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ABSTRACT: Polycyclic aromatic hydrocarbons (PAHSs) are environmental pollutants primarily associated with chronic respiratory
illness. Increased epidemiological findings necessitate a concentrated effort to raise awareness regarding the influence of air quality
on the prevalence of highlighted PAHSs in airborne particles. PAHs have been associated with respiratory problems including asthma,
asthma exacerbation, chronic bronchitis, and emphysema The review gives an insight into the recent PAHs exposure and its toxicity
effects on the respiratory system. A literature search across four scientific databases yielded 120 relevant studies, including articles
analyzing urinary concentrations of various persistent PAHs and their biomarkers. The study also highlighted the risk posed by
PM_s5-PAHSs conjugates in causing mutagenesis, carcinogenesis, teratogenesis, disrupting signalling pathways resulting in oxidative
stress, acute and/or chronic respiratory morbidity, cognitive impairment, cardiovascular morbidity, and mortality. The study further
emphasizes PAHs' and their metabolites' significant toxicity to the respiratory system, inducing AhR/nonAhR interlinked signalling
mechanisms that lead to oxidative stress, immune system damage, asthma/COPD, and cancer. In conclusion, the study
predominantly indicates positive correlations between PAHs and respiratory toxicity.
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INTRODUCTION

The current scenario witnesses a rapid growth in industrialization and urbanization which has drastically led to a significant increase
in the upsurge of various pollutants including Polycyclic aromatic hydrocarbons (PAHSs).[1] PAHSs are ubiquitous, persistent toxic
xenobiotic chemicals released directly from both natural events like forest fires, and volcanic eruption, as well as anthropogenic
activities like incomplete combustion of fossil fuels and industrial processes. PAHSs are a prevalent class of environmental pollutants,
typically manifest as intricate combinations of more than 300 organic compounds containing multiple aromatic rings. These
compounds are noteworthy for their extensive distribution and potential to cause cancer, mutate genes, and induce toxicity.[2—-7]
PAHs are primarily 2-6 fused aromatic rings found in different configurations.[8-12] Based on source of origin 9 compounds are
categorized as ‘petrogenic PAHSs’ (alkylated or oxygenated PAHs arising from oil spills) and 16 priority PAHs are categorized as
‘pyrogenic PAHs’ (arising from fossil fuel) (Table 1) which are predominate in the atmosphere.[10, 13-15] Although levels of PAHs
vary in the environment, some of them, such as the extremely carcinogenic B[a]P, account for only 3% of the emission of 16 priority
PAHSs. High molecular mass PAHs pose a significant respiratory exposure risk as mutagen and cancer exist in both gaseous and
particulate forms.[3, 7, 16-18]

The emergence of PAHSs from air pollution is recognized to impact the health of both humans and other organisms, either directly
or indirectly. Recent epidemiological studies have provided compelling evidence linking PAHs exposure to respiratory diseases and
mortality rates.[19, 20] Exposure to PAHs and their photochemical oxidation product may result in lung cancer development.[21—
25] Furthermore, advancements in extraction techniques (solid phase microextraction, solid phase extraction, and liquid-liquid
extraction), analytical techniques including GCMSMS, HPLCMSMS, UPLC-MSMS, miniaturized and portable devices
(microfluidic technology, electrochemical sensors, surface-enhanced Raman spectroscopy), molecular and immunologic assays, and
computational modelling have enabled researchers to quantify PAHs levels in various environmental matrices and biological
samples with greater accuracy and sensitivity.[26, 27] Moreover, recent molecular and mechanistic studies have elucidated the
cellular pathways involved in PAHs-induced respiratory toxicity, paving the way for the development of novel therapeutic
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strategies.[20, 28, 29] In recent years, the escalation of anthropogenic activities has notably heightened the release of PAHSs into the
soil, water, and air, surpassing their respective permissible limits.[30—32] Recent investigations have established that these
substances are potential carcinogens.[2, 3, 7, 33] PAHs have been classified into 4 groups namely ‘Group 1 Carcinogenic to
humans’, ‘Group 24 Probably carcinogenic to humans’, ‘Group 2B Possibly carcinogenic to humans’, and ‘Group 3 Not
classifiable as to its carcinogenicity to humans’ (Table 1).[34, 35] PAHs specifically chrysene- CHR, benzo[a]pyrene- B[a]P,
benzo[a]anthracene- B[a]A, and benzo[b]fluoranthene- B[b]F are known as mutagens, teratogens, and carcinogens.[10, 36]
Previous research on PAHSs and respiratory toxicity has made significant knowledge, yet several gaps remain including combined
mechanistic insights into PAH-induced respiratory effects and precise exposure assessment methods.[37—-39] Addressing these gaps
will lead to a more comprehensive understanding of PAHS' respiratory toxicity and facilitate a clearer understanding of the
mechanisms, biomarkers, epidemiological associations, risk assessment approaches, and intervention strategies. The authors hereby
intend to explore the recent trends in identifying the current situation regarding respiratory issues caused by PAHSs as well as in
establishing the role of PAHs in respiratory illnesses. Limiting the literature search for a specific period provides more precise
techniques leading to more accurate detection of PAHs and their metabolite levels in biological systems. The last 5 years duration
also identified the current situation regarding respiratory issues caused by PAHs and developed epidemiological evidence of PAHs
role in respiratory problems, if any. A literature survey for a specific timeline provides the most up-to-date findings, enhancing the
relevance and timeliness of the research and enabling the review to encompass a comprehensive range of recent studies. The present
study may also serve as a basis for future research development for providing more accurate interpretations using pre-designed
synergistic signalling pathways for effective interventions and innovative strategies.

MATERIALS AND METHODS

An observational study was conducted for published articles during the last five years to investigate the relationship between PAHs
exposure and progression of respiratory toxicity.

Search Strategy

The literature survey was done using Elsevier- Science Direct, PubMed, Scholar Google, and Springer databases which identify
articles recently published in scientific journals i.e. MDPI, Nature, SAGE, ScienceDirect, Springer, Wiley, Hindawi, etc. from the
year April 2019 - July 2024. The relevant keywords used for the literature were ‘PAHSs exposure’, ‘PAHSs respiratory health’, ‘PAHs
toxicity mechanism’, ‘PAHs metabolism’, ‘PAHs metabolites’, and ‘PAHs exposure effect’. Additionally, standard guidelines
representing the nomenclature and classification of PAHs were also included (Table S1).[40, 41]

Inclusion Criteria

Original, full-text research articles, review articles, and clinical studies in the English language were considered for inclusion. The
study was included if represented the PAHs exposure effect among healthy subjects and/or provided the mechanism of action of
PAHSs exposure. Articles representing the relationship between toxic PAHs exposure and lung inflammation, impaired pulmonary
functioning, lung cancer, COPD, and acute lower respiratory infection (ALRI) were also included.

Exclusion Criteria

The study excluded those in non-English language OR irrelevant study populations OR unrelated exposures and/or unrelated
outcomes OR considered patients with previously reported other risk factors were excluded. Studies were pooled and compiled
using the Rayyan portal (Ouzzani et al., 2016).[42]

For the evaluation of PAHs-based respiratory toxicity, the initial search identified 3998 studies from four different databases. From
these studies, 3892 articles were withdrawn (328 duplicate articles, 888 irrelevant articles, 1396 excluded by title and abstract, 573
short communications, letters to editors, proceedings, 336 background articles in non-indexed journals, 39 excluded without full-
text, and 332 articles excluded for non-relevant keywords. Eventually, 120 studies were considered for this review and full-text
articles were comprehensively reviewed focusing on PAHs and their biomarkers, availability for biological uptake, methods of
extraction and quantification, the limits of detection, and mechanisms underlying respiratory toxicity (Table 2). In the course of this
review, different PAHs and their exposure effect on the respiratory system were studied including the respective mechanism of their
actions on the biological system (figure 1).

The chemical structure of priority PAHs was designed by ACD ChemSketch, USA ver. 2020.2.1. The name, abbreviation, and CAS
number were collected from PubChem.
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PAHs metabolites detection

PAHSs emitted into ambient air are categorized as International Agency for Research on Cancer (IARC) Group 2A and 2B human
carcinogens (Table 1).[43] Detection of PAHs metabolites in biological samples including mucus, urine, blood, plasma, serum,
sputum, seminal plasma, and milk etc. are critical in assessing human exposure and understanding their potential health effects.[44]
PAHs metabolites are formed in the body through metabolic processes following exposure to PAHSs, and their presence in biological
samples serves as biomarkers of exposure.[45] The detection of PAHs metabolites in environmental samples (water, air and dust)
assists in assessing the presence and distribution of contaminants in the environment. In recent years, the detection of PAHs and
their metabolites in both biological as well as environmental samples includes more precise and selective analytical techniques such
as GCMS or LCMS with more sensitive tools i.e. ultraviolet-fluorescence detector mass spectroscopy, HPLC-MSMS negative
electrospray ionization, isotope-dilution liquid chromatography with tandem mass spectrometry (ID-LC-MSMS), UPLC Orbitrap
MS analysis, etc. (Table 2, Table 3).

Biological monitoring

Urine analysis for evaluation of metabolic health, exposure to toxins, drugs, and pathogens is the most preferred method due to non-
invasive sample collection procedures, minimal matrix contamination, and wide range of half-life (5 h to 17 days).[27, 46] Both
high-performance liquid chromatography-ultraviolet-fluorescence detector mass spectroscopy (HPLC-UV-FLDMS) and gas
chromatography-mass spectroscopy (GCMS) techniques are frequently used for urinary PAHs metabolite estimation owing to
optimal sensitivity and selectivity.[47] Samples are treated with B-glucuronidase/arylsulfatase enzyme-conjugate for PAHSs
separation and are further extracted using solid/liquid-liquid extraction (SLE/LLE) and cleanup technique.[48] The extracted PAHs
samples are further concentrated, reconstituted in suitable solvents, and quantified (Table 2).

Various studies focused on assessing exposure to PAHs and their metabolites. These studies collectively provide insights into the
methodologies, health effects including potential implications for maternal and fetal health, PAHs effect by transfer from mothers
to infants through breastfeeding, health effects among workers in high-risk industries, and providing valuable insights into potential
environmental factors contributing to respiratory health issues.

Thangphatthanarungruang et al. (2023) utilized gas chromatography mass spectrometry to quantify 10 urinary carboxylic acid
metabolites, while also employing a graphene poly(L-GA)/SPGE for 1-hydroxypyrene (1-OHP) detection.[49] Zhu et al. (2022)
evaluated urinary PAHs and their metabolites in pregnant women using HPLC-MS/MS.[50] Shamsedini et al. (2022) measured five
urinary PAHs metabolites using GCMS.[51] Aung et al. (2021) employed an ID-LC-MS/MS method to analyze urinary PAHs
metabolites in a single-pollutant model.[52] Fernandez et al. (2021) conducted biomonitoring of PAHs metabolites in lactating
subjects using HPLCMS.[53] Salami et al. (2021) correlated PAHs exposure with socio-demographic factors and PM.s levels in
gestating women, analyzing urinary PAHs metabolites via GCMS.[54] Diaz de Le6n-Martinez et al. (2021) quantified urinary PAHs
metabolites in high-risk occupational groups using GCMS.[55] Shahsavani et al. (2022) evaluated PAHs exposure and its
association with health outcomes in the population of Shiraz province, Iran, using both blood and urine samples.[56] Hu et al. (2022)
analyzed urinary 1-OHP in children at high risk of asthma using UPLC Orbitrap MS.[57] Liu et al. (2023) studied the effect of
PAHSs exposure on lung epithelium in coke plant workers, assessing PAHs and nicotine biomarkers in urine and lung epithelium
damage biomarker (CCsg) in plasma samples.[58]

Environmental monitoring

PAHSs bound to PM s are considered toxic and prone to mutagenic, carcinogenic, and teratogenic effects.[10, 59-62] In ambient air,
multi-ring PAHs were more adsorbed with PM; 5 (66%—-86%) than PMso while low-ring PAHs were more accumulated on the
PMj surface (83%—86%).[63] Incomplete biomass combustion during food grilling is the most common cause of PAHs exposure
through inhalation of fumes or consumption of grilled food.[64, 65] The highest concentration of PAHs was detected in charcoal-
grilled food (382.02 pg/m3) while the lowest concentration was observed in gas-grilled food (1.44 pug/m?®).[65] Coal grilling activity
generated mostly 4-ring PAHSs in which coal ash was found abundant in FLU and PYR PAHs.[66] A significant increase in NAP,
ACE, FLA, PHE, PYR, and B[a]P was found in urine samples taken while grilling was taking place hours.[67] Three-year average
air monitoring in Dalian, North China revealed the presence of 53 PAH compounds in gas and particulate phases, ranging from 40
to 240 ng/m3 (with an average of 95 + 40 ng/m?). This included 26 alkylated PAHs (averaging 17 + 7.6 ng/m®), 16 priority PAHs
(averaging 68 * 33 ng/mq), and 4 high-molecular-weight PAHs (averaging 1.3 + 1.3 ng/m®). A city-based population attributable
fraction due to ambient PAHs exposure was observed at 12.0%o0 and 35.7/million people were attributed to cancer cases due to
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excess PAHSs inhalation, over a 70-year average lifespan.[68] A total number of 12 PAHSs as well as their representative metabolites
were analyzed in 170 ambient air samples collected from Chinese cities producing coal and oil and were compared to their respective
ILCR. The initial ILCR during the heating season (April-October) was reported as 2.65x10 in coal-producing and 4.60x10 in oil-
producing cities. During the non-heating season (November-March), initial ILCR was 1.17x10°8 and 3.34x10°8, for coal-producing
and oil-producing cities, respectively. For the bioaccessible fraction of PAHs and its metabolites (released in the gastrointestinal
tract lumen during digestion), the ILCR was lessened by >80% during both periods.[17] PAHSs and their halogenated derivatives are
abundant in the air, particularly in aerosolized particles smaller than PM,5.[69, 70] The association between PM, s and PAHSs in the
ambient environment was identified as the cause of Inhalation Lifetime Cancer Risk (ILCR) in Bangladesh and Japan. The median
ILCR observed was 10 which was greater than the acceptable risk limit (10). In Bangladesh, the concentration of PAHs and
xenobiotic PAHs (XPAHS) as well as their respective ILCRs were 1-2 times higher than the concentration in Japan.[71]
Mechanism of Action of PAHs Toxicity

Ma et al. (2020) reported PHE exposure in association with increased hepatic-pulmonary superoxide dismutase (SOD) activity,
malondialdehyde (MDA) content, and 8-hydroxy-2'-deoxyguanosine (8-OHdG) suggestive of induced oxidative stress in lung and
liver of the female rat.[61] Increased IL-6 level was observed after exposure to cooking smoke in a healthy subject. In vitro B[a]P
exposure (0.2 -2 mM concentration) to microglial cells increased TNF-o, an activator of the classical signalling pathway for
transcription factor NFxB and IL-6, resulting in NF-xB-derived inflammation and oxidative stress. The protein-mRNA expressions
of TNF-a and IL-6 in hepato-pulmonary tissues were increased in human alveolar epithelial cells (A549) following smoke-mediated
PHE exposure (Niu et al., 2021).[72] Environmental as well as dietary B[a]P exposure was also found to be in association with
pulmonary incremental-lifetime-cancer-risk (ILCR).[24, 73] Industrial trade-driven B[a]P emission was reported to be linked with
increased lung cancer incidences.[74]

Exposure to PAHSs, toxicity mechanism, and effect on pathophysiology using different experimental models is presented in Table
1. The mechanism of action of PAHs exposure involves (a) absorption in the body through inhalation, ingestion, and dermal contact
and distribution in the body via the bloodstream (b) biotransformation to water-soluble metabolites by oxidation, hydroxylation,
epoxidation, and conjugation reaction (c) metabolic activation to form reactive intermediates, such as epoxides and quinones that
interact and damage DNA, RNA, lipids, protein and enzymes (d) oxidative stress (e) inflammatory responses by activation of
immune cells and the release of pro-inflammatory mediators, such as cytokines and chemokines. Recent studies indicate that many
signalling pathways are implicated in PAHs-mediated respiratory toxicity.

Priority PAHs adsorbed on PM2s were found to be in association with increased ROS production, leading to damage to biological
macromolecules and lung epithelium. The presence of PAHs adsorbed onto PM2 s can indeed pose greater health risks compared to
PAHSs in their gaseous or unbound form. When PAHSs are adsorbed onto PM3 s, both penetrate in lungs more efficiently than gaseous
PAHSs, increasing the deposition in the respiratory tract. PAHs-PMa s have , longer residence time in the air compared to gaseous
PAHs. PM;s provides a large surface area to carry a significant number of PAHs leading to higher concentrations in air and
subsequently higher exposure levels for individuals. The combination of PAHs with other toxic components present in PM3 s, such
as heavy metals and VOCs, can result in respiratory system damage.[75-79] The damage induces lipid peroxidation affecting
ACTA2 gene expression (regulated by TGF-B inhibitor) and resulting in altered cellular functioning.[21, 23] The detectable
concentration of PAHs in human breast milk especially dibenz[ah]anthracene (DB[ah]A) caused growth retardation,
neurobehavioral changes in infants, and increased chances of allergies and respiratory diseases.[80] The cytotoxic effect of DB[ah]A
combined with PM s led to oxidative stress-mediated cell membrane damage and inflammatory response in A549 cells.[81] Tseng
et al. (2021) reported B[a]P exposure and associated respiratory health problems.[82] It was concluded that both aryl hydrocarbon
receptor (AhR) antagonist as well as transforming growth factor 3 (TGF-p) signalling pathways caused a decline in collagen type |
-COL1, actin a2 -ACTAZ2, and E-cadherin gene expression).[83, 84] On the contrary, non-expression of the podoplanin (PDPN)
and its marker genes following B[a]P exposure was detected. Arsenic and B[a]P co-exposure in human bronchial epithelial BEAS-
2B cells resulted in bronchial cancerous stem cell-like behaviour by activating the hedgehog pathway and up-regulation of integrin-
a.[85] B[a]P-induced human lung carcinoma and induction of p21-dependent epithelial-mesenchymal transition-like phenotype was
observed in human carcinoma alveolar basal epithelial cells, type IT (A549 cells) by HyZd’alova et al. (2021).[86] Exposure to B[a]P
resulted in the upregulation of human genes associated with AhR metabolism and nuclear translocation, heat shock protein (HSPg),
and CYP1ALl. B[a]P exposure caused an increase in the expression of AhR gene as well as caused the activation of pathways
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associated with Epithelial-mesenchymal transition (EMT) (Nuclear factor erythroid 2—related factor2 -NRF2, Kirsten ras oncogene
-KRAS, and hypoxia-inducible factor 1a), mesenchymal phenotype markers, N-cadherin, fibronectin, and vimentin. In contrast,
B[a]P exposure caused down-regulation of E-cadherin gene expression.[87, 88] B[a]P-induced injury in human alveolar epithelial
cell line A549 was observed with a decline in fibrotic mass, and G-protein-coupled receptor class C group 5 member A (Gprc5a).[89]
Effect of 2-Benz[jlaceanthrylene was observed in human hepatocellular carcinoma cells by DNA damage signal activation which
was indicated by sensitive markers pChk1 and yH2A histone family member X (yH2AX).[90] The relationship between high-
molecular-weight PAH, fluorene and DNA methylation causing cancer was evidenced by Xu et al. (2024).[91] The fluorene
exposure was associated with lower DNA methylation of F2RL3 and AHRR, epigenetic biomarkers for lung cancer.

Guo et al. (2020) and Da Silva Junior et al. (2021) even observed the genotoxicity of 2-Benz[jlaceanthrylene to in turn cause DNA
damage using DNA adduct formation (Figure 1).[17, 92, 93] The association between PAHs and hepatic physiology was observed
by Xu et al. (2021) in 3194 subjects.[93] Female subjects showed an increase in serum alanine transaminase (ALT) levels following
2-FLU exposure (OR =2.33, Cl (95%) 1.15, 4.72). Urinary 2-FLU exposure (38.6%) was responsible for increased ALT
concentration (OR =219 Cl 95% 1.12, 4.27, p=0.004). 2-Fluorene exposure was associated with leukocytosis (3.56%),
hypertriglyceridemia (6.99%), and hypercholesterolemia (1.70%) than normal.[94]

Impaired pulmonary redox, inflammation, immunosuppression, and pulmonary malignancy were observed in mice with increased
expression of nuclear factor-kB (NFkB), cyclooxygenase-2 (COX-2), inducible nitric oxide synthase (iNOS); tumor necrosis factor
o (TNF-a), proliferating cell nuclear antigen (PCNA), and matrix remodelling enzymes in mice.[95] B[a]P exposure induced the
AhR activation which induced allergic airway inflammation.[94]

DISCUSSION

Exposure to PAHSs, whether outdoors or indoors, has been associated with increased health problems including endocrine cancers,
developmental toxicity, cardiovascular and pulmonary toxicity, lower plasma insulin-like growth factor-1, reduced immune
function, and more.[96, 97] This broad spectrum of adverse effects underscores the significant toxicological concerns associated
with PAHSs, sparking heightened interest in understanding, and addressing their impact.[34, 82, 98-103] PAHSs exposure is also
linked with respiratory problems including allergy, asthma, COPD, emphysema, and lung cancer.[58, 104, 105] PAHs exposure
occurs mostly through food uptake and/or inspiration.[106] For non-smokers, the main exposure source is combusted food (charcoal-
broiled food) while for smokers, smoking is a significant source of exposure. PAHs absorption in the human body occur via
respiratory, gastrointestinal, or dermal routes each of which involves different routes and metabolic pathways. These processes
encompass the formation of DNA adducts, DNA lesions, alterations in cell cycle regulation, activation of the AhR receptor leading
to toxicity, genotoxicity mediated by reactive oxygen species (ROS) and oxidative stress, modulation of protein expression, and
disruption of lipid metabolism.[107-109] PAHs oxidation-conjugation in phase | and Il induces phase | (cytochrome P450
monooxygenases — CYP1A1/2 and 1B1) as well as phase Il metabolic enzymes (aldo-keto reductases, epoxide hydrolases,
glutathione S-transferases, nicotinamide adenine dinucleotide phosphate (NADP) quinone oxidoreductases, and uridine 5'-
diphospho-glucuronosyltransferase) via AhR-dependent and AhR-independent pathways (Figure 1). AKR, CYP peroxidase, and
CYP1A1/1B1/EH pathway mediated PAHs metabolism form reactive metabolites i.e., carcinogenic diol-epoxides, radical cations,
and o-quinones to produce DNA adduct causing mutations, altered gene expression, and oncogenesis. The mutation in the xenobiotic
metabolic and p53 genes is related to increased susceptibility to lung cancer.[110, 111] Exposure via the intratracheal route
significantly affects hepatic fatty acid metabolism as well as alters glycerolipids, glycerophospholipids, triacylglycerol,
phosphatidylinositol,  phosphatidylcholine  levels  with  decreased  concentrations  of  lysophosphatidylcholine,
phosphatidylethanolamine, lysophosphatidylethanolamine, free fatty acids, and eicosanoids.[5, 112]

CONCLUSION

PAHSs have been classified based on human toxicity, most of which are associated with inhalation, ingestion, and dermal contact.
Scientific evidence of recently published literature points out the emerging contribution of exposure to polycyclic aromatic
hydrocarbons and their respiratory effects. The presence of PAHSs adsorbed to particulate matter, specifically PM;s, can contribute
to increased health risks than PAHSs alone. This can be attributed to the size-specific penetration efficacy of PM2s due to enhanced
inhalation and deposition extended residence time, and synergistic health effects, by serving as PAHSs transportation carrier which
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enables it to reach alveolar cells more efficiently than PM (size >5 ). This review finds that PAHs exposure causes health ailments
involving AhR-mediated interlinked signalling pathways which result in increased oxidative stress, immune system damage,
asthma/COPD, and cancer. Reduction in ambient air pollution can significantly improve human health globally. The present review
concluded a comprehensive and robust approach for the respiratory toxicity evaluation of PAHs and their biologically active
metabolites. The findings of this review may serve as a baseline approach for designing future research studies and establishing
policy implications related to the toxicity of PAHs. More studies are needed to relate, clarify, support, and strengthen the role of
PAHSs particularly with multiple-pollutant exposure or in multidisciplinary studies including PAHs respiratory toxicity. By
undertaking these research activities, studies can contribute to a better understanding of the role of PAHSs in respiratory toxicity and
inform evidence-based strategies for mitigating the associated health risks.

FUTURE RESEARCH, PRACTICE, AND POLICY IMPLICATION

Future research needs more focus on understanding the mechanisms including specific pathways underlying PAHs-induced
respiratory toxicity including inflammation, oxidative stress, and DNA damage, identifying biomarkers of early biological effects,
susceptibility, development of longitudinal studies to assess the long-term respiratory health outcomes, and evaluating intervention
strategies. Practice should involve occupational health measures for comprehensive risk assessment and management, training, and
education programs to increase awareness of PAHs hazards, development and enforcement of environmental regulations, and
clinical care improvements. Policy recommendations include strengthening regulatory frameworks, promoting intersectoral
collaboration, and raising public awareness.

AUTHOR CONTRIBUTIONS
R.G. & M.M. conceptualized the study and performed literature survey, methodology, investigation, writing of review, and
visualization. S.Y., P.K.A &S.P. performed supervision, visualization, validation, and editing.

GRANT SUPPORT DETAILS
The present research did not receive any financial support.

CONFLICT OF INTEREST

The authors declare that there is not any conflict of interests regarding the publication of this manuscript. In addition, the ethical
issues, including plagiarism, informed consent, misconduct, data fabrication and/ or falsification, double publication and/or
submission, and redundancy has been completely observed by the authors.

LIFE SCIENCE REPORTING
No life science threat was practiced in this research.

ACKNOWLEDGEMENT

The authors are thankful to the Director, ICMR-National Institute for Implementation Research on Non-Communicable Diseases,
Jodhpur and Director, ICMR-National Institute of Occupational Health, Ahmedabad for providing the necessary facility to conduct
the study.

REFERENCES

1. Goudarzi, G., Alavi, N., Babaei, A.A., Geravandi, S., Idani, E., Salmanzadeh, S. and Mohammadi, M.J., 2022. Investigation
of ambient polycyclic aromatic hydrocarbons in a populated middle eastern city. Polycyclic aromatic compounds, 42(5),
pp.1978-1993. doi.org/10.1080/10406638.2020.1823857

2. Ambade, B., Kumar, A., Kumar, A. and Sahu, L.K., 2022. Temporal variability of atmospheric particulate-bound
polycyclic aromatic hydrocarbons (PAHSs) over central east India: sources and carcinogenic risk assessment. Air Quality,
Atmosphere & Health, pp.1-16. doi:10.1007/s11869-021-01089-5.

3. Armada, D., Martinez-Fernandez, A., Celeiro, M., Dagnac, T. and Llompart, M., 2023. Assessment of the bioaccessibility
of PAHSs and other hazardous compounds present in recycled tire rubber employed in synthetic football fields. Science of
The Total Environment, 857, p.159485. doi:10.1016/j.scitotenv.2022.159485.

1773 “Corresponding Author: Moinuddhin Mansuri Volume 08 Issue 04 April 2025
Available at: www.ijcsrr.org
Page No. 1768-1794


https://doi.org/10.47191/ijcsrr/V8-i4-23
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review
ISSN: 2581-8341

Volume 08 Issue 04 April 2025

DOI: 10.47191/ijcsrr/V8-i4-23, Impact Factor: 8.048

IJCSRR @ 2025 WWW.ijcSrr.org
4, Goudarzi, G., Alavi, N., Geravandi, S., Idani, E., Behrooz, H.R.A., Babaei, A.A., Alamdari, F.A., Dobaradaran, S., Farhadi,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

M. and Mohammadi, M.J., 2018s. Health risk assessment on human exposed to heavy metals in the ambient air PM 10 in
Ahvaz, southwest Iran. International journal of biometeorology, 62, pp.1075-1083.

Li, R., Hua, P., Zhang, J. and Krebs, P., 2020b. Effect of anthropogenic activities on the occurrence of polycyclic aromatic
hydrocarbons in aquatic suspended particulate matter: Evidence from Rhine and Elbe Rivers. Water Research, 179,
p.115901. doi:10.1016/j.watres.2020.115901.

Ravanbakhsh, M., Yousefi, H., Lak, E., Ansari, M.J., Suksatan, W., Qasim, Q.A., Asbhan, P., Kianizadeh, M. and
Mohammadi, M.J., 2023. Effect of Polycyclic Aromatic Hydrocarbons (PAHs) on Respiratory Diseases and the Risk
Factors Related to Cancer. Polycyclic Aromatic Compounds, 43(9), pp.8371-8387. d0i:10.1080/10406638.2022.21495609.
Zhou, W., Zhao, Y., Li, R., Fu, H., Li, Q., Zhang, L. and Chen, J. 2022. Metals, PAHs and oxidative potential of size-
segregated particulate matter and inhalational carcinogenic risk of cooking at a typical university canteen in Shanghai,
China. Atmospheric Environment, 287, p.119250. doi:10.1016/j.atmosenv.2022.119250.

Degrendele, C., Fiedler, H., Ko¢an, A., Kukucka, P., Pfibylova, P., Prokes, R., Kldnova, J. and Lammel, G., 2020.
Multiyear levels of PCDD/Fs, dI-PCBs and PAHs in background air in central Europe and implications for
deposition. Chemosphere, 240, p.124852. doi:10.1016/j.chemosphere.2019.124852.

IARC. 2010a. IARC Monographs on the Identification of Carcinogenic Hazards to Humans. Agents Classified by the IARC
Monographs, volume: 1-133. Available at: https://monographs.iarc.who.int/agents-classified-by-the-iarc.

Kosnat, Z., Wernerova, J., Friihbauer, P. and Tlustos, P., 2023. Bioremediation: Removal of Polycyclic Aromatic
Hydrocarbons from Soil. In: Agricultural Biocatalysis (pp. 367-410). Jenny Stanford Publishing.

Meng, Q., Ren, H., Lv, F., Li, S., Huang, H., Liu, Z., Cao, F., Zhu, T., Yin, J., Chen, B. and Yu, J., 2024. Major facilitator
superfamily transporter PhaT modulates the efflux and degradation of polycyclic aromatic hydrocarbons in
Novosphingobium pentaromativorans US6-1. Process Biochemistry, 142, pp.194-203.

Wang, N., Zhi, Y., Wei, Y., Zhang, W., Liu, Z., Huang, J., Sun, T., Xu, S., Lin, S., He, Y. and Zheng, A., 2020. Molecular
elucidating of an unusual growth mechanism for polycyclic aromatic hydrocarbons in confined space. Nature
Communications, 11(1), p.1079. doi.org/10.1038/s41467-020-14493-9.

Ambade, B., Kurwadkar, S., Sankar, T.K. and Kumar, A., 2021. Emission reduction of black carbon and polycyclic
aromatic hydrocarbons during COVID-19 pandemic lockdown. Air Quality, Atmosphere & Health, 14(7), pp.1081-1095.
d0i:10.1007/s11869-021-01004-y.

Balmer, J.E., Hung, H., Yu, Y., Letcher, R.J. and Muir, D.C., 2019. Sources and environmental fate of pyrogenic polycyclic
aromatic hydrocarbons (PAHS) in the Arctic. Emerging Contaminants, 5, pp.128-142. doi:10.1016/j.emcon.2019.04.002.
Rocha, M.J., Ribeiro, A.B., Campos, D. and Rocha, E., 2021. Temporal-spatial survey of PAHs and PCBs in the Atlantic
Iberian northwest coastline, and evaluation of their sources and risks for both humans and aquatic
organisms. Chemosphere, 279, p.130506. doi:10.1016/j.chemosphere.2021.130506.

Bayat, M., Asbhan, P., Nasab, F.K., Taherian, M., Sepahvad, A., Farhadi, A., Falahi, B., Mohammadi, M.J. and Farhadi,
M., 2023. A Review of the Effect of Outdoor Polycyclic Aromatic Hydrocarbons on Bladder Cancer. Health Scope,16(4),
£136234. doi: 10.5812/healthscope-136234.

Guo, L., Hu, J., Xing, Y., Wang, H., Miao, S., Meng, Q., Wang, X., Bai, S., Jia, J., Wang, P. and Zhang, R. 2021. Sources,
environmental levels, and health risks of PM2s-bound polycyclic aromatic hydrocarbons in energy-producing cities in
northern China. Environmental Pollution, 272, p.116024.

Mahasakpan, N., Chaisongkaew, P., Inerb, M., Nim, N., Phairuang, W., Tekasakul, S., Furuuchi, M., Hata, M., Kaosol, T.,
Tekasakul, P. and Dejchanchaiwong, R., 2023. Fine and ultrafine particle-and gas-polycyclic aromatic hydrocarbons
affecting southern Thailand air quality during transboundary haze and potential health effects. Journal of Environmental
Sciences, 124, pp.253-267.

Abbasi-Kangevari, M., Malekpour, M.R., Masinaei, M., Moghaddam, S.S., Ghamari, S.H., Abbasi-Kangevari, Z., Rezaei,
N., Rezaei, N., Mokdad, A.H., Naghavi, M. and Larijani, B., 2023. Effect of air pollution on disease burden, mortality, and
life expectancy in North Africa and the Middle East: a systematic analysis for the global burden of disease study 2019. The
Lancet Planetary Health, 7(5), pp.e358-e369.

1774

Corresponding Author: Moinuddhin Mansuri Volume 08 Issue 04 April 2025
Available at: www.ijcsrr.org
Page No. 1768-1794


https://doi.org/10.47191/ijcsrr/V8-i4-23
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review

ISSN:

2581-8341

Volume 08 Issue 04 April 2025
DOI: 10.47191/ijcsrr/V8-i4-23, Impact Factor: 8.048

IJCSRR @ 2025 WWW.ijcSrr.org
20. Lag, M., @vrevik, J., Refsnes, M. and Holme, J.A., 2020. Potential role of polycyclic aromatic hydrocarbons in air

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

pollution-induced non-malignant respiratory diseases. Respiratory research, 21(1), pp.1-22. doi:10.1186/s12931-020-
01563-1

Cao, L.M., Mu, G. and Chen, W.H., 2020. Polycyclic aromatic hydrocarbon: environmental sources, associations with
altered lung function and potential mechanisms. Chinese  Medical Journal, 133(13), pp.1603-1605.
doi:10.1097/CM9.0000000000000880.

Famiyeh, L., Xu, H., Chen, K., Tang, Y.T., Ji, D., Xiao, H., Tong, L., Jia, C., Guo, Q. and He, J., 2024. Breathing in danger:
Unveiling the link between human exposure to outdoor PM2s-bound polycyclic aromatic hydrocarbons and lung cancer
risk in an urban residential area of China. Science of The Total Environment, 907, p.167762. 10:907:167762.

Ma, J., Xie, Y., Wang, B., Yang, S., Zhou, M., Wang, D. and Chen, W., 2023a. Associations of personal PM2sand PMgs-
Bound polycyclic aromatic hydrocarbons exposure with blood lipid profiles: A panel study from middle-aged Chinese
adults. Atmospheric Environment, 293, p.119433. doi:10.1016/j.atmosenv.2022.119433.

Ma, J., Zhu, Z., Du, S., Zhang, D., Li, X., Zheng, Q., Shen, J., Xiao, L., Wu, X., Chen, Y. and Ji, J., 2023b. Polycyclic
aromatic hydrocarbons in commercial tea from China and implications for human exposure. Journal of Food Composition
and Analysis, 116, p.105075. doi:10.1016/j.jfca.2022.105075.

Wang, J., Jiang, H., Chen, Y., Han, Y., Cai, J., Peng, Y. and Feng, Y., 2023. Emission characteristics and influencing
mechanisms of PAHs and EC from the combustion of three components (cellulose, hemicellulose, lignin) of
biomasses. Science of The Total Environment, 859, p.160359. doi:10.1016/j.scitotenv.2022.160359.

Zhang, Q., Liu, P., Li, S., Zhang, X. and Chen, M., 2020. Progress in the analytical research methods of polycyclic aromatic
hydrocarbons (PAHSs). Journal of Liquid Chromatography & Related Technologies, 43(13-14), pp.425-444.

Zhang, X. and Li, Z., 2023. Developing a profile of urinary PAH metabolites among Chinese populations in the
2010. Science of The Total Environment, 857, p.159449. doi:10.1016/j.scitotenv.2022.159449.

Vogeley, C., Sondermann, N.C., Woeste, S., Momin, A.A., Gilardino, V., Hartung, F., Heinen, M., MaaR, S.K., Mescher,
M., Pollet, M. and Rolfes, K.M., 2022. Unraveling the differential impact of PAHs and dioxin-like compounds on AKR1C3
reveals the EGFR extracellular domain as a critical determinant of the AHR response. Environment international, 158,
p.106989.

Wu, J., Liu, X., Ge, F., Li, F. and Liu, N., 2023. Tolerance mechanism of rice (Oryza sativa L.) seedings towards polycyclic
aromatic hydrocarbons toxicity: The activation of SPX-mediated signal transduction to maintain P
homeostasis. Environmental Pollution, p.123009.

Nezhad, M.E., Goudarzi, G., Babaei, A.A. and Mohammadi, M.J., 2023. Characterization, ratio analysis, and carcinogenic
risk assessment of polycyclic aromatic hydrocarbon compounds bounded PMjo in a southwest of Iran. Clinical
Epidemiology and Global Health, 24, p.101419.

Goudarzi, G., Idani, E., Alavi, N., Salmanzadeh, S., Babaei, A.A., Geravandi, S., Mohammadi, M.J., Mahboubi, M. and
Moradi, M., 2017. Association of polycyclic aromatic hydrocarbons of the outdoor air in Ahvaz, southwest Iran during
warm-cold season. Toxin reviews, 36(4), pp.282-289.

Goudarzi, G., Geravandi, S., Alavi, N., Idani, E., Salmanzadeh, S., Yari, A.R., Jamshidi, F., Mohammadi, M.J.,
Ranjbarzadeh, A., Alamdari, F.A. and Darabi, F., 2018b. Association between cancer risk and polycyclic aromatic
hydrocarbons’ exposure in the ambient air of Ahvaz, southwest of Iran. International Journal of Biometeorology, 62,
pp.1461-1470.

Li, F., Xiang, B., Jin, Y., Li, C., Ren, S., Wu, Y., Li, J. and Luo, Q., 2020a. Hepatotoxic effects of inhalation exposure to
polycyclic aromatic hydrocarbons on lipid metabolism of C57BL/6 mice. Environment International, 134, p.105000.
d0i:10.1016/j.envint.2019.105000.

Cunha, V., Vogs, C., Le Bihanic, F. and Dreij, K., 2020. Mixture effects of oxygenated PAHs and benzo [a] pyrene on
cardiovascular development and function in zebrafish embryos. Environment International, 143, p.105913.
doi:10.1016/j.envint.2020.105913.

IARC. 2010b.Working Group on the Evaluation of Carcinogenic Risks to Humans. Some non-heterocyclic polycyclic
aromatic hydrocarbons and some related exposures. IARC Monogr Eval Carcinog Risks Hum. 2010;92:1-853.

1775

Corresponding Author: Moinuddhin Mansuri Volume 08 Issue 04 April 2025
Available at: www.ijcsrr.org
Page No. 1768-1794


https://doi.org/10.47191/ijcsrr/V8-i4-23
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review
ISSN: 2581-8341
Volume 08 Issue 04 April 2025

DOI:

10.47191/ijesrr/V8-i4-23, Impact Factor: 8.048

1IJCSRR @ 2025 WWW.ijcsrr.org

36

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

. Ding, Z., Yi, Y., Wang, W. and Zhang, Q., 2021. Atmospheric degradation of chrysene initiated by OH radical: A quantum
chemical investigation. Chemosphere, 263, p.128267. doi:10.1016/j.chemosphere.2020.128267.

Barraza-Villarreal, A., Escamilla-Nufiez, M.C., Schilmann, A., Hernandez-Cadena, L., Li, Z., Romanoff, L., Sjodin, A.,
Del Rio-Navarro, B.E., Diaz-Sanchez, D., Diaz-Barriga, F. and Sly, P., 2014. Lung function, airway inflammation, and
polycyclic aromatic hydrocarbons exposure in Mexican schoolchildren: a pilot study. Journal of occupational and
environmental medicine, 56(4), pp.415-419.

Ding, N., Zhou, N., Zhou, M. and Ren, G.M., 2015. Respiratory cancers and pollution. European Review for Medical &
Pharmacological Sciences, 19(1).

Gehle, K. 2009. Toxicity of polycyclic aromatic hydrocarbons (PAHSs). Agency for Toxic Substances and Disease Registry
(ATSDR). In: Case Studies in Environmental Medicine. Available at: https://stacks.cdc.gov/view/cdc/11650.

Delouche, T., Hissler, M. and Bouit, P.A., 2022. Polycyclic aromatic hydrocarbons containing heavy group 14 elements:
From synthetic challenges to optoelectronic devices. Coordination Chemistry Reviews, 464, p.214553.
doi:10.1016/j.ccr.2022.214553.

Bertoz, V., Purcaro, G., Conchione, C. and Moret, S., 2021. A review on the occurrence and analytical determination of
PAHs in olive oils. Foods, 10(2), p.324. doi:10.3390/foods10020324.

Ouzzani, M., Hammady, H., Fedorowicz, Z. and Elmagarmid, A., 2016. Rayyan—a web and mobile app for systematic
reviews. Systematic reviews, 5, pp.1-10. d0i:10.1186/513643-016-0384-4.

Mohammad Asgari, H., Mojiri-Forushani, H. and Mahboubi, M., 2023. Temporal and spatial pattern of dust storms, their
polycyclic aromatic hydrocarbons, and human health risk assessment in the dustiest region of the world. Environmental
Monitoring and Assessment, 195(1), p.76. doi:10.1007/s10661-022-10703-7.

Bhargava, A., Bunkar, N., Aglawe, A., Pandey, K.C., Tiwari, R., Chaudhury, K., Goryacheva, I.Y. and Mishra, P.K., 2018.
Epigenetic biomarkers for risk assessment of particulate matter associated lung cancer. Current Drug Targets, 19(10),
pp.1127-1147.

Barros, B., Oliveira, M. and Morais, S., 2023. Biomonitoring of firefighting forces: A review on biomarkers of exposure
to health-relevant pollutants released from fires. Journal of Toxicology and Environmental Health, Part B, 26(3), pp.127-
171. doi:10.1080/10937404.2023.2172119.

Yue, M., Zhou, X., Fan, J., Gao, S., Zhao, X.E., Zhu, S., Liu, Q. and Jiang, G., 2024. Recent advances of mass spectrometry-
based analytical methods for endocrine disrupting chemicals in human matrices. TrAC Trends in Analytical Chemistry,
p.117523.

Ding, Z., Cai, M., Gan, W., Yuan, P., Wei, L. and Cheng, X., 2023. Studies on a novel method for the determination of
nitrosamines in food by HPLC-UV-FLD coupling with terbium-doped carbon dots. Food Chemistry, 405, p.134894.
doi:10.1016/j.foodchem.2022.134894.

Ballester-Caudet, A., Garcia-Garcia, S., del Nogal Sanchez, M., Rodriguez-Gonzalo, E. and Pavon, J.L.P., 2024.
Development of a non-separative screening strategy based on mass spectrometry for the semi-quantification of urinary
polycyclic aromatic hydrocarbon metabolites. Talanta, p.126590.

Thangphatthanarungruang, J., Chotsuwan, C. and Siangproh, W., 2023. A novel and easy-to-construct polymeric L-
glutamic acid-modified sensor for urinary 1-hydroxypyrene detection: Human biomonitoring of polycyclic aromatic
hydrocarbons exposure. Talanta, 253, p.123929. doi:10.1016/j.talanta.2022.123929.

Zhu, J., Zhao, X., Yang, M., Zheng, B., Sun, C., Zou, X., Liu, Z. and Harada, K.H., 2022. Levels of urinary metabolites of
benzene compounds, trichloroethylene, and polycyclic aromatic hydrocarbons and their correlations with socioeconomic,
demographic, dietary factors among pregnant women in six cities of China. Environmental Science and Pollution
Research, 29(4), pp.6278-6293. d0i:10.1007/s11356-021-16030-7.

Shamsedini, N., Dehghani, M., Samaei, M., Azhdarpoor, A., Hoseini, M., Fararouei, M., Bahrany, S. and Roosta, S., 2022.
Health risk assessment of polycyclic aromatic hydrocarbons in individuals living near restaurants: a cross-sectional study
in Shiraz, Iran. Scientific Reports, 12(1), p.8254. doi:10.1038/s41598-022-15434-w.

Aung, M.T., Yu, Y., Ferguson, K.K., Cantonwine, D.E., Zeng, L., McElrath, T.F., Pennathur, S., Mukherjee, B. and
Meeker, J.D., 2021. Cross-sectional estimation of endogenous biomarker associations with prenatal phenols, phthalates,

1776

“Corresponding Author: Moinuddhin Mansuri Volume 08 Issue 04 April 2025
Available at: www.ijcsrr.org
Page No. 1768-1794


https://doi.org/10.47191/ijcsrr/V8-i4-23
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review
ISSN: 2581-8341
Volume 08 Issue 04 April 2025

DOI: 10.47191/ijcsrr/V8-i4-23, Impact Factor: 8.048
1IJCSRR @ 2025 WWW.ijcsrr.org

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

metals, and polycyclic aromatic hydrocarbons in single-pollutant and mixtures analysis approaches. Environmental Health
Perspectives, 129(3), p.037007. doi:10.1289/EHP7396.

Fernandez, S.F., Pardo, O., Pastor, A., Yusa, V., Vento, M., Cernada, M., Gormaz, M., Kuligowski, J., Sanchez, A., Torres,
E. and Correcher, P., 2021. Biomonitoring of polycyclic aromatic hydrocarbons in the urine of lactating mothers: Urinary
levels, association with lifestyle factors, and risk assessment. Environmental Pollution, 268, p.115646.
doi:10.1016/j.envpol.2020.115646.

Salami, F., Hajizadeh, Y., Yadegarfar, G., Ebrahimpour, K., Pourzamani, H. and Poursafa, P., 2021. Urinary levels of PAH
metabolites in pregnant women and their correlation with sociodemographic factors and PM2s exposure in an urban and a
suburban area. Air Quality, Atmosphere & Health, 14, pp.653-665. doi:10.1007/s11869-020-00969-6.

Diaz de Ledn-Martinez, L., Flores-Ramirez, R., Rodriguez-Aguilar, M., Berumen-Rodriguez, A., Pérez-Vazquez, F.J.,
Diaz-Barriga, F. 2021. Analysis of urinary metabolites of polycyclic aromatic hydrocarbons in precarious workers of highly
exposed occupational scenarios in Mexico. Environmental Science and Pollution Research, 28, 23087-23098.
https://doi.org/10.1007/s11356-021-12413-y

Shahsavani, S., Fararouei, M., Soveid, M., Dehghani, M. and Hoseini, M., 2022. Exposure to polycyclic aromatic
hydrocarbon-induced oxidative stress in Shiraz, Iran: urinary levels, health risk assessment and mediation effect of MDA
on the risk of metabolic syndromes. International Archives of Occupational and Environmental Health, pp.1-16.
d0i:10.1007/s00420-021-01822-8.

Hu, J., Bao, Y., Huang, H., Zhang, Z., Chen, F., Li, L. and Wu, Q., 2022. The preliminary investigation of potential response
biomarkers to PAHs exposure on childhood asthma. Journal of Exposure Science & Environmental Epidemiology, 32(1),
pp.82-93. doi:10.1038/s41370-021-00334-4.

Liu, L., Wei, J.,, Wang, Y., Feng, Q., Guo, S, Liu, G., Dong, J., Jiang, L., Li, Q., Nie, J. and Yang, J., 2023. Effect of Club
cell secretory proteins on the association of tobacco smoke and PAH co-exposure with lung function decline: A longitudinal
observation of Chinese coke oven workers. International Journal of Hygiene and Environmental Health, 247, p.114058.
Chen, Y., Liu, J., Cao, H., Zhang, A., Zhou, A. and Zhou, X., 2021. Determining priority sources of PMzs-bound polycyclic
aromatic hydrocarbons by their contribution to disability adjusted life years. Atmospheric Environment, 248, p.118202.
doi:10.1016/j.atmosenv.2021.118202.

Faraji Ghasemi, F., Dobaradaran, S., Saeedi, R., Nabipour, I., Nazmara, S., Ranjbar Vakil Abadi, D., Arfaeinia, H.,
Ramavandi, B., Spitz, J., Mohammadi, M.J. and Keshtkar, M., 2020. Levels and ecological and health risk assessment of
PM 2.5-bound heavy metals in the northern part of the Persian Gulf. Environmental Science and Pollution Research, 27,
pp.5305-5313.

Ma, H., Wang, H., Zhang, H., Guo, H., Zhang, W., Hu, F., Yao, Y., Wang, D., Li, C. and Wang, J., 2020. Effects of
phenanthrene on oxidative stress and inflammation in lung and liver of female rats. Environmental toxicology, 35(1), pp.37-
46. doi:10.1002/tox.22840.

Mohammadi, M.J., Goudarzi, G., Dehaghi, B.F., Zarea, K., Hormati, M., Taherian, M. and Kiani, F., 2022. Polycyclic
aromatic hydrocarbons and their effects on the occurrence of chronic obstructive pulmonary disease (COPD): a
review. Jundishapur Journal of Chronic Disease Care, 11(3).

Wang, L., Wen, W., Yan, J., Zhang, R., Li, C., Jiang, H., Chen, S., Pardo, M., Zhu, K., Jia, B. and Zhang, W., 2023.
Influence of Polycyclic Aromatic Compounds and Oxidation States of Soot Organics on the Metabolome of Human-Lung
Cells (A549): Implications for Vehicle Fuel Selection. Environmental Science & Technology. 13;57(51):21593-604.
doi.org/10.1021/acs.est.3c05228

Abdel-Latif, A.A., HMA, F., MM Ouf, J., HH Roby, M. and Abdel-Atty, N.S., 2023. Polycyclic Aromatic Hydrocarbons
in Grilled Meats from Restaurants. Journal of Applied Veterinary Sciences, 8(1), pp.5-10.

Badyda, A.J., Rogula-Koztowska, W., Majewski, G., Bralewska, K., Widziewicz-Rzonca, K., Piekarska, B., Rogulski, M.
and Bihatowicz, J.S., 2022. Inhalation risk to PAHs and BTEX during barbecuing: The role of fuel/food type and route of
exposure. Journal of Hazardous Materials, 440, p.129635. doi:10.1016/j.jhazmat.2022.129635.

Lachowicz, J.1., Milia, S., Jaremko, M., Oddone, E., Cannizzaro, E., Cirrincione, L., Malta, G., Campagna, M. and Lecca,
L.l., 2022. Cooking Particulate Matter: A Systematic Review on Nanoparticle Exposure in the Indoor Cooking

Environment. Atmosphere, 14(1), p.12. doi:10.3390/atmos14010012.

1777

Corresponding Author: Moinuddhin Mansuri Volume 08 Issue 04 April 2025
Available at: www.ijcsrr.org
Page No. 1768-1794


https://doi.org/10.47191/ijcsrr/V8-i4-23
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review
ISSN: 2581-8341

Volume 08 Issue 04 April 2025

DOI: 10.47191/ijcsrr/V8-i4-23, Impact Factor: 8.048

IJCSRR @ 2025 WWW.ijcSrr.org
67. Oliveira, M., Capelas, S., Delerue-Matos, C. and Morais, S., 2021. Grill workers exposure to polycyclic aromatic

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

hydrocarbons: Levels and excretion profiles of the urinary biomarkers. International journal of environmental research
and public health, 18(1), p.230. doi:10.3390/ijerph18010230.

Hong, W.J., Jia, H., Yang, M. and Li, Y.F., 2020. Distribution, seasonal trends, and lung cancer risk of atmospheric
polycyclic aromatic hydrocarbons in North China: A three-year case study in Dalian city. Ecotoxicology and
Environmental Safety, 196, p.110526. doi:10.1016/j.ecoenv.2020.110526.

Deng, J., Xie, J., Lu, Q., Xiao, X., Wu, Y., Liu, N., Luo, L., Luan, T. and Yang, Y., 2023. Nanospray Laser-Induced Plasma
lonization Mass Spectrometry for Rapid and Sensitive Analysis of Polycyclic Aromatic Hydrocarbons and Halogenated
Derivatives. Analytical Chemistry. 95, 46, 16791-16795.

Jin, R., Liu, G., Zhou, X., Zhang, Z., Lin, B., Liu, Y., Qi, Z. and Zheng, M., 2023. Analysis of polycyclic aromatic
hydrocarbon derivatives in environment. Trends in Analytical Chemistry, p.116942.

Sei, K., Wang, Q., Tokumura, M., Hossain, A., Raknuzzaman, M., Miyake, Y. and Amagai, T., 2021. Occurrence, potential
source, and cancer risk of PM2s-bound polycyclic aromatic hydrocarbons and their halogenated derivatives in Shizuoka,
Japan, and Dhaka, Bangladesh. Environmental Research, 196, p.110909. doi:10.1016/j.envres.2021.110909.

Niu, X., Jones, T., BéruBé, K., Chuang, H.C., Sun, J. and Ho, K.F., 2021. The oxidative capacity of indoor source
combustion derived particulate matter and resulting respiratory toxicity. Science of the Total Environment, 767, p.144391.
doi:10.1016/j.scitotenv.2020.144391.

Lian, L., Huang, T., Ling, Z., Li, S., Li, J., Jiang, W., Gao, H., Tao, S., Liu, J., Xie, Z. and Mao, X., 2021. Interprovincial
trade driven relocation of polycyclic aromatic hydrocarbons and lung cancer risk in China. Journal of Cleaner
Production, 280, p.124368. doi:10.1016/j.jclepro.2020.124368.

Siudek, P., 2023. Polycyclic aromatic hydrocarbons in coarse particles (PMig) over the coastal urban region in Poland:
Distribution,  source  analysis and human health risk  implications. Chemosphere, 311, p.137130.
doi:10.1016/j.chemosphere.2022.137130.

Bai, L., Chen, W., He, Z., Sun, S. and Qin, J., 2020. Pollution characteristics, sources and health risk assessment of
polycyclic aromatic hydrocarbons in PM.s in an office building in northern areas, China. Sustainable Cities and
Society, 53, p.101891.

Luo, K., Zeng, Y., Li, M., Man, Y., Zeng, L., Zhang, Q., Luo, J. and Kang, Y., 2021. Inhalation bioacessibility and
absorption of polycyclic aromatic hydrocarbons (PAHS) in indoor PM2. 5 and its implication in risk assessment. Science
of The Total Environment, 774, p.145770.

Mu, G., Fan, L., Zhou, Y., Liu, Y., Ma, J., Yang, S., Wang, B., Xiao, L., Ye, Z., Shi, T. and Yuan, J., 2019. Personal
exposure to PMzs-bound polycyclic aromatic hydrocarbons and lung function alteration: Results of a panel study in
China. Science of the total environment, 684, pp.458-465.

Motesaddi Zarandi, S., Shahsavani, A., Khodagholi, F. and Fakhri, Y., 2019. Concentration, sources and human health risk
of heavy metals and polycyclic aromatic hydrocarbons bound PM2 sambient air, Tehran, Iran. Environmental Geochemistry
and Health, 41, pp.1473-1487.

Badran, G., Chwaikani, M., Verdin, A., Abbas, I., Simonin, O., Cazier, F., Roumie, M., Courcot, D., Lo Guidice, J.M.,
Ledoux, F. and Garcon, G., 2024. Chemical Composition of PM2. 5-0.3 and PMO. 3 Collected in Southern Lebanon and
Assessment of Their Toxicity in BEAS-2B Cells. Atmosphere, 15(7), p.811.

Oliveira, M., Duarte, S., Delerue-Matos, C., Pena, A. and Morais, S., 2020. Exposure of nursing mothers to polycyclic
aromatic hydrocarbons: Levels of un-metabolized and metabolized compounds in breast milk, major sources of exposure
and infants’ health risks. Environmental Pollution, 266, p.115243. doi:10.1016/j.envpol.2020.115243.

Moufarrej, L., Verdin, A., Cazier, F., Ledoux, F. and Courcot, D., 2023. Oxidative stress response in pulmonary cells
exposed to different fractions of PM;5-0.3 from urban, traffic and industrial sites. Environmental Research, 216, p.114572.
d0i:10.1016/j.envres.2022.114572.

Tseng, Y.H., Chen, Y.C., Alice, L.Y. and Yu, J.,, 2021. Benzo [a] pyrene induces fibrotic changes and impairs
differentiation in lung  stem cells. Ecotoxicology  and Environmental Safety, 210, p.111892.
doi:10.1016/j.ecoenv.2021.111892.

1778 *

Corresponding Author: Moinuddhin Mansuri Volume 08 Issue 04 April 2025
Available at: www.ijcsrr.org
Page No. 1768-1794


https://doi.org/10.47191/ijcsrr/V8-i4-23
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review
ISSN: 2581-8341

Volume 08 Issue 04 April 2025

DOI: 10.47191/ijcsrr/V8-i4-23, Impact Factor: 8.048

IJCSRR @ 2025 WWW.ijcSrr.org
83. Wang, Z., Yang, P., Xie, J., Lin, H.P., Kumagai, K., Harkema, J. and Yang, C., 2020. Arsenic and benzo [a] pyrene co-

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

96.

97.

98.

exposure acts synergistically in inducing cancer stem cell-like property and tumorigenesis by epigenetically down-
regulating SOCS3 expression. Environment International, 137, p.105560. doi:10.1016/j.envint.2020.105560.

Wang, Z., 2021. Mechanisms of the synergistic lung tumorigenic effect of arsenic and benzo (a) pyrene combined-
exposure. In Seminars in cancer biology (Vol. 76, pp. 156-162). Academic Press. doi:10.1016/j.semcancer.2021.05.002.
Xie, J., Yang, P., Lin, H.P., Li, Y., Clementino, M., Fenske, W., Yang, C., Wang, C. and Wang, Z., 2020. Integrin o4 up-
regulation activates the hedgehog pathway to promote arsenic and benzo [a] pyrene co-exposure-induced cancer stem cell-
like property and tumorigenesis. Cancer letters, 493, pp.143-155. doi:10.1016/j.canlet.2020.08.015.

Hyzd’alova, M., Prochazkova, J., Strapacova, S., Svrzkova, L., Vacek, O., Fedr, R., Andrysik, Z., Hrub4, E., Libalova, H.,
Kléma, J. and Topinka, J., 2021. A prolonged exposure of human lung carcinoma epithelial cells to benzo [a] pyrene
induces p21-dependent epithelial-to-mesenchymal transition (EMT)-like phenotype. Chemosphere, 263, p.128126.
doi:10.1016/j.chemosphere.2020.128126.

Gao, H., Ye, G, Lin, Y., Chi, Y. and Dong, S., 2020. Benzo [a] pyrene at human blood equivalent level induces human
lung epithelial cell invasion and migration via aryl hydrocarbon receptor signaling. Journal of Applied Toxicology, 40(8),
pp.1087-1098. doi:10.1002/jat.3969.

Wang, B.H., Tang, L.L., Sun, X.H., Zhang, Q., Liu, C.Y., Zhang, X.N., Yu, K.Y, Yang, Y., Hu, J., Shi, X.L. and Wang,
Y., 2024. Qufeng Xuanbi Formula inhibited benzo [a] pyrene-induced aggravated asthma airway mucus secretion by
AhR/ROS/ERK pathway. Journal of Ethnopharmacology, 319, p.117203.

Huang, Z., Wang, S., Liu, Y., Fan, L., Zeng, Y., Han, H., Zhang, H., Yu, X., Zhang, Y., Huang, D. and Wu, Y., 2020.
GPRC5A reduction contributes to pollutant benzo [a] pyrene injury via aggravating murine fibrosis, leading to poor
prognosis of 1P patients. Science of the Total Environment, 739, p.139923. doi:10.1016/j.scitotenv.2020.139923.

Lim, H., Sadiktsis, I., de Oliveira Galvao, M.F., Westerholm, R. and Dreij, K., 2021. Polycyclic aromatic compounds in
particulate matter and indoor dust at preschools in Stockholm, Sweden: Occurrence, sources and genotoxic potential in
vitro. Science of the Total Environment, 755, p.142709. doi:10.1016/j.scitotenv.2020.142709.

Xu, P., Liu, B., Chen, H., Wang, H., Guo, X. and Yuan, J., 2024. PAHSs as environmental pollutants and their neurotoxic
effects. Comparative Biochemistry and Physiology Part C: Toxicology & Pharmacology, p.109975.

da Silva Junior, F.C., Felipe, M.B.M.C., de Castro, D.E.F., da Silva Aradjo, S.C., Sisenando, H.C.N. and de Medeiros,
S.R.B., 2021. A look beyond the priority: A systematic review of the genotoxic, mutagenic, and carcinogenic endpoints of
non-priority PAHs. Environmental pollution, 278, p.116838. doi:10.1016/j.envpol.2021.116838.

Xu, C., Liu, Q., Liang, J., Weng, Z., Xu, J., Jiang, Z. and Gu, A., 2021. Urinary biomarkers of polycyclic aromatic
hydrocarbons and their associations with liver function in adolescents. Environmental Pollution, 278, p.116842.
d0i:10.1016/j.envpol.2021.116842.

Tajima, H., Tajiki-Nishino, R., Watanabe, Y., Kurata, K. and Fukuyama, T., 2020. Activation of aryl hydrocarbon receptor
by benzo [a] pyrene increases interleukin 33 expression and eosinophil infiltration in a mouse model of allergic airway
inflammation. Journal of Applied Toxicology, 40(11), pp.1545-1553. doi:10.1002/jat.4017.

Majumder, D., Debnath, R. and Maiti, D., 2020. IL-27 along with IL-28B ameliorates the pulmonary redox impairment,
inflammation and immunosuppression in benzo (a) pyrene induced lung cancer bearing mice. Life Sciences, 260, p.118384.
d0i:10.1016/j.1fs.2020.118384.

Gavito-Covarrubias, D., Ramirez-Diaz, ., Guzman-Linares, J., Limén, 1.D., Manuel-Sanchez, D.M., Molina-Herrera, A.,
Coral-Garcia, M.A., Anastasio, E., Anaya-Hernandez, A., Juarez-Diaz, G. and Torres-Jacome, J., 2024. Epigenetic
mechanisms of particulate matter exposure: air pollution and hazards on human health. Frontiers in Genetics, 14,
p.1306600.

Offor, C.C. and Nduka, J.K., 2024. Appraisal of polycyclic aromatic hydrocarbons (PAHSs) in indoor dust of Eastern
Nigeria and its implications in the COVID-19 years. Journal of Hazardous Materials Advances, p.100424.

Fan, L., Li, W., Ma, J., Cheng, M., Xie, L., Ye, Z., Xie, Y., Wang, B., Yu, L., Zhou, Y. and Chen, W., 2022. Benzo (a)
pyrene induces airway epithelial injury through Wnt5a-mediated non-canonical Wnt-Y AP/TAZ signaling. Science of The
Total Environment, 815, p.151965. doi:10.1016/j.scitotenv.2021.151965.

1779

Corresponding Author: Moinuddhin Mansuri Volume 08 Issue 04 April 2025
Available at: www.ijcsrr.org
Page No. 1768-1794


https://doi.org/10.47191/ijcsrr/V8-i4-23
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review
ISSN: 2581-8341
Volume 08 Issue 04 April 2025

DOI: 10.47191/ijcsrr/V8-i4-23, Impact Factor: 8.048
1IJCSRR @ 2025 WWW.ijcsrr.org

99. Dai, Y., Xu, X., Huo, X. and Faas, M.M., 2023. Effects of polycyclic aromatic hydrocarbons (PAHSs) on pregnancy,
placenta, and placental trophoblasts. Ecotoxicology and Environmental Safety, 262, p.115314.

100.Novakova, Z., Novak, J., Kitanovski, Z., Kukucka, P., Smutna, M., Wietzoreck, M., Lammel, G. and Hilscherova, K.,
2020. Toxic potentials of particulate and gaseous air pollutant mixtures and the role of PAHs and their
derivatives. Environment international, 139, p.105634. doi:10.1016/j.envint.2020.105634.

101.Zeng, Z., Huo, X., Wang, Q., Wang, C., Hylkema, M.N. and Xu, X., 2020. PM2s-bound PAHSs exposure linked with low
plasma insulin-like growth factor 1 levels and reduced child height. Environment international, 138, p.105660.
d0i:10.1016/j.envint.2020.105660.

102.Ning, X., Wang, Y., Zhu, N., Li, G. and Sang, N., 2020. Risk assessment of the lipid metabolism-disrupting effects of
nitro-PAHSs. Journal of hazardous materials, 396, p.122611. doi:10.1016/j.jhazmat.2020.122611.

103.0ssai CJ, Iwegbue CMA, Tesi GO, et al. Ossai, C.J., Iwegbue, C.M., Tesi, G.O., Olisah, C., Egobueze, F.E., Nwajei, G.E.
and Martincigh, B.S., 2021. Distribution, sources and exposure risk of polycyclic aromatic hydrocarbons in soils, and
indoor and outdoor dust from Port Harcourt city, Nigeria. Environmental Science: Processes & Impacts, 23(9), pp.1328-
1350. doi:10.1039/d1em00094b.

104.Venkatraman, G., Giribabu, N., Mohan, P.S., Muttiah, B., Govindarajan, V., Alagiri, M., Rahman, P.S.A. and Karsani,
S.A., 2024. Environmental impact and human health effects of polycyclic aromatic hydrocarbons and remedial strategies:
a detailed review. Chemosphere, p.141227.

105.Rahman, H.H., Niemann, D. and Munson-McGee, S.H., 2022. Association between environmental toxic metals, arsenic
and polycyclic aromatic hydrocarbons and chronic obstructive pulmonary disease in the US adult
population. Environmental Science and Pollution Research, 29(36), pp.54507-54517. doi:10.1007/s11356-022-19695-w.

106.Polachova, A., Gramblicka, T., Parizek, O., Sram, R.J., Stupak, M., Hajslova, J. and Pulkrabova, J., 2020. Estimation of
human exposure to polycyclic aromatic hydrocarbons (PAHSs) based on the dietary and outdoor atmospheric monitoring in
the Czech Republic. Environmental research, 182, p.108977. doi:10.1016/j.envres.2019.108977.

107.Bandowe, B.A.M. and Meusel, H., 2017. Nitrated polycyclic aromatic hydrocarbons (nitro-PAHS) in the environment—A
review. Science of the total environment, 581, pp.237-257. doi:10.1016/j.scitotenv.2016.12.115.

108.Kim, H.J., Cho, J. and Jang, A., 2021. Effect of charcoal type on the formation of polycyclic aromatic hydrocarbons in
grilled meats. Food Chemistry, 343, p.128453. doi:10.1016/j.foodchem.2020.128453.

109.Sanchez-Pifiero, J., Bowerbank, S.L., Moreda-Pifieiro, J., L6pez-Mahia, P. and Dean, J.R., 2020. The occurrence and
distribution of polycyclic aromatic hydrocarbons, bisphenol A and organophosphate flame retardants in indoor dust and
soils from public open spaces: Implications for human exposure. Environmental Pollution, 266, p.115372.
d0i:10.1016/j.envpol.2020.115372.

110.Shaffi, S.M., 2021. Genetic Polymorphism and Their Role in Lung Cancer. Genetic Polymorphism and cancer
susceptibility, pp.319-339.

111.Vorkamp, K., Castafio, A., Antignac, J.P., Boada, L.D., Cequier, E., Covaci, A., Lopez, M.E., Haug, L.S., Kasper-
Sonnenberg, M., Koch, H.M. and Luzardo, O.P., 2021. Biomarkers, matrices and analytical methods targeting human
exposure to chemicals selected for a European human biomonitoring initiative. Environment International, 146, p.106082.
d0i:10.1016/j.envint.2020.106082.

112.Santos, A.A., Delgado, T.C., Marques, V., Ramirez-Moncayo, C., Alonso, C., Vidal-Puig, A., Hall, Z., Martinez-Chantar,
M.L. and Rodrigues, C.M., 2024. Spatial metabolomics and its application in the liver. Hepatology, 79(5), pp.1158-1179.

113.Endirlik, B.U., Wincent, E. and Dreij, K., 2023. Non-additive mixture effects of benzo [a] pyrene and pesticides in vitro
and in vivo: Role of AhR signaling. Environmental Pollution, 316, p.120510.

114.Bauer, A.K., Siegrist, K.J., Wolff, M., Nield, L., Brining, T., Upham, B.L., Kéfferlein, H.U. and Pléttner, S., 2022. The
carcinogenic properties of overlooked yet prevalent polycyclic aromatic hydrocarbons in human lung epithelial
cells. Toxics, 10(1), p.28. doi:10.3390/toxics10010028.

115.Washimkar, K.R., Tomar, M.S., Ishteyaque, S., Kumar, A., Shrivastava, A. and Mugale, M.N., 2023. Benzo [a] pyrene
treatment modulates Nrf2/Keapl axis and changes the metabolic profile in rat lung cancer. Chemico-Biological
Interactions, 373, p.110373.

1780 “Corresponding Author: Moinuddhin Mansuri Volume 08 Issue 04 April 2025
Available at: www.ijcsrr.org
Page No. 1768-1794


https://doi.org/10.47191/ijcsrr/V8-i4-23
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review
ISSN: 2581-8341
Volume 08 Issue 04 April 2025

DOI: 10.47191/ijcsrr/V8-i4-23, Impact Factor: 8.048
1IJCSRR @ 2025 WWW.ijcsrr.org

116.Pan, S.Y., Chi, K.H., Wang, Y.C., Wei, W.C. and Ueng, Y.F., 2022. Sub-toxic events induced by truck speed-facilitated
PM2s and its counteraction by epigallocatechin-3-gallate in A549 human lung cells. Scientific reports, 12(1), p.15004.
doi:10.1038/s41598-022-18918-x.

117.Kelly, F.J. and Fussell, J.C., 2020. Global nature of airborne particle toxicity and health effects: a focus on megacities,
wildfires, dust storms and residential biomass burning. Toxicology research, 9(4), pp.331-345. doi:10.1093/toxres/tfaa044.

118.Niu, X., Chuang, H.C., Wang, X., Ho, S.S.H., Li, L., Qu, L., Chow, J.C., Watson, J.G., Sun, J., Lee, S. and Cao, J., 2020.
Cytotoxicity of PMzs vehicular emissions in the Shing Mun tunnel, Hong Kong. Environmental Pollution, 263, p.114386.
d0i:10.1016/j.envpol.2020.114386.

119. Ahmadipour, F., Sari, A.E. and Bahramifar, N., 2020. Characterization and health risk assessment of particulate-bound
polycyclic aromatic hydrocarbons in Tehran, Iran. Air Quality, Atmosphere & Health, 13, pp.1431-1438.
d0i:10.1007/s11869-020-00897-5.

120.Herndndez-Lbépez AE, Maya-Miranda G, Arenas-Huertero F, et al. A micro-scale analytical method combined with PTV-
GC-MS to determine polycyclic aromatic hydrocarbons in human lungs. Microchem J. 2020;159(105518):105518.
doi:10.1016/j.microc.2020.105518.

121.Tan, Y., Wang, Y., Zou, Y., Zhou, C., Yi, Y., Ling, Y., Liao, F., Jiang, Y. and Peng, X., 2020. LncRNA LOC101927514
regulates PM;s-driven inflammation in human bronchial epithelial cells through binding p-STAT3 protein. Toxicology
Letters, 319, pp.119-128. doi:10.1016/j.toxlet.2019.10.0009.

122.Fakinle, B.S., Odekanle, E.L., Ike-Ojukwu, C., Sonibare, O.0., Falowo, O.A., Olubiyo, F.W., Oke, D.O. and Aremu, C.O.,
2022. Quantification and health impact assessment of polycyclic aromatic hydrocarbons (PAHSs) emissions from crop
residue combustion. Heliyon, 8(3). doi:10.1016/j.heliyon.2022.e09113.

123.Kanellopoulos, P.G., Verouti, E., Chrysochou, E., Koukoulakis, K. and Bakeas, E., 2021. Primary and secondary organic
aerosol in an urban/industrial site: Sources, health implications and the role of plastic enriched waste burning. Journal of
Environmental Sciences, 99, pp.222-238. doi:10.1016/j.jes.2020.06.012.

124.Yang, L., Zhang, H., Zhang, X., Xing, W., Wang, Y., Bai, P., Zhang, L., Hayakawa, K., Toriba, A. and Tang, N., 2021.
Exposure to atmospheric particulate matter-bound polycyclic aromatic hydrocarbons and their health effects: a
review. International journal of environmental research and public health, 18(4), p.2177. doi:10.3390/ijerph18042177.

125.0yekunle, J.A.O., Durodola, S.S., Adekunle, A.S., Afolabi, F.P., Ore, O.T., Lawal, M.O. and Ojo, O.S., 2021. Potentially
toxic metals and polycyclic aromatic hydrocarbons composition of some popular biscuits in Nigeria. Chemistry
Africa, 4(2), pp.399-410. doi:10.1007/s42250-020-00215-7.

1781 “Corresponding Author: Moinuddhin Mansuri Volume 08 Issue 04 April 2025
Available at: www.ijcsrr.org
Page No. 1768-1794


https://doi.org/10.47191/ijcsrr/V8-i4-23
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review
ISSN: 2581-8341
Volume 08 Issue 04 April 2025
DOI: 10.47191/ijcsrr/V8-i4-23, Impact Factor: 8.048

IJCSRR @ 2025 WWW.iiCSI’r.OI’g
Table 1. PAHSs exposure, toxicity mechanism, and molecular effect.
t L . - Ref
PAHs rsnsgzl Objective Parameters Exposure Effects | Mechanism of toxicity ese erenc
Activation of  AhR
. thway; lati f
Western blot analysis, pathway, upregulation o
H3K9 methyltransferase,
Soft-agar colony .
suppressor of variegation
development assay,
Serum-free suspension 39 homologl
P (SUV39H1) expression
culture, sphere . .
formation assa Malignancy  of | and suppressive H3K9
Bronchial | Asand B[a]P Vi immortal non- | dimethylation
- ALDEFLUOR  assay, L
epithelial co-exposure | oo tumorigenic (H3K9me2);
cell-line in the S mmunobrecinitation bronchial downregulation of tumor [83]
(BEAS-2B | induction of (ChIP)- p—PCI‘E Benzo epithelium cells, | suppression suppressor of
cells), nude | tumorigenesi g ! . cancer stem cell, | cytokine signalling 3
. [a]pyrene diol epoxide .
mice S (BPDE)-DNA  adduct and lung | (SOCS3) expression;
. adenomas activation of Akt and
level analysis, .
. . Extracellular signal-
hematoxylin and eosin .
regulated kinases
(H&E) and .
(Erk1/2); increased cell
IARC Immunofluorescence, . .
. . transformation, CSC-like
Monographs Immunohistochemistry
property, and
Group 1 . .
tumorigenesis
Human Increase in expression of
Carcinogen B[a]P metabolism-related
g mRNA and protein (AhR
(126 agents) .
and target genes i.e.
B[a]P
nuclear translocator,
HSP90, and CYP1Al);
increased mMRNA
expression of AhR signal
Ex[a:cl)Zure pathway, EMT (NRF2,
. P Transwell assay, Cell | Increased BEAS- | K-RAS, and hypoxia-
BEAS-2B | induced lung | . .. . . . .
o viability assay, | 2B cell invasion, | inducible factor 1-alpha) | [87]
cells epithelial o .
cell Immunofluorescence migration like downstream
. . regulatory factors; down-
signalling

regulation of epithelium

marker E-cadherin
expression; upregulation
of mesenchymal

phenotype markers, N-
cadherin, fibronectin and
vimentin mMRNA
expression

1782 “Corresponding Author: Moinuddhin Mansuri

Volume 08 Issue 04 April 2025

Available at: www.ijcsrr.org
Page No. 1768-1794



https://doi.org/10.47191/ijcsrr/V8-i4-23
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review

ISSN: 2581-8341

Volume 08 Issue 04 April 2025
DOI: 10.47191/ijcsrr/V8-i4-23, Impact Factor: 8.048

IJCSRR @ 2025 WWW.ijcSrr.or
B[a]P
Exposure of HepG2 cell a[fa:! uat/ and
to B[a]P, Cell viability | P2 2
assay by inhibitor tebuconazole
Synergistic yo oy Y| caused  additive B[a]P and
concentration  (ICs),
effects  of o . effects on cell | paraquat/tebuconazole-
Quantitative real-time | . . . o
B[a]P and viability, mixture | additive  effects on
Human - PCR, CYP1Al enzyme . . .
pesticides s with chlorpyrifos - | CYP1A1 expression,
hepatocell | . .| inhibition assay, - . .
i.e. chlorpyri antagonistic effect | mixture with
ular Intracellular ROS N . .
. fos, paraquat on cell viability | chlorpyrifos-induction
carcinoma assay, In cell western . [113]
and and ROS | of CYP1A1 expression,
cells (ICW) assay, AhR . o .
tebuconazole production, inhibition of recombinant
(HepG2) knockdown,
on  human developmental human CYP1Al enzyme
cells Assessment of .. . -
HepG2 cell, . toxicity of | activity, synergistic
morphological effects, . . .
AhR . bladder, yolk sac | expression induction
. . mortality and GFP . .
signalling o . and  pericardial | of CYP1A
expression in zebrafish, .
. - edema, and spinal
analysis for cytotoxicity ) .
endnoint deformation in
P zebrafish
Increased fibrosis,
repressed 3D
spheroid B[a]P exposure promoted
formation, a-1,6- | AhR nuclear
fucosylation loss | translocation; impaired
B[a]P Cell cultures, | by non-canonical | TGF-B signalling, non-
CD54*CD induced Proliferation and | aryl hydrocarbon | expression of podoplanin
157*CD45 fibrotic viability assays, gRT- | receptor  (AhR) | marker  of  alveolar
~ cells mice . | PCR, SDS-PAGE and | signalling differentiation; reduced | [82]
changes in | . .
lung stem immunoblot  analysis, | pathway, COL1 and
lung  stem . . .
cells cells cell image analysis, | decreased cell | ACTAZ expression;
Antibody testing growth in | repression of PDPN
CD54*CD157*C | expression and spheroid
D45 cells; formation; suppressed of
impaired lung | E-cadherin expression
stem cell
regeneration
Microarray  analysis,
Arsenic and | Integrin  subunit a4
B[a]P  co- | (ITGA4) stable
Human exposure and | knockdown model, Activation of hedgehog
bronchial bronchial suppressor of fused pathway by up-regulation
epithelial cancerous (SUFU) stable ) of Integrin a4 evaluated [85]
BEAS-2B | stem  cell- | overexpression  cells, cancerous stem cell-like
cell, Nude | like Soft-agar colony property and
mouse behavior, formation assay, tumorigenesis
tumorigenesi | Serum-free suspension
s mechanism | culture sphere
formation assay,

1783 “Corresponding Author: Moinuddhin Mansuri

Volume 08 Issue 04 April 2025
Available at: www.ijcsrr.org
Page No. 1768-1794



https://doi.org/10.47191/ijcsrr/V8-i4-23
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review

ISSN: 2581-8341

Volume 08 Issue 04 April 2025
DOI: 10.47191/ijcsrr/V8-i4-23, Impact Factor: 8.048

IJCSRR @ 2025 WWW.ijcSrr.or
Quantitative PCR
analysis,
immunohistochemistry
Prolonged
B[a]P
exposure and
progression
of  human .
lun ! Induction of
Human g_ epithelial-
carcinoma,
lung mesenchymal
. and . . . .
carcinoma | . . Transcriptomic analysis | transition - [86]
induction of
(A549) cell 21 phenotype by
S P decreased cell
dependent roliferation
epithelial- P
mesenchyma
I transition
like
phenotype
BEAS-2B, AhR  activation and
A549 cell | B[a]P airway inflammation
line, induced AhR significantly  increased
Human activation . Increased lung | IL-33 expression;
. A .| Cell line  culture, | . . . .
eosinophili | increases in . inflammation and | increased IL-8 expression
. . Fluorescence-Activated . . . [94]
¢ leukemia | allergic cell Sortin eosinophil in EOL-1 (house dust
cell  line | airway g infiltration mite-activated), BEAS-
(EOL-1), inflammatio 2B, and A549 cells;
BALB/cA | n increased IL-33 in
nN Mice BEAS-2B cells
C57BL/6 Dense and !ncrease in bleomyc_m-
. induced murine
mice, damaged alveolar . .
pulmonary fibrosis as
clustered type I cell . .
well as fibronectin and a
regularly membrane, .
. B[a]P . ... . | smooth muscle actin
interspaced | . Histology, decline in fibrotic . .
induced o (aSMA) expression in
short . .| Transmission electron | mass, Gprcba . .
alindromi injury n microsco Western | depletion worsen primary fibroblasts;
P human . py: P . . decreased GPRC5A
C repeats blotting, Sircol assay, | mortality rate with .1 [89]
alveolar . . . . MRNA expression;
(CRISPR)/ immunohistochemistry, | high collagen
basal . . Opal-regulated
Cas9 . immunofluorescence, accumulation and ) . .
epithelial A5 | .. . . . mitochondrial dynamics
knockout . bioinformatics analysis | myofibroblast . .
__ | 49cell line o or  Mitofusion2  and
Gprcba activation, L .
) . . vitamin metabolic
mice, idiopathic imbalance were
A549 cell interstitial .
line neumonia responsible for decreased
P Gprc5a and fibrogenesis
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Micronucleus assay of
BEAS-2B and Cyo cell,

cell cycle analysis,
— After PAHs and B[a]P
Combination | scalpel-loaded dye . [2] .
treatment  micronuclei
of low | transfer assay, DNA L
Human formation increased, gap
BEAS-2B molecular adducts and junctional intercellular
weight PAHs | immunoblots, DNA | - ) o . [114]
and Ab549 . communication regulatio
and B[a]P as | extraction and
cell . . n altered, cell cycle
co- quantitation, analysis of .. .
. . alteration, increased anti-
carcinogen anti-BPDE-DNA BPDE-DNA adducts
adducts, CYP1B1
immunoblots of BEAS-
2B and A549 cells
L hi hol | I . .
ung histopathology, .ncreased ung Lung inflammation and
CCis inflammatory airway epithelial injur
Induction of | Immunohistochemistry | response and dose . y. P Jury,
epithelial analysis dependent activation of non-
Mice P ysIs, P . canonical Whnt5a- | [98]
injury by | Immunofluorescence decrease in Clara . .
- YAP/TAZ signalling by
B[a]P staining, RNA | cell secretory Wnit5a
extraction and QRT- | protein (CCag)
PCR, Western blot expression
Pulmonary
redox
damage, . _ .
. g . Histology, Expression increased in
inflammatio . X Pulmonary redox .
0 and biochemistry, damage Pulmonary malignancy-
Mice ir,nmunosu immunohistochemistry, inflarr?rr;ation associated NFkB, COX- [95]
PP Western blot, | . "1 2,iNOS; TNF-a, PCNA,
ressed IL-27 .. immunosuppressi . .
cytotoxicity assay, real and matrix remodeling
and 1L-288 | ;i peR on enzymes
in  B[alP y
induced lung
cancer
Modulates  Nrf2/Keapl
axis, upregulation of
Lung cancer activating  transcription
Rats risk - Lung cancer factor-6, C/EBP | [115]
assessment Homologous Protein;
induction of endoplasmic
reticulum stress
IARC Ambient and indoor
M 1 . H
onographs Human PAHs  and PMyo; analysis of PAHs
Group 2A hepatocell PM in indoor and OPAHS;
ular dust and measurement of ROS | Carcinogenic and | DNA damage by pChkl [90]
Probably carcinoma enc;toxic by pChkl and yYH2AX | genotoxic effect and YH2AX signalling
carcinogenic cells gotential (sensitive
to humans (HepG2) P markers DNA damage);
(94 agents) western blotting
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Micronucleus assay of
Cyclopenta[c, BEAS-2B and Cyp cell,
PP; I | lysi
d].pyreneC ' - ce cycle  analysts, After PAHs and B[a]P
Dibenzol[a,l]p Combination | scalpel-loaded dye . .
treatment  micronuclei
yrene; of low | transfer assay, DNA o
. Human formation increased, gap
DB[a.]P% BEAS-2B molecular adducts and junctional intercellular
Dibenz[a,h]ant weight PAHs | immunoblots, DNA | - ) o . [114]
and Ab549 . communication regulatio
hracene and B[a]P as | extraction and
, cell o . n altered, cell cycle
DBJa,h]A co- quantitation, analysis of L .
. . alteration, increased anti-
carcinogen anti-BPDE-DNA BPDE-DNA adducts
adducts, CYP1B1
immunoblots of BEAS-
2B and A549 cells
Growth
PAHSs . retardation;
, PAHs (un-metabolized .
Human exposure . neurobehavioral
. .| and metabolized) . .
breast milk | effect in . . changes in child;
. . . extraction from milk; | . - [80]
in nursing | nursing . increased chances
chromatographic .
mothers mothers and . of allergies and
. , analysis .
infants respiratory
diseases
Alr_sampling \./ehl.cle Phenanthrene was
exhaust, determination abundant in
Sub-toxic | of ionic content, PAHs . L
effects of | quantitation, analysis of vehicle emission,
_ q - analy HMW PAHs were _
Human engine A549  cell culture, emitted at hiah Induction of IL-6, [116]
Ab49 cells | emissions exposure and viability, .g CYP1A1, and NQO-1
. - | speed (>50%) i.e.
and truck | Real-time PCR analysis .
speed of exposed A549 cell Blghil,
P . P Indeno[1,2,3-
line, exhaust cd]pyrene (I[cd]P)
extract/EGCG exposure Py
Environment COPD, ALRI,
al  toxicity ischemic heart . .
- - . ROS induct ffect 117
and health disease,  stroke, indUction eTrects [117]
effects and cataracts
Oxidative stress-
Cytotoxic mediated cell membrane
effect of | Mass concentrations of | Oxidative and | damage; inflammatory
2A549 cells | PMys by | PMzs; cell culture for | inflammatory effect in A549 cells | [118]
vehicular cytokines determination | effect characterized by lactate
emission dehydrogenase (LDH), 8-
iS0-PGF2¢ and IL-6
Environment | Association of PMys Impaired lun Increased ROS degrade
2Human al PAHs | with bound 16 PAHS; P . g biological
o . function; decrease
epidemiolo | exposure and | urinary 8-OHdG and 8- in forced macromolecules and | [21]
gical study | altered isoprostane (8-iso- . cause lung epithelium
. . expiratory volume | . ..
respiratory PGF2a) analysis impairment; lipid
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function and peroxidation of cell
mechanism membrane; altered
ACTA2 by TGF-B
inhibitor SB431542
2- -
-and 3 Indoor and outdoor
3 Nitrobenzant :
Human hrone PMio,  dust sampling,
hepatocell exposure in chemical analysis of | Geno-toxicity in | DNA damage signal
ular P . PAH and OHPAHS, | both human lung | activation through pChk1
. urban air and . . [90]
IARC carcinoma | ..o Cell culture  and | A549 and liver | and yYH2AX are sensitive
Monographs | cells exposure, HepG2 cells markers
stress, DNA
Group 2B (HepG2) adduct Measurements of ROS,
. western blotting
Possibl formation
. y . Air sampling vehicle
carcinogenic -
to human exhaust, determination
gzzu a nSt Sub-toxic | of ionic content, PAHSs
(322 agents) effects of | quantitation, analysis of | HMW PAHSs were
B . N Human engine A549 cell culture, | emitted at high | Induction of IL-6, [116]
hrenligggcean A549 cells | emissions exposure and viability, | speed (>50%) i.e. | CYP1A1, and NQO-1
ylenes, and  truck | Real-time PCR analysis | B[ghi], I[cd]P)
benzo[a]anthr
h speed of exposed A549 cell
acene*. .
benzolblfluor line, exhaust
enzo[bjfluora extract/EGCG exposure
nthene;
benzo[j]fluora I
nthene: Cytotoxic Oxidative stress-
’ . . i [
benzo[K]fluora effect  of | Mass concentrations of | Oxidative  and (rjr;er:;atee-d ceinﬂr:;nr:]t;zr:e
nthene; 3A549 cells | PMys by | PMzs; cell culture for | inflammatory effectg ,in A549 cell)s/ [118]
benzo[c]phena vehicular cytokines determination | effect .
nthrene: emission characterized by LDH, 8-
chrysené- is0-PGF2¢, and IL-6
dibenzo[a,h]p
yrene; Grovvth_
dibenzofa,ilpy PAHS PAHs (un-metabolized retardation;
rene: exposure . neurobehavioral
o . .| and metabolized) . -
indeno[1,2,3- Human effect in | iraction from milk: changes in child; | [80]
cd]pyrene; milk nursing . " | increased chances
' chromatographic .
5- mothers and analvsis of allergies and
methylchrysen infants y respiratory
e diseases
Pbound | i Caemmiaton;
- PAHs and | . Y . .’ | Carcinogenic risk | - [119]
. inhalation carcinogenic
health risk .
risk assessment

1787 “Corresponding Author: Moinuddhin Mansuri

Volume 08 Issue 04 April 2025
Available at: www.ijcsrr.org
Page No. 1768-1794



https://doi.org/10.47191/ijcsrr/V8-i4-23
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review
ISSN: 2581-8341
Volume 08 Issue 04 April 2025
DOI: 10.47191/ijcsrr/V8-i4-23, Impact Factor: 8.048
IJCSRR @ 2025

WWW.IjCSrTr.org

Air sampling vehicle
exhaust, determination
. . Phenanthrene was
Sub-toxic | of ionic content, PAHs abundant in
IARC effects  of | quantitation, analysis of vehicle emission
Monographs Human engine A549  cell culture, HMW PAHS WEI’P: Induction of IL-6, [116]
Group 3 A549 cells | emissions exposure and viability, . . CYP1AL, and NQO-1
. .| emitted at high
and  truck | Real-time PCR analysis .
Not speed (>50%) i.e.
. speed of exposed A549 cell .
classifiable as line exhaust | BIONT 1[cd]P)
to ) ] |_ts extract/EGCG exposure
carcinogenicit
y to humans* PM-bound PAHs analysis and
500 agents ici ination; . L
( gents) - PAHs and FOXICItY determlnatlop, Carcinogenic risk | - [119]
. inhalation carcinogenic
health risk .
risk assessment

Not classifiable as to its carcinogenicity to humans*: Acenaphthene (ACE); acepyrene; (3,4-dihydrocyclopenta[cd]pyrene);
anthracene*; 11H-benz[bc]aceanthrylene; benz[l]aceanthrylene; benzo[b]chrysene; benzo[g]chrysene; benzo[a]fluoranthene;
benzo[ghi]fluoranthene; benzo[a]fluorene; benzo[b]fluorene; benzo[c]fluorene; benzo[ghi]perylene; benzo[e]pyrene; coronene;

4H-cyclopenta[def]chrysene;

5,6-cyclopenteno-1,2-benzanthracene;

dibenz[a,c]anthracene;

dibenz[a,j]anthracene;

dibenzo[a,e]fluoranthene; 13H-dibenzo[a,g]fluorene; dibenzo[h,rst]pentaphene; dibenzo[a,e]pyrene; dibenzo[e,l]pyrene?; 1,2-

dihydroaceanthrylene,

1,4-dimethylphenanthrene;

fluoranthene®;

fluorene®;

1-methylchrysene;

2-methylchrysene;  3-

methylchrysene; 4-methylchrysene; 6-methylchrysene; 2-methylfluoranthene; 3-methylfluoranthene; 1-methylphenanthrene;

naphtho[1,2-b]fluoranthene; naphtho[2,1-a]fluoranthene; naphtho[2,3-e]pyrene; perylene; phenanthrene; picene; pyrene;
triphenylene
Table 2. Quantification of PAHs metabolites.
S . Sampl | PAHS Instrum Sample Instrument Referenc
No | Objective . prepara Range Result
e detection ent tion parameters es
Quick, Huma | 1- GCMS Graphen | Electrochemical Linearity | Early detection of | [49]
simple, cost- | nurine | hydroxypyr e poly(L- | device based on | 1-1000 illness risk using
effective, sampl | ene GA)/SP | poly(l-glutamic nm; LOQ | developed sensor
portable, es GE acid)-modified a | 3.16 nm;
1. | accurate, based on | screen-printed LOD
precise, and poly(l- graphene 0.95 nm
reliable test glutamic | electrode
to detect acid) (poly(L-
PAHs GA)/SPGE)
Correlation | Urine | 1- HPLC- 1.0 ml | Voltage -2500 V, | Detection | Pregnant women | [22]
between of hydroxypyr | MS/MS: | ethyl sheath gas | rate over | have a greater 1-
their pregna | ene C18 acetate pressure — 35, | 74% OHPG
metabolite nt glucuronide | column 5 auxiliary gas concentration due
2. | concentratio | wome and mmol/L | pressure — 10, to unhealthy diet
ns, n gradient and ion sweep N> and increased
socioecono | during elution gas pressure — 2.0 indoor exposure
mic, second using au, capillary,
demographi | and negative vaporizer
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c, and | third electrosp temperature -
dietary trimest ray 350 °C)
factors er ionizatio
n mode
Health risk | Urine | Metabolites | GCMS Hydrolys | - - Highest [51]
assessment | and of 1- | with is by B- concentration
of serum | Naphthalen | HP5-MS | glucuron found at 1-OHP
polycyclic sampl | e, 2- | capillary | idase/ary level. No
aromatic es Naphthalen | column Isulfatas significant
hydrocarbon e, 2- e difference between
S in Fluorine, 1- YOH-PAHSs levels
individuals Hydroxypyr
living near ene, and 9-
restaurants Phenanthre
ne
Estimation Urine | 1- ID-LC- - - - Four PAH | [52]
of sampl | naphthalene | MSMS, metabolites (2-
endogenous | e of |, 2- | HPLC- FLU, 2- and 3-
biomarker partici | naphthalene | ESI- PHE, 1-PHE, and
associations | pants |, 2-fluorene, | MS/MS 1-PYR) were
with <l5w | 1- positively
prenatal k gest | phnenthrene associated with the
phenols, ation , 2- oxidative  stress
phthalates, and phnenthrene marker 8-IP
metals, and | age , 3-
polycyclic >18ye | phnenthrene
aromatic ars , 4-
hydrocarbon phnenthrene
s in single- , 9-
pollutant phnenthrene
and , 1-pyrene
mixtures
analysis
approaches
Biomonitori | Urine | 1- HPLCM LOQ- Estimated  daily | [53]
ng of PAHs | of hydroxynap | SS 0.05 ng/ | intake -
metabolites | lactati | hthalene, 2- | water/me ml  for | naphthalene,
ng hydroxynap | thanol 30HFLU | fluorene,
subjec | hthalene, 2- | (40:60) and phenanthrene, and
ts hydroxyfluo | containin 30HBAP | pyrene- 6 to 1522
rene, 1- | g 0.1% of ,and 0.01 | ng /kg/day;
hydroxyphe | acetic ng/ml for
nanthrene, acid rest of
1- OHPAHSs
hydroxyphe
nanthrene,
3-

1789 “Corresponding Author: Moinuddhin Mansuri Volume 08 Issue 04 April 2025
Available at: www.ijcsrr.org

Page No. 1768-1794



https://doi.org/10.47191/ijcsrr/V8-i4-23
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review
ISSN: 2581-8341

Volume 08 Issue 04 April 2025

DOI: 10.47191/ijcsrr/V8-i4-23, Impact Factor: 8.048

IJCSRR @ 2025 WAWHIESIT.0rd
hydroxyphe
nanthrene,
4-
hydroxyphe
nanthrene,
and 3-
hydroxyben
zo(a)pyrene
, 3-
Hydroxyflu
orene, 9-
hydroxyphe
nanthrene,
and 1-
hydroxypyr
ene
PAHSs Non- 1-naphthol, | GCMSM | - - Urban  residents | [54]
exposure smoki | 2-naphthol, | S were exposed to
with socio- | ng 9- higher level of
demographi | gestati | phenanthrol PAHs especially in
¢ factorsand | ng , and 1- the cold season
PM2s wome | hydroxypyr
exposure n (first | ene
and
third
trimest
er)
Urinary High- | 1- GCMS B- splitless  mode, PAHSs [55]
metabolites | risk hydroxynap | electron glucuron | temperature 270 concentrations
of polycyclic | occup | htalene and | impact idase/ary | °C; helium as were similar in
aromatic ational | 2- ionizatio | Isulfatas | carrier gas some metabolites
hydrocarbon | groups | hydroxynap | n mode, | e, acetate | pressure 36 psi higher than
S in | (brick | htalene; 2- | HP 5MS | buffer (1 | with constant workers in
precarious maker | ,3- and 9- | column M, pH | flow 0.9 mL/ml occupations
workers of | s, hydroxyfluo 5.5) classified as
highly stone | rene; 1-2- carcinogenic by
exposed mason | ,3- and 4- the IARC
occupational | s, and | hydroxyphe
group mercu | nanthrene;
ry and 1-
miners | hydroxypyr
) ene
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Relationship | Urine | 1- - - - - PAHs  exposure- | [56]
between of HydroxyPyr mediated  hazard
urinary health | ene, 2- quotient was found
metabolite y HydroxyNa between 0.009 to
of PAH | subjec | phthalene, 14.92 for FLU, and

g (OH-PAHSs) |t 2- 0.005 to 8.43 for
" | level and the HydroxyFlu NAP in  sex-
oxidative orene dependent  non-
stress cancer problems
biomarker
(Malondiald
ehyde)
To explore | Urine | 1- UPLC- 0.2 M | Hypersil  Gold | LOD 0.1 | Urinary 1-OHPyr | [57]
PAHSs of hydroxypyr | Orbitrap- | sodium C18 column (1.9 | ng/mL exposure was
exposure in | childre | ene MS acetate pum, 2.1 x 100 associated  with
childhood n with (pH =5) | mm) and childhood asthma,
asthma by | asthm and B | analyzed by microbial
metabolic a and glucuron | linear  gradient diversity, and
9. | profiles 30 idase elution, mobile metabolic profiles
childre with phase methanol
n as sulfatase | and ultrapure
contro extracted | water
| by
dichloro
methane
PAHSs Coke Club  cell | HPLC- Enzyme- | - - CC16 association | [58]
exposure plant secretory FD-MS linked with  PAH and
10 effect  on | worke | protein immunos tobacco smoke
| lung rs orbent exposure and
epithelium assay reduced lung
function.
Table 3. Detection limit and concentration of Priority PAHSs.
S. Name/Abbreviation/C | Structure Detection limit | Concentration/recovery Reference
No. | AS# (M.W.)
0.01-0.05 pg/kg | 1.78-11.19 ng/kg [120]
Acenaphthene O‘O 82 + 15% with ~10 ng [121]
1. ACE 5pg wl
(83-32-9) 0.003+0.002 ng/m? in PMzs [122]
(154.21) 0.017 0.03- 0.83 pg/mg [1088]
0.01-0.06 pg/kg | 23.20- 180.77 ug/kg [121]
Acenaphthylene a - 0.020+0.010 ng/m®in PMs [122]
2. ACY OO 0.010 ND to 1.05 pg/mg [123]
(208-96-8) <10% - [1088]
(152.19)
3 Anthracene 0.01-0.02 pg/kg | 7.27- 157.50 pg/kg [122]
' ANT 0.013 0.02- 1.21 ug/mg [121]
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(120-12-7)
OOO - 0.0300.020 ng/mé in PMas [1085]
(178.23)
9.1 pg/ml 0.06+0.015; 0.51+0.29W [122]
Benz[a]anthracene 0.01-0.02 pg/kg | ND-99.97 ng/kg [121]
Bla]A OOO - 0.4100.460 ng/m® in PMzs [124]
(56-55-3)
0.013 0.02-1.22 pg/mg [1088]
(228.29)
55.5 pg/mi 0.27+0.045; 1.32+0.43" [122]
0.01-0.03 pg/kg | ND-89.31 pg/kg [121]
Benzo[b]fluoranthene ‘ 0.019 0.01-1.06 pg/me — [1254]
B[b]F OO‘O - 1.460+1.250 ng/m® in PM2s [124]
(205-99-2) Carcinogenic  potency ~ with  respect to
(253.32) 0.485 ug/g Benzo[a]pyrene-toxic equivalent (BaPTEQ) - | [108§]
0.000-0.049 pg/day
8.8 pg/ml 0.07+0.025: 0.47+0.16W [122]
0.01-0.02 pg/kg | ND-42.83 pg/kg [120]
Benzo[k]fluoranthene OO'O ) 98 + 7% with ~10 ng [121,124]
BIKIF O 0.600+0.470 ng/m in PMas [124]
(207-08-9) 0.028 0.01-1.06 pg/mg [125 ]
(253.32) 0.060 L/ Carcinogenic potency with respect to BaPTEQ - [108¢]
PV NG 0.000- 0.006 pg/day
8.8 pg/ml 0.07+0.025; 0.470.16W [120]
B OO 0.01-0.03 pg/kg | ND- 163.31 pug/kg [121]
BE:]ZF? [a]pyrene OOO 100 fg /i - [124]
(50-32-8) - 0.970+0.820 ng/m®in PMs [1254]
(253.32) Carcinogenic potency with respect to BaPTEQ -
. 8
0.066 Ho/g 0.000- 0.066 pg/day [1085]
34.3pg/ml 0.09+0.025; 0.830.40W [57]
0.018 0.56-1.37 pg/mg [121]
Chrysene OO 0.01 pg/ke ND [124]
CHR :
(228.29) Carcinogenic potency with respect to BaPTEQ - 5
0.020 no/g 0.000- 0.002 pg/day [1085]
16.2 pg/ml 0.15+0.045; 1.39+0.92" [121]
O 0.02-0.04 pg/kg | 9.58-122.70 pg/kg [124]
Fl th .
T e O. . 0.040£0.020 ng/m? in PMy s [1254]
(206-44-0) O 0.023 0.04-1.00 pg/mg [122]
i i ith BaPTEQ -
(202.26) 0.483 glg Carcinogenic potency with respect to BaPTEQ [1085]

0.000- 0.048 pg/day
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0.01-0.04 pg/kg | 14.43-77.80 pg/kg [122]
Fluorene
10. FLU 0.016 0.02-1.02 pg/mg [1254]
73.7 - - - -
(86-73-7) (166.22) 0.452 pglg g;:;:éT%g?gglzcigc;ge;;y with respect to BaPTEQ [1085]
0.02 pg/k 15.60-87.25 pg/k 122
Naphthalene ke Hexe [ ]
11 NAP 0.014 0.01- 1.05 pg/mg [1254]
' oL Carcinogenic potency with respect to BaPTEQ -
(91-20-3) (128.17) 19.440 pglg 0.000-0.0191g/day [1088]
0.01-0.02 pg/kg | 36.81-583.04 pug/kg [1254]
Phenanthrene é
12. PHE Q Q 0.026 pg/g ND - 1.00 [122]
(85-01-8) Carcinogenic potency with respect to BaPTEQ -
. . §
(178.23) 2.726 ug/g 0.020- 0.047 pg/day [1088]
30.3 pg/ml 0.11+0.015; 0.85+0.58" [122]
0.02-0.09 pg/kg | 9.42-555.14 pg/kg [120]
6.7 ng/ - 122
Pyrene ‘O 99 [122]
13. PYR OO 0.018 0.03-0.83 pg/mg [124]
(129-00-0) 0.1 ng/ml 0.10-1.51 pmol/mol [1254]
(202.26)
Carcinogenic potency with respect to BaPTEQ -
. §
0529 ng/g 0.020- 0.064 pg/day [1085]
82.9 pg/ml 0.22+0.05%; 0.80+0.22W [122]
“ 0.03-0.06 pg/kg | ND-106.94 pg/kg [120]
Indeno[1,2,3-cd]pyrene Py -
14 I[cd]P OOQ 100 pg/g Recovery 46 + 12% with <5 ng [1254]
(193-39-5) Q 0.013 0.01-1.18 pg/mg [124]
(276.34) Carcinogenic potency with respect to BaPTEQ -
. §
0.149 no/g 0.020- 0.097 pg/day [1085]
0.02-0.07 pg/kg | ND [122]
Dibenz[a,h]anthracene QOO 0.022 ND-0.01 pg/mg [125]
15. DBJ[ah]A
(215-58-7) O
0.064 pg/ - 1088
(278.35) Mg [ ]
O 55.3 pg/ml 0.27+0.05%; 0.98+0.27W [122]
0.04-0.0 k ND-124. k 124
o | Benzolghilperyiene O“ 7 ng/kg 79 nglkg [124]
oo I
0.004 ND-1.47 pg/mg [1088]
(276.34)

SSummer; WWinter; BaPTEQ- B[a]P Toxic Equivalency ‘Food sample/grilled meat; ND- Not detected
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Figure 1. PAHS: Source, Exposure, and signalling mechanism.2%:28.29
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