, M., & Baran, 

J. (2023). Air pollution induces 

pyroptosis of human monocytes 

through activation of inflammasomes 

and caspase-3-dependent pathways. 

Journal of Inflammation. 

https://doi.org/10.1186/s12950-023-

00353-y 

16. Goyal, T., Mitra, D. P., Singh, P., 

Sharma, P., & Sharma, S. (2020). 

Evaluation of oxidative stress and pro-

inflammatory cytokines in 

occupationally cadmium exposed 

workers. None. 

https://doi.org/10.3233/WOR-203302 

17. Singh, P., Mitra, D. P., Goyal, T., 

Kumar, P., Sharma, S., & Sharma, P. 

(2020). Effect of metallothionein 1a 

rs8052394 polymorphism on lead, 

cadmium, zinc, and aluminum levels 

in factory workers. Toxicology and 

industrial health. 

https://doi.org/10.1177/07482337209

47518 

18. Peluso, M., Srivatanakul, P., Munnia, 

A., Jedpiyawongse, A., Ceppi, M., 

Sangrajrang, S., Piro, S., & Boffetta, 

P. (2009). 

Malondialdehydedeoxyguanosine 

adducts among workers of a thai 

industrial estate and nearby residents. 

Environmental Health Perspectives. 

https://doi.org/10.1289/ehp.0900907 

19. Khalid, N., Mahjabeen, I., Kayani, M., 

& Akram, Z. (2020). Association of 

arsenic-related as3mt gene and 

antioxidant sod2 gene expression in 

industrial workers occupationally 

exposed to arsenic. Toxicology and 

industrial health. 

https://doi.org/10.1177/07482337209

18680 

20. Zhang, J., Li, W., Li, H., Liu, W., Li, 

L., & Liu, X. (2023). Selenium-

enriched soybean peptides as novel 

organic selenium compound 

supplements: inhibition of 

occupational air pollution exposure-

induced apoptosis in lung epithelial 

cells. Nutrients. 

https://doi.org/10.3390/nu16010071 

21. Woo, J., Seo, H. J., Lee, J., Lee, I., 

Jeon, K., Kim, B., & Lee, K. (2023). 

Polypropylene nanoplastic exposure 

leads to lung inflammation through 

p38-mediated nf-b pathway due to 

mitochondrial damage. Particle and 

Fibre Toxicology. 

https://doi.org/10.1186/s12989-022-

00512-8 

22. Mnzel, T., Srensen, M., Schmidt, F. P., 

Schmidt, E. R., Steven, S., KrllerSchn, 

S., & Daiber, A. (2018). The adverse 



Vol 10 No 3, 2025 

 

 

E-ISSN: 2528-410X 

 

238 
Jurnal Buletin Farmatera 

Fakultas Kedokteran (FK) 

Universitas Muhammadiyah Sumatera Utara (UMSU) 

http://jurnal.umsu.ac.id/index.php/buletin_farmatera 

effects of environmental noise 

exposure on oxidative stress and 

cardiovascular risk. Mary Ann 

Liebert, Inc.. 

https://doi.org/10.1089/ars.2017.7118 

23. Ganse, G. F. S., Rodrguez, C., Ernst, 

L. M., Ruiz-Meana, M., Inserte, J., 

Martnez-Gonzlez, J., Benito, B., 

Puntes, V., Ferreira-Gonzlez, I., & 

Rodrguez-Sinovas, A. (2024). 

Abstract 4141905: ros-detoxifying 

cerium oxide nanoparticles attenuate 

the pro-arrhythmic effect of diesel 

exhaust particles in isolated rat hearts. 

Circulation. 

https://doi.org/10.1161/circ.150.suppl

_1.4141905 

24. Sun, C., Shen, J., Fang, R., Huang, H., 

Lai, Y., Hu, Y., & Zheng, J. (2025). 

The impact of environmental and 

dietary exposure on gestational 

diabetes mellitus: a comprehensive 

review emphasizing the role of 

oxidative stress. Frontiers in 

Endocrinology. 

https://doi.org/10.3389/fendo.2025.13

93883 

25. Gioda, A., Santa-Helena, E., Falco, A. 

D., & Gioda, C. (NaN). Protection 

provided by quercetin in 

cardiomyocyte culture (h9c2) 

exposure to particulate matter (pm10 

and pm2.5). None. 

https://doi.org/10.7185/gold2023.208

56 

26. Flore, R., Gerardino, L., Santoliquido, 

A., Catananti, C., Pola, P., & Tondi, P. 

(2007). Reduction of oxidative stress 

by compression stockings in standing 

workers.. Occupational Medicine. 

https://doi.org/10.1093/OCCMED/K

QM021 

27. Zhao, K., Jiang, C., Han, Y., Li, W., 

Li, Y., Liu, L., Ma, W., Hu, Y., & 

Zhang, Z. (2024). Differential 

occupational health risks between 

methylated pahs and pahs: monitoring 

126 pahs and 6 oxidative stress 

markers in paired serumurine samples. 

Environmental Health. 

https://doi.org/10.1021/envhealth.3c0

0164 

28. Giampaoli, O., Sciubba, F., Tranfo, 

G., Sisto, R., Pigini, D., Rosa, M. D., 

Patriarca, A., Miccheli, A., Fetoni, A., 

Tricarico, L., & Spagnoli, M. (2024). 

Nmr untargeted and hplc-ms/ms 

targeted metabolomic approaches for 

evaluating styrene exposure in the 

urine of shipyard workers. Toxics. 

https://doi.org/10.3390/toxics120301

82 

29. Lobo, V., Patil, A., Phatak, A., & 

Chandra, N. (2010). Free radicals, 

antioxidants and functional foods: 

impact on human health. Medknow. 

https://doi.org/10.4103/0973-

7847.70902 

 


