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Abstract

Background and Obijective: Atmospheric emissions of benzene, toluene,
ethylbenzene, and xylene (BTEX) from petrochemical facilities pose critical
environmental health concerns owing to the verified carcinogenicity of
benzene (IARC Group 1) and the neurotoxic effects of other aromatics. This
study aimed to investigate the ambient concentration, spatiotemporal
distribution, dominant emission sources, and meteorological influences on
BTEX compounds around a polystyrene petrochemical plant in the Pars
Special Economic Energy Zone (Asaluyeh, Iran).

Materials and Methods: Active air sampling was conducted using activated
charcoal sorbent tubes at a flow rate of 0.2 L/min across four fenceline
stations (North, South, East, West). Sampling covered three seasons (Spring,
Summer, and Autumn 2025; 24 daytime 8-hour samples in total). Chemical
analysis was performed via gas chromatography with flame ionization
detection (GC-FID) following NIOSH Method 1501 after carbon disulfide
(€ 5) desorption. Statistical evaluations included one-way ANOVA, Tukey's
HSD post-hoc test, and Pearson correlation analysis (& = 0.037.

Results: The overall mean X ETEX concentration was 90.4 pg/ms.
Ethylbenzene (51.22 pg/ms3; 56.7%) and toluene (38.05 pg/ms3; 42.1%)
dominated the pollution profile, collectively accounting for ~98.8% of total
emissions, whereas benzene constituted only 1.2% (1.10 pg/m?) and xylene
remained below the detection limit (MDL<0.1 pg/ms3). Spatial evaluation
revealed the highest concentration at the South station (94.4 pg/m?) and the
lowest at the North station (84.3 pg/m?), driven by prevailing wind
dynamics. A significant seasonal decline occurred from Spring (119.8 pg/ms3)
to Summer (91.2 pg/m3) and Autumn (60.1 pg/me). One-way ANOVA
confirmed statistically significant seasonal variations for toluene
(F(2,21)=7.79, p=0.003) and ethylbenzene (F(2,21)=18.59, p<0.001), but not
for benzene (F(2,21) =2.72, p=0.089). A strong negative correlation was
identified between total BTEX concentration and rainfall (r=-0.75, p<0.01),
confirming atmospheric wet scavenging. The high toluene-to-benzene ratio
(T/B=34.6) definitively identified industrial petrochemical processes, rather
than vehicular exhaust, as the primary pollution source.

Conclusion: Although mean benzene levels remained below the national
ambient threshold (5 pg/m?), the absence of a WHO safe threshold for
benzene, combined with substantial ethylbenzene and toluene loads,
underscores the urgent need for fugitive emission abatement at the
petrochemical source and continuous fenceline monitoring to safeguard
surrounding communities.
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