
INTRODUCTION

Air pollution in the vicinity of waste 
disposal sites has become a serious 
concern for environmental health, 
particularly due to the practice of open 
burning of waste, which produces 
hazardous pollutants. Polycyclic aromatic 
hydrocarbons (PAHs) are organic 
compounds formed from the incomplete 
combustion of organic materials such as 
waste, plastics, and fossil fuels (Hong et 
al., 2023; Sombiri et al., 2024). Workers at 
waste recycling sites are exposed to 
particulate matter and PM2.5-associated 
PAHs (Kwarteng et al., 2022). This issue is 
particularly specic and crucial for waste 
pickers, especially women, who work in 
landll areas without adequate protection. 
Waste pickers in low- and middle-income 
countries work on dumps and landlls 
and are exposed to a wide range of health 
hazards (Gutberlet & Uddin, 2018). 
Chronic exposure to smoke and dust 
containing lipophilic compounds 

Exposure to polycyclic aromatic hydrocarbons (PAHs) from open waste burning and 
contaminated dust at temporary waste collection sites (TPS) may trigger systemic 
inammation, particularly among female workers routinely exposed. This study assessed the 
association between urinary 1-hydroxyphenanthrene (OHPHE1), a biomarker of PAHs 
exposure, and white blood cell (WBC) count, an indicator of systemic inammation. An 
analytical cross-sectional study was conducted among 35 female waste-sorting workers at 
TPS. Urinary PAHs metabolites (OHPHE1, OHPHE2, OHNAP) were measured in urine, 
and WBC counts were obtained from blood examinations. Spearman correlation showed a 
signicant positive association between urinary OHPHE1 and WBC count. OHPHE2 showed 
a positive trend that did not reach statistical signicance, whereas OHNAP showed no 
association. These results suggest that PAHs exposure, particularly as reected by OHPHE1, 
may contribute to systemic inammation among female TPS workers. Reducing open burning, 
improving personal protective equipment use, and implementing routine biomonitoring-based 
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The Relationship between Urinary Exposure to PAHs (1-Hydroxyphenanthrene) 
and Inflammatory Biomarkers in Female Waste Workers

 The vulnerabil i ty  of  female 
workers in the informal TPS sector is of 
particular concern due to a combination of 
occupational exposure and biological 
factors. Female waste pickers are often at 
the forefront of exposure to combustion 
f u m e s ,  a n d  t h i s  v u l n e r a b i l i t y  i s 
exacerbated by limited personal protective 
equipment and socioeconomic factors 
(Farina et al., 2025). Occupational PAH 
exposure has  also been l inked to 
reproductive and fertility implications 
(Montano et al., 2025). When PAHs from 
the environment are inhaled or enter the 
body, these compounds are metabolized 

increases the risk of toxin accumulation in 
the body, which is much higher than in the 
general population (Farina et al., 2025). 
This risk is compounded by the persistent 
nature of PAHs and their ability to cause 
serious health effects such as respiratory 
tract cancer and other systemic disorders 
(Farina et al., 2025).
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 Biologically, the entry of PAHs 

into the body does not simply result in 

chemical residues, but triggers a complex 

immune response. Exposure to PAHs is 

known to activate aryl hydrocarbon 

receptors (AhR), which play a role in 

altering immune responses and the 

expression of inammatory genes (Farina 

et al., 2025). Chronic PAH exposure also 

alters metabolic proles in humans (Wang 

et al., 2015). This process triggers oxidative 

stress, which then stimulates the release of 

proinammatory cytokines and increases 

the production of white blood cells 

(WBCs) as an indicator of systemic 

inammation (Lim & Kim, 2024). Such 

inammation is considered the bridge 

between exposure to pollutants and the 

emergence of various chronic diseases 

relevant biomonitoring approach for 

assessing occupational exposure among 

female workers in high-risk waste 

collection environments.into hydroxyl 

forms and excreted in urine (Farina et al., 

2025). One specic metabolite that is stable 

and capable of reecting environmental 

PAH exposure ,  part icular ly  from 

phenanthrene, is 1-hydroxyphenanthrene 

(1-OHPHE) (Farina et al., 2025). Therefore, 

the detection of 1-OHPHE in urine is a 

highly relevant biomonitoring method for 

measuring the magnitude of internal 

exposure received by female workers in 

such high-risk environments.

 Although the toxicity pathway of 

PAHs has been extensively studied, 

studies on the direct relationship between 

specic 1-hydroxyphenanthrene (1-

OHPHE) metabolites in urine and 

leukocyte inammatory biomarkers still 

show limited and inconsistent results 

(Farina et al., 2025). Most previous studies 

have focused on the general population, 

children, or formal industrial workers, so 

specic data on female workers in the 

waste management sector is still very rare. 

However, understanding this correlation 

is very important to prove the real impact 

of waste incineration pollution on the 

immune systems of the most vulnerable 

workers. The uncertainty regarding the 

strength of the correlation between 

internal PAH doses and inammatory 

responses in this group of informal 

workers needs to be addressed through 

empirical research.

 Based on the urgency of this issue, 

this study aims to analyze urinary 1-

hydroxyphenanthrene (1-OHPHE) levels 

a s  a n  e x p o s u r e  m a r k e r ,  i d e n t i f y 

inammatory biomarker proles through 

(Farina et al., 2025; Lim & Kim, 2024). The 

relationship between exposure sources at 

TPS, metabolism into 1-OHPHE, and the 

emergence of an inammatory response in 

the form of an increase in leukocytes is 

illustrated in the conceptual framework in 

Figure 1. 
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Figure 1 

PAH Exposure Pathways and Inammatory Response



 The research subjects were female 
waste pickers who were exposed to 
combustion smoke and dust at the TPS 
location every day. Through a strict 
sampling technique (purposive), 35 
respondents who met the inclusion and 
exclusion criteria were selected. The main 
criteria included female workers of 
productive or fertile age (±15–49 years), 
given that this age group still has an active 
hormonal cycle that can biologically affect 
the sensitivity of hematological responses 
to exposure to chemicals such as PAHs. 
PAHs have also been shown to affect 
pregnancy, the placenta, and placental 
trophoblasts, which adds to the concern 
for women of reproductive age (Dai et al., 
2023). This sample size was considered 
adequate for a preliminary study with a 
c r o s s - s e c t i o n a l  d e s i g n  t o  d e t e c t 
correlations between the variables 
studied.
 Ethical aspects were a top priority 

RESEARCH METHOD 

leukocyte counts, and examine the 

relationship between the two in female 

waste pickers at TPS. This study is 

expected to ll the gap in local data on the 

health impacts of work in the informal 

sector. In addition, the results of this study 

can provide a strong scientic basis for 

stakeholders in designing more effective 

occupational health interventions and 

safer waste management policies for 

female workers.

The study used an observational analytical 
design with a cross-sectional approach, in 
which PAH exposure and inammatory 
response measurements were taken at the 
same time. This approach was chosen 
because it is efcient and commonly used 
to examine the initial relationship between 
exposure biomarkers and inammatory 
parameters. In this study, urinary 
OHPHE1 served as the independent 
variable, while WBC count served as the 
dependent variable. The cross-sectional 
design was considered practical and 
appropriate for describing the initial 
relationship between PAH exposure and 
systemic inammation.

 The data analysis began with a 
normality test using the Shapiro–Wilk 
method to examine the distribution of 1-
OHPHE levels and WBC counts. The test 
results showed that the data were not 
normally distributed, so the correlation 
analysis  was continued using the 
Spearman nonparametric test. This test 
aims to assess the strength and direction of 
the relationship between exposure 
variables and health effects. In addition, 
simple linear regression analysis was also 
applied to model quantitative relation-
ships, allowing researchers to predict the 
magnitude of changes in leukocyte counts 
as urinary 1-OHPHE levels increase. 
Interpretation of the results was based on a 
predetermined level  of  s tat is t ical 
signicance (p < 0.05).
 To strengthen the interpretation of 
eld ndings, this study also integrated 
literature review methods. The empirical 
data obtained were compared and 
discussed alongside relevant journal 
articles that examined the relationship 
between urinary PAH metabolites and 
hematological biomarkers in various 
populations. The combination of rigorous 
quantitative statistical analysis and in-
depth literature review is expected to 
provide a comprehensive understanding 
of the mechanism of the impact of TPS 

in conducting this study. The research was 
d e c l a r e d  e t h i c a l l y  s o u n d  b y  t h e 
Universitas Muhammadiyah Lamongan 
Health Research Ethics Committee with 
the issuance of Ethical Clearance letter 
number 133/EC/KEPK–S3/04/2025. All 
research procedures were carried out in 
accordance with the principles of respect 
for persons, benecence, and justice. 
Before collecting urine and blood 
specimens, all respondents were given 
detailed explanations about the purpose 
and medical procedures to be performed 
and were asked to voluntarily sign an 
informed consent form. The condent-
iality of respondent data was fully 
guaranteed through a numerical coding 
system, and biological samples were 
handled in accordance with biosafety 
standards for mutual safety.

Environmental Pollution Journal, 6 November 2026: 168-175 | 170



environmental exposure on the health 
prole of female workers, particularly in 
relation to the risk of inammation.

RESULTS AND DISCUSSION
The analysis of the relationship between 
exposure biomarkers and inammatory 
response in this study is visualized 
through a correlation matrix in Figure 2. 
Visually, the heatmap illustrates the 
pattern of relationships between variables, 
where brighter or more intense colors 
indicate stronger correlations. There is a 
consistent positive correlation among 
exposure biomarkers (OHNAP, OHPHE1, 
and OHPHE2), especially between the two 
phenanthrene metabolites (OHPHE1 and 
OHPHE2), which have a fairly high 
correlation. This is reasonable considering 
that both originate from the same parent 
compound. However, the main focus of 
this visualization is on the last column, 
namely the relationship between PAH 
metabolites and white blood cell (WBC) 
count. Here, OHPHE1 shows the most 
prominent color intensity indicating a 
positive correlation compared to other 
metabolites, providing an initial signal 
that this metabolite variant has the 
strongest biological relevance to the 
inammatory response in the study 
subjects.
 The Spearman correlation test 

results conrmed the relationship pattern 
previously illustrated in the heat map. A 
signicant positive correlation was found 
between urinary 1-hydroxyphenanthrene 
(OHPHE1) levels and leukocyte counts in 
female workers at the TPS (r  = 0.346; p = s

0.042). This value indicates that an increase 
in OHPHE1 levels, as an indicator of 
internal exposure to Polycyclic Aromatic 
Hydrocarbons (PAHs), is associated with 
an increase in leukocyte count as a 
sy s t emic  inammat ory  response . 
Biologically, this nding indicates that 
exposure to PAHs from waste incineration 
activities has the potential to trigger 
immune system activation through 
inammatory mechanisms.

 N a p h t h a l e n e  m e t a b o l i t e s 
(OHNAP) showed no signicant 

 Another phenanthrene metabolite, 
OHPHE2, showed a similar positive 
correlation (r  = 0.326), but did not reach s

statistical signicance (p = 0.056). 
Although the association was borderline 
signicant, the consistent relationships 
o b s e r v e d  f o r  b o t h  p h e n a n t h r e n e 
metabolites support a potential link 
between PAH exposure and inammatory 
responses. The difference in signicance 
levels may be inuenced by individual 
metabolic variations, limited sample size, 
or differences in biomarker sensitivity in 
reecting cumulative exposure.

171 |

Source: Processed Primary Data, 2026
Figure 1 

PAH Exposure Pathways and Inammatory Response

Wardhani et al. 1-OHPHE and Inammatory in Female Waste Workers 



 These ndings are consistent with 
previous international studies reporting 
associations between urinary PAH 
metabolites and inammatory bio-
markers. The Flemish Environment and 
Health Study (FLEHS-4) showed that 
urinary hydroxylated PAH metabolites 
were associated with biomarkers of 
chronic endocrine stress, oxidative stress, 
and  inammat ion  in  ado lescents 
(Verheyen et al., 2021). Arachidonic acid 
metabolism and inammatory biomarkers 
have likewise been associated with PAH 
exposure (Lin et al., 2022), and co-exposure 
to PAHs and phthalates was associated 
with blood cell-based inammatory 
biomarkers in children (Zhao et al., 2022). 
In addition, a meta-analysis of reghters 
showed that increased OH-PAH levels 
after exposure correlated with oxidative 
stress and the risk of systemic disorders 
(Hwang et al., 2022). The consistency of 
these ndings suggests that PAHs have a 
relatively uniform pathophysiological 
mechanism in triggering inammatory 
responses through oxidative stress and 
immune activation pathways. Urinary 
PAH metabol i t es  have  a l so  been 
associated with serum C-reactive protein 
(Everett et al., 2010). Analyses of NHANES 
2001–2006 data likewise reported that 
urinary PAH biomarkers were positively 
associated with serum C-reactive protein 
and total WBC count, with the association 

correlation with leukocyte count (r  = s

0.152; p = 0.382). This difference can be 
e x p l a i n e d  b y  t h e  t o x i c o k i n e t i c 
characteristics of naphthalene, which is 
more volatile and tends to reect short-
term or uctuating exposure, such as 
vehicle exhaust or transient environ-
mental  sources (Zhu et  al . ,  2021). 
Phenanthrene, as a compound with a more 
complex aromatic ring structure, binds 
more easily to ne dust particles and is 
m o r e  p e r s i s t e n t  i n  c o m b u s t i o n 
environments. These properties allow for 
more stable and cumulative exposure, 
making its metabolites, particularly 
OHPHE1, more representative indicators 
of chronic exposure burden at TPS (Wu et 
al., 2022).

more evident in men (Alshaarawy et al., 
2013). However, the evidence is not 
entirely uniform: an analysis of NHANES 
2001–2004 data found no clear association 
between urinary PAH metabolites and 
white blood cell count among nonsmokers 
after controlling for tobacco exposure 
(Clark III et al., 2012). This underlines the 
importance of accounting for smoking and 
other confounders when interpreting 
biomarker associations, which was not 
possible in the present preliminary study.

 The results of this study emphasize 
the importance of improving waste 

 The implications of these ndings 
are highly relevant for informal sector 
workers in TPS, who are generally not 
covered by formal occupational health 
systems (Yang et al., 2018) Informal waste 
pickers also commonly work under unsafe 
conditions and are often unaware of the 
health risks they face (Uddin et al., 2021). 
Chronic exposure without adequate 
personal protective equipment (PPE) 
increases the risk of toxin accumulation in 
the body. Therefore, the implementation of 
simple biomonitoring through periodic 
OHPHE1 urine tests and leukocyte counts 
can be considered as an efcient and 
relatively affordable occupational health 
surveillance strategy (Louro et al., 2022). 
This approach allows for the early 
detection of biological changes before they 
develop into more severe cl inical 
conditions.

Research on other worker populations also 
supports the clinical relevance of this 
relationship. Navarro et al. (2019) reported 
that hydroxyl PAH metabolites are 
associated with respiratory and cardio-
vascular dysfunction in individuals 
exposed to diesel emissions. A large-scale 
study by Liu et al. (2021) also concluded 
that PAH exposure contributes to low-
grade chronic inammation that plays a 
role in the pathogenesis of cardiometabolic 
diseases. Thus, the increase in leukocyte 
count in female workers at TPS can be 
understood as an early indicator of an 
inammatory response due to chronic 
toxin exposure that has the potential to 
develop into long-term health disorders.
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Based on the overall research results, it 
can be concluded that exposure to 
Polycyclic Aromatic Hydrocarbons 
(PAHs), as reected in urinary OHPHE1 
levels ,  has  a  s ignicant  pos i t ive 
correlation with leukocyte count as an 
indicator of systemic inammation in 
workers  in  the  waste  process ing 
environment. These ndings indicate that 
increased exposure to PAHs has the 
potential to trigger an inammatory 
response in the body, although not all 
PAH metabolites show a statistically 
signicant relationship. The results of this 
study emphasize the importance of using 
biological biomarkers in assessing the 
impact of environmental exposure on 
health and the need for PAH exposure 
prevention and control efforts to protect 
worker health, especially in high-risk 
work groups.

CONCLUSION
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