
Mal J Med Health Sci 22(SUPP8): 153-160, August 2026 153

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

ORIGINAL ARTICLE

Assessment of Environmental and Sociodemographic Factors on 
1-OHP and IL-6 Concentration Levels

Siti Hajar Ya’acob1, Mohd Talib Latif2, Anas Ahmad Jamhari3, Nor Ashikin Sopian4, Chang-Chuan Chan5, 
Hasmah Abdullah6, Mazrura Sahani7

1	 Environmental Sustainability Science Program, Faculty of Earth Science, Universiti Malaysia Kelantan Jeli Campus, 17600, 
Kelantan

2	 Department of Earth Sciences and Environment, Faculty of Science and Technology, Universiti Kebangsaan Malaysia 
3	 Faculty of Health Sciences, Universiti Sultan Zainal Abidin, Malaysia
4	 Faculty of Industrial Sciences and Technology, Universiti Malaysia Pahang
5	 Institute of Environmental and Occupational Health Sciences, College of Public Health, National Taiwan University
6	 School of Health Science, Health Campus, Universiti Sains Malaysia
7	 Center for Toxicology and Health Risk Studies, Faculty of Health Sciences, University Kebangsaan Malaysia.

ABSTRACT

Introduction: This study assessed polycyclic aromatic hydrocarbon (PAH) exposure and related health indicators 
among adults living in Malaysian communities with differing pollution profiles. The objective was to compare envi-
ronmental and sociodemographic risk factors associated with two biomarkers: urinary 1-hydroxypyrene (1-OHP), a 
validated indicator of internal PAH exposure, and blood interleukin-6 (IL-6), a cytokine reflecting early inflammatory 
response. The study addresses a gap in integrated biomarker-based environmental health assessments in Malaysia. 
Materials and Methods: A cross-sectional environmental epidemiology study was conducted from January to July 
2019 involving 250 adult participants from Balok Baru (industrial), Seremban (urban), and Jerantut (rural). Partici-
pants completed structured surveys capturing demographic and exposure information, while concurrent environ-
mental monitoring measured PM₁₀ and ambient PAHs. Urine and blood samples were collected to quantify 1-OHP 
and IL-6 levels. Statistical analyses examined PAH profiles and compared biomarker levels across sociodemographic 
and exposure-related factors. Results:  Ambient PAH characterisation showed higher concentrations of high-molec-
ular-weight PAHs in Balok Baru B[g]P (3.78 ± 1.59 ng m-3), D[h]A (3.23 ± 1.30 ng m-3), and I[c]P (2.59 ± 0.61 ng 
m-3) consistent with industrial emissions. Seremban and Jerantut were dominated by NAP and FLR. Urinary 1-OHP 
levels varied significantly by smoking status, residential proximity to industrial sources, and study location (p < 0.01 
to p < 0.10). No significant associations were observed for IL-6.Conclusion:  Urinary 1-OHP proved to be a sensitive 
biomarker of PAH exposure and revealed marked spatial differences across the three communities. The lack of sig-
nificant IL-6 associations suggests greater variability in inflammatory response and underscores the need for comple-
mentary or longitudinal biomarker assessments to better capture early health effects of environmental PAH exposure.
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INTRODUCTION

This study examines the impact of urbanization on 
environmental health, emphasizing the role of air 
pollution and characterzed particulate matter (PM) 
namely Polycyclic aromatic hydrocarbons (PAHs) as 
key stressors. Detailed chemical characterization of 
PM enables a more accurate assessment of exposure, 
given its variability in aerodynamic diameter, chemical 

composition, and source origin. PAHs, ubiquitous in air, 
water, soil, and sediments, are major PM constituents 
and exist as complex hydrocarbon mixtures (1, 2), also 
known as hazardous environmental pollutants generated 
primarily from incomplete combustion of organic 
materials. Classified by molecular weight into low (≤4 
rings) and high (≥5 rings) categories, PAHs originate 
from diverse sources, including combustion, traffic 
emissions, and industrial processes, and are further 
grouped into pyrogenic and petrogenic types (3, 4). 
Widespread exposure to PAHs has become a significant 
public health concern, particularly in low- and middle-
income countries where rapid industrialisation and 
urban expansion have increased pollutant burdens in 
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residential areas. In Malaysia, several industrial and 
urban communities are situated in close proximity 
to manufacturing facilities and high-traffic corridors, 
placing residents at continual risk of inhalation and 
dermal exposure. The magnitude of the problem is 
reflected globally: numerous studies from Europe, China, 
and the United States have documented significant 
associations between PAH exposure and increased 
morbidity. Recent large-scale biomonitoring evidence 
supports the utility of urinary monohydroxylated PAH 
metabolites as exposure biomarkers: in a US population 
sample, higher concentrations of several OH-PAHs 
were significantly associated with increased COPD risk 
(5) and, in China, urinary 1-OH Nap and 1-OHPyr were 
shown to distinguish different regional exposure profiles 
(6). 

Despite this, integrated assessments linking ambient 
PAH concentrations with biological markers of exposure 
and early health effects remain limited, creating a gap in 
understanding the real-world impacts of environmental 
contamination on vulnerable populations. Of particular 
concern is benzo[a]pyrene (B[a]P), a well-studied 
PAH recently classified as a human carcinogen and 
widely used as a surrogate for PAH risk estimation (7, 
8). PAHs contribute to oxidative stress through radical 
generation, triggering inflammatory responses in lung, 
vascular, and systemic tissues, thereby elevating risks 
for cardiovascular and respiratory diseases (9, 10). These 
toxicological mechanisms underscore the importance of 
biomarkers such as urinary 1-hydroxypyrene (1-OHP) 
and blood interleukin-6 (IL-6) in evaluating exposure 
and health outcomes. However, limited studies have 
concurrently evaluated these biomarkers to elucidate 
the relationship between environmental PAH exposure 
and systemic inflammation within the Malaysian 
context. Therefore, this study aims to investigate the 
association between urinary 1-OHP and IL-6 levels to 
understand better spatial variations in exposure and 
inflammatory response among Malaysian populations. 
This integrated approach aims to strengthen evidence on 
community-level exposure and contribute to improved 
environmental health risk assessment frameworks in 
Malaysia

MATERIALS AND METHODS

Study Area
This study was conducted across three locations 
representing industrial, urban, and rural settings: Balok 
Baru (Kuantan), Seremban, and Jerantut. Balok Baru, 
situated 3 km from Gebeng Industrial Area and 8 km 
from Kuantan Port (11), was identified as a PM

10
 non-

attainment area, with a 16-year average concentration 
exceeding the 50 µg/m³ threshold. Similarly, Seremban, 
an urban center, was classified as non-attainment 
based on spatio-temporal analysis of monthly PM

10
 

averages (12). In contrast, Jerantut served as a rural 
control site. Kuantan and Seremban had populations 

of approximately 491,000 and 475,000 in 2020 (13), 
covering areas of 324 km² and 935 km², respectively, 
whereas Jerantut spans 7,208 km² and is characterized 
by its rural setting.

Study Population and Sample Collection
This panel study recruited 250 adult participants (aged 
20–65 years) from communities within a 10 km radius of 
Continuous Air Quality Monitoring (CAQM) stations in 
Balok (n=85), Seremban (n=92), and Jerantut (n=73) (12), 
representing industrial, urban, and rural exposure zones. 
The age range of 20–65 years was chosen to represent 
the active adult population while reducing potential 
confounding from age-related physiological changes 
and chronic diseases. The participants were recruited 
through a stratified convenience sampling approach in 
collaboration with local community representatives in 
each study area. Households were first identified from 
community listings provided by local authorities, and 
had resided in the area for at least one year were invited 
to participate voluntarily. Recruitment aimed to achieve 
comparable representation across study sites, with 
approximate proportionality to local population size 
where feasible. The eligible participants were healthy, 
without diagnosed cardio-respiratory diseases, and age-
matched controls were selected from the low-exposure 
site in Jerantut. Exclusion criteria included residence 
or employment outside the monitored area, substance 
abuse, psychiatric disorders, dementia, renal failure, 
dialysis, active cancer, daily corticosteroid use, and 
recent acute infection (14). Informed written consent 
was obtained from all participants in accordance with 
protocols approved by the Universiti Sains Malaysia 
Research Ethics Committee (USM/JEPeM/17060309, 
approved on 19 March 2018).

Particulate PAHs Determination
Environmental PAH and PM

10
 measurements were 

collected directly by the research team using 
standardized field sampling protocols; no secondary 
environmental data sources were used. The samples 
were collected over three consecutive 24-hour periods 
to achieve sufficient particulate mass for chemical and 
oxidative potential analyses. Sampling followed U.S. 
EPA Method TO-13A (1999) with modifications (15), 
using glass fiber filters (110 mm diameter) mounted on a 
low-volume PM

10
 sampler (LVS model LV-20P, Shibata, 

Japan) operating at 20 L/min (16). Subsequently, organic 
analysis focused on PAH characterization using solid-
phase extraction followed by gas chromatography–mass 
spectrometry (GC-MS; Agilent 6890N) equipped with 
a DB-5MS fused silica capillary column (30 m x 0.25 
mm i.d., 0.25 µm film thickness) (15). GC analysis was 
performed in splitless mode with helium as the carrier 
gas (1.2 mL/min) and 1 µL injection. Quantification was 
based on a five-point external calibration (0.2–3.0 ppm), 
with quality control ensured through blanks, spikes, and 
surrogate standards (naphthalene-d8, anthracene-d10, 
chrysene-d12, perylene-d12). Extraction efficiency was 
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1-OHP and plasma IL-6 levels.

Quality Assurance and Control Procedures
QA/QC procedures included instrument calibration 
before each environmental sampling cycle, use of 
field and laboratory blanks, duplicate sample runs, 
and adherence to standard operating procedures for 
PAH extraction and biomarker quantification. Data 
management involved double-entry verification and 
internal consistency checks

RESULTS

Respondents’ Demographics, Environmental Risk 
Factors, and Composition of PAHs Species
This study recruited a total of 250 respondents who live 
in the vicinity of the three CAQM stations in Jerantut (n 
= 73), Seremban (n = 92), and Balok Baru Kuantan (n = 
85). Descriptive statistics of respondents’ characteristics 
(gender, ethnicity, age), environmental risk factors 
(distance from main road and factories, residence of 
residency, smoke exposure) are shown in Table I, 
stratified by three locations.

validated using NIST-certified reference material.

Questionnaire Survey
A structured questionnaire consisting of 45 items was used 
to collect information relevant to sociodemographic and 
exposure characteristics. The instrument was organized 
into: (i) demographic information (age, gender, and 
ethnicity), (ii) environmental risk factors (smoking 
exposure, length of stay, and environmental proximity 
such as distance from major roads or industrial areas).
The questionnaire was adapted from previously 
validated environmental health exposure instruments 
(17) and underwent cultural and linguistic adaptation 
for Malaysian respondents through a translation–back 
translation process, followed by expert review for content 
validity and clarity. Data collection was conducted 
through interviewer-guided sessions to ensure full 
comprehension and minimize missing responses. A 
pilot test was conducted among 30 adult participants 
to assess the clarity, reliability, and feasibility of the 
questionnaire, meeting the same inclusion criteria 
as the main study. The number of participants of 30, 
exceeded the minimum 10% sample requirement. 
Reliability testing yielded a Cronbach’s alpha of 0.73, 
indicating acceptable internal consistency. Minor 
revisions were made based on participant feedback 
before implementation in the main study. 

Quantification of Urinary 1-OHP and Serum 
Inflammatory Markers
Each participant provided a single urine sample and a 
single venous blood sample during the data collection 
session. Morning urine samples were collected in sterile 
containers, transported at 4°C, and stored at –20°C 
until analysis. Urinary 1-hydroxypyrene (1-OHP) was 
processed following (18), involving enzymatic hydrolysis 
with β-glucuronidase/aryl sulphatase at pH 5.0 in 
acetate buffer, incubation at 37 °C for 24 h, followed by 
extraction, enrichment, and purification. Quantification 
was performed using solid-phase extraction coupled 
with HPLC fluorescence detection, and creatinine was 
measured colorimetrically for normalization. Venous 
blood samples (5 mL) were collected in EDTA tubes, 
centrifuged at 2500 rpm for 15 min within 90 min 
of collection to obtain plasma, minimizing ex vivo 
biomarker changes (19). Plasma samples were stored at 
–20°C and later analyzed for interleukin-6 (IL-6) using a 
96-well ELISA kit (BioLegend ELISA MAX™ Deluxe Sets, 
San Diego, CA).

Statistical Analysis
Descriptive statistics (mean ± SD) were reported 
using untransformed data, while exploratory analyses 
were performed on log-transformed values to address 
non-normal distributions. Group comparisons were 
conducted using t-tests for gender differences and 
ANOVA to assess the effects of location, age group, 
proximity to roads and factories, duration of residence, 
smoking exposure, and PAH concentrations on urinary 

Table I: Descriptive statistics of participants' demographic and 
environmental risk factors at three locations.

Balok Baru Seremban Jerantut

Gender, %

      Male 29.4 42.4 32.9

      Female 70.6 57.6 67.1

Ethnic, %

      Malays 100 98.9 100

      Chinese - 1.1 -

      Indian - - -

      Others - - -

Exposure to 
smoke, %

  < 3 days/
week

24.7 22.0 45.2

  > 3 days/
week

52.9 54.3 39.7

 smoker 22.4 21.7 15.1

mean (SD) min - 
max

mean 
(SD)

min - 
max

mean 
(SD)

min - 
max

Age, years 44.94 
(11.37)

21 - 
64

39.87 
(12.65)

20 - 
65

42.48 
(12.47)

22 - 65

Residing 
duration, 
years

26.49 
(14.86)

5 - 64 21.74 
(14.18)

5 - 62 31.27 
(15.20)

6 - 63

Distance 
from facto-
ries, km

4.85 
(3.18)

0.2 - 
15

5.64 
(4.75)

1 - 30 7.86 
(4.53)

0.2 - 20

Distance 
from main 
road, km

1.95 
(2.96)

0.1 - 
15

2.47 
(3.53)

0.1 - 
20

2.03 
(3.28)

0.1 - 
20
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More female participants were sampled as the study 
respondents from all three locations, with a range 
of percentages of 57.6% - 70.6% and nearly 100% 
are Malays. The mean age was 44.94 ± 11.37, 39.87 
± 12.65, and 42.48 ± 12.47 years for respondents in 
Balok Baru, Seremban, and Jerantut, respectively. A high 
number of respondents had been exposed to cigarette 
smoke, divided into having exposure more than three 
days per week (Balok Baru = 52.9%, Seremban = 54.3%, 
Jerantut = 39.7%) and exposure less than three days per 
week (Balok Baru = 24.7%, Seremban = 22.0%, Jerantut 
= 45.2%). The percentage of active smokers involved 
in this study was 22.4%, 21.7%, and 15.1% for Balok 
Baru, Seremban, and Jerantut, respectively.  

The residence of residencywas one of the risk factors 
in this study that identified the influence of long-term 
air pollution exposure. The mean residing duration is 
26.49 ± 14.86, 21.74 ± 14.18, and 31.27 ± 15.20 years 
for respondents who live in Balok Baru, Seremban, and 
Jerantut, respectively. The minimum residency was 
restricted to five years. Hence, 10.8% of respondents 
from the total recruitment were excluded from the 
statistical analysis (Balok Baru, n = 3, Seremban, n = 
18, Jerantut, n = 6). Another risk factor that was also 
considered as a predictor variable was the distance 
from factories and main roads. The distance from the 
source of air pollutant emission, namely factories and 
main roads, may influence the number of air pollutants 
inhaled by the respective respondents. The mean 
distance from factories (in km) was 4.85 ± 3.18, 5.64 
± 4.75, and 7.86 ± 4.53 for those respondents in Balok 
Baru Kuantan, Seremban, and Jerantut, respectively. The 
closer distance to the main road (in km) was observed at 
the three locations (Balok Baru = 1.95 ± 2.96, Seremban 
= 2.47 ± 3.53, and Jerantut = 2.03 ± 3.28).  

Descriptive Analysis of PM10 and PAHs Concentrations 
by Location
The PM

10
 and total 16-PAHs measured in the three study 

areas were analysed. The recovery rate for the total 16-
PAHs analysis was between 56% and 92%. The daily 
mean concentration and mean difference for PM

10
 and 

total 16-PAHs is shown in Table II. The range of 24-
hour average of the PM

10
 and total 16-PAHs were 20.83 

– 89.12 µg/m3 and 4.21 – 13.52 ng m-3, with a mean 
value for the three days of 45.91 µg/m3 and 7.31 ng m-3, 
respectively. The highest total 16-PAHs concentration 
was measured at Balok Baru, representing the industry 
area, 13.52 ± 3.91 ng m-3, followed by two other 
locations, Seremban (urban area), 4.21 ± 0.66 ng m-3, 
and Jerantut (rural area), 4.21 ± 0.54 ng m-3. One-way 
ANOVA analysis revealed that PM

10
 and total 16-PAHs 

concentrations showed significant differences between 
industrial, urban, and rural areas. PAH concentrations 
in Balok Baru were more than three times higher than 
in the rural site (Jerantut), confirming the influence of 
industrial activities on local exposure levels. Post hoc 
analysis with Tukey’s HSD (using an α of 0.05) revealed 

that PM
10

 concentration in Balok Baru was significantly 
higher than in Seremban (p-value = 0.05) and Jerantut 
(p-value = 0.03). However, there was no significant 
difference between Seremban and Jerantut, p-value = 
0.94. The similar comparison was obtained for total 16-
PAHs (p-value = 0.006). 
Table II. Comparisons of PM10 and PAHs concentrations by locations

Mean difference (p-value)

PM10 (µg/m3) Mean ± 
SD

Balok 
Baru

Seremban Jerantut

Balok Baru 89.12 ± 
41.13

- 61.34 
(0.05**)

68.29 
(0.03**)

Seremban 27.78 ± 
9.19

- 6.94 (0.94)

Jerantut 24.31 ± 
6.04

-

Total 16-PAHs 
(ng m-3)

Balok Baru 13.52 ± 
3.91

- 9.32 
(0.006***)

9.31 
(0.006***)

Seremban 4.21 ± 
0.66

- 0.01 (1.00)

Jerantut 4.21 ± 
0.54

-

*p-value ≤ 0.1, ** p-value ≤0.05, ***p-value ≤ 0.01

PM10 Composition of PAHS
In addition to the total 16-PAHs, each compound of 
the 16-PAHs was identified and presented in Fig 1. 
Generally, PAHs' higher molecular weight (HMW) 
dominated the PAHs proportion in Balok Baru with 
the percentage value for 5- and 6-ring are 42% and 
47%, respectively. Meanwhile, the 5- and 6-ring PAHs 
proportion in Seremban and Jerantut recorded the 
range percentage value of 10% - 25% and 6% - 20%, 
respectively. Specifically, the dominant element of 
PAHs in Balok Baru are B[g]P (3.78 ± 1.59 ng m-3), D[h]
A (3.23 ± 1.30 ng m-3), and I[c]P (2.59 ± 0.61 ng m-3). 
In contrast, NAP and FLR are the dominant species of 
PAHs in Seremban (1.44 ± 0.16 ng m-3, 0.49 ± 0.13 ng 
m-3) and Jerantut (1.73 ± 0.32 ng m-3, 0.61 ± 0.25 ng 
m-3).

Descriptive and Exploratory Analysis of Urinary 1-OHP 
and Blood IL-6 Levels
The recovery rate for the 1-OHP analysis was between 84 
– 96%. The average of urinary 1-OHP concentration for 
all study subjects was 0.20 ± 0.32 µmol/mol-creatinine 
and ranged from 0.001 to 2.53 µmol/mol-creatinine 
(n=172). The average of IL-6 concentration for all study 
subjects was 5.16 ± 9.53 pg/mol and ranged from 0.04 
to 82.08 pg/mol (n=107).

Table III shows the results of the study subjects’ urinary 
1-OHP level and IL-6 by eight predictor variables. The 
results showed that smoke exposure, distance from the 
factory, and residency significantly differed in the urinary 
1-OHP level, with the significant levels being 1% and 
10%, respectively. These results indicate that smoking 
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relative to exposure events. These factors could mask 
transient cytokine elevations. Future longitudinal studies 
are recommended to better understand the temporal 
dynamics of IL-6 and other inflammatory biomarkers in 
response to environmental exposure

DISCUSSION

The environmental and biological elements of the 
sample were collected from Balok Baru Kuantan, 
Seremban, and Jerantut. Table II shows a significant 
difference in total PAHs between industrial, urban, and 
rural areas. A previous study found a concentration of 
total PAHs at the Perai station (industrial area) higher 
than that at Tanah Rata, with a value of 10.49 ng m-3 
and 0.58 ng m-3, respectively (20). This was consistent 
with another previous study performed by (4) who 
found a higher total PAHs average concentration in air 
samples collected from an urban area than in samples 
from rural areas. Generally, the average value of total 

and proximity to industrial sources significantly influence 
urinary 1-hydroxypyrene (1-OHP) levels, supporting its 
use as a sensitive biomarker for environmental PAH 
exposure. In contrast, there was no difference in urinary 
1-OHP levels when categorized by location, gender, 
age, distance from main road, and total PAHs exposure. 
Post hoc analysis with Tukey’s HSD (α = 0.05) revealed 
that only smokers (M = 0.22 µmol/mol creatinine, SD 
= 0.19) had significantly higher 1-OHP concentration 
levels than those who had been exposed to smoke for 
less than three days per week (M = 0.12 µmol/mol 
creatinine, SD = 0.15), p-value = 0.005. In contrast, 
there were no significant variables affecting blood 
markers IL-6 when differentiated by locations, gender, 
age, distance from main road and factories, residency, 
smoke exposure, and PAHs concentration (p-value > 
0.05). The absence of significant changes in IL-6 levels 
may be attributed to several factors, including inter-
individual variability in inflammatory response, the short 
half-life of cytokines, and the timing of sample collection 

Table III: Comparisons of urinary 1-OHP level (µmol/mol creatinine) and blood IL-6 by predictor variables.

 a The method detection limit of urinary 1-OHP was 0.01 ng/mL. b Compared by ANOVA test. 
c Compared by Student’s t-test. 
*p-value ≤ 0.1, **p-value ≤ 0.05, ***p-value ≤ 0.01

Variables 1-OHP, µmol/mol creatinine IL-6, pg/mol

n Mean ± SDa p-valueb n Mean ± SD p-valueb

Location

Balok Baru 52 0.17 ± 0.36 0.55 34 5.00 ± 5.92 0.64

Seremban 78 0.24 ± 0.35 34 6.03 ± 14.00

Jerantut 42 0.16 ± 0.18 39 4.55 ± 7.18

Gender

Female 70 0.17 ± 0.17 0.21c 40 4.24 ± 5.25 0.64c

Male 102 0.22 ± 0.39 67 5.71 ± 11.35

Age group

20-29 31 0.20 ± 0.29 0.46 26 8.18 ± 16.94 0.54

30-39 38 0.23 ± 0.29 24 4.83 ± 6.01

40-49 42 0.17 ± 0.34 28 4.32 ± 5.34

50-59 45 0.23 ± 0.39 25 3.45 ± 4.47

60-65 16 0.12 ± 0.19 4 4.15 ± 3.41

Distance from main road

<1 74 0.20 ± 0.36 0.54 50 4.16 ± 5.91 0.39

1-5 73 0.17 ± 0.21 41 7.10 ± 13.77

6-10 12 0.30 ± 0.50 11 3.51 ± 2.62

11-15 3 0.13 ± 0.05 2 2.18 ± 0.19

>16 2 0.36 ± 0.43 -

Distance from factory

<1 6 0.30 ± 0.25 0.06* 7 4.66 ± 3.65 0.27

1-5 67 0.16 ± 0.33 38 6.22 ± 13.48

6-10 54 0.19 ± 0.32 39 4.80 ± 6.68

11-15 8 0.21 ± 0.15 7 8.55 ± 11.82

>16 37 0.25 ± 0.34 16 2.28 ± 1.49

Residency

5-10 46 0.26 ± 0.41 0.08* 35 5.68 ± 7.14 0.30

11-30 73 0.20 ± 0.33 44 6.24 ± 13.21

31-65 31 0.12 ± 0.16 20 3.49 ± 2.68

Smoke exposure

< 3 days/week 44 0.12 ± 0.15 0.007*** 31 6.00 ± 7.91 0.28

> 3 days/week 90 0.23 ± 0.41 53 5.12 ± 11.69

Smoker 38 0.22 ± 0.19 23 4.12 ± 5.21

Total PAHs 172 7.02 ± 4.29 0.68 107 7.17 ± 4.36 0.70
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PAHs in this current thesis (7.31 ng m-3) was much lower 
than the PAH concentration reported by (4) and (21), 
which ranged from 26-189 ng m-3 and 21.7-30.8 ng m-3, 
respectively. 

Figure 1 shows that the composition of PAH species 
was different between industry, urban, and rural areas. 
The high molecular weight of PAHs, namely B[g]P, D[h]
A, and I[c]P, dominated the PAHs proportion in Balok 
Baru. Similarly found by the previous study, ~70% of 
the total PAHs mass was dominated by high molecular 
PAHs (e.g., Benzo[e]pyrene and Benzo[ghi]perylene) at 
the sampling site near to industrial area (21). On top 
of being categorized as an industrial area, Balok Baru's 
location was near the coastal area, which may have 
been influenced by sea-salt aerosol generation. A study 
stated that drying sea spray droplets generates aerosol 
particles (22). (23) found that marine aerosol was one 
of the possible fine and coarse particle sources from 
their study location on the eastern coast of Peninsular 
Malaysia. The air-sea exchange turbulence caused 
volatilization, which is considered a relevant source of 
PAHs (24).

mol creatinine), aged 40-49 (0.26 µmol/mol creatinine), 
aged 50-59 (0.12 µmol/mol creatinine) and aged 60-
65 (0.03 µmol/mol creatinine). The third significant 
variable was distance from the main road. Respondents 
who live between six to ten kilometers from the main 
road significantly had highest 1-OHP concentration 
(0.37 µmol/mol creatinine). Results for smoke exposure 
indicated that respondents who were smokers and 
being exposed to smoke more than three days per week 
had the highest 1-OHP concentration (0.25 µmol/mol 
creatinine). 

Table III showed the mean comparison of urinary 
1-OHP and blood IL-6 by seven environmental risk 
factors using t-test and ANOVA. Results revealed that 
only variables like distance from factory (p-value < 0.1), 
residency (p-value 0.1) and smoke exposure (p-value 
< 0.01) significantly differed the mean urinary 1-OHP 
concentration. In contrast, not any environmental 
risk factors, including PM

10
-PAHs, were found in this 

current study, significantly influence the blood IL-6 
concentration (p-value> 0.05). Thus, this current study 
did not provide clear evidence on blood IL-6 associated 
with the environmental risk factors, including PM

10
-

PAHs. However, a previous study by (26) found that 
particulate matter induces IL-6 production, potentially 
linking with thrombotic events. A more recent study by 
(27) indicated a significant association between PM

10
 

and PM2.5 with sputum IL-6 concentration level among 
children living in urban areas. (28) revealed that PAHs 
metabolites were significantly associated with IL-6, 
and high PAHs exposure intensified the association of 
inflammation and Heart Rate Variability (HRV).    

This study has several limitations that should be 
acknowledged. The cross-sectional design limits causal 
inference between exposure and biomarker responses. 
The sampling method (e.g, sample size) may limit the 
generalizability of the findings, and subgroup analyses 
were constrained by the limited participant numbers. 
Variability in biomarker levels due to individual 
physiological differences and short-term fluctuations 
could also influence the results. Additionally, reliance 
on self-reported data for smoking and occupational 
exposure may introduce recall or reporting bias. Future 
studies employing larger cohorts and longitudinal 
designs are recommended to strengthen the evidence 
and capture temporal trends in exposure and biomarker 
dynamics.

CONCLUSION

The chemical characterization of ambient PAHs revealed 
that Balok Baru was dominated by high-molecular-
weight PAHs B[g]P, D[h]A, and I[c]P. In contrast, NAP 
and FLR are the dominant species of PAHs in Seremban 
and Jerantut. As mentioned previously, this research did 
not find a conclusive significant effect of PM

10
-PAHs on 

IL-6 and 1-OHP after analyzing their mean comparison 

Fig 1: Daily mean concentration of each PAHs compound at the three 
locations

In contrast, the low molecular weight of PAHs, namely 
NAP and FLR, was the primary PAH species found in 
Seremban and Jerantut. NAP and FLR belonged to 
the lower molecular weight (LMW) of PAHs, exist 
predominantly in the gas phase due to their relatively 
high vapor pressure (24). The LMW of PAHS were 
commonly found in the urban atmosphere and highly 
reactive with other pollutants to produce more toxic 
secondary pollutants/derivatives (25).

The respondents who live in Seremban (urban area), had 
the highest mean urinary 1-OHP concentrations (0.24 
µmol/mol creatinine) than Balok Baru (0.12 µmol/mol 
creatinine) and Jerantut (0.16 µmol/mol creatinine). 
There was a significant decrease in 1-OHP concentration 
found as the age group increased as follows; aged 20-
29 (0.27 µmol/mol creatinine), aged 30-39 (0.27 µmol/
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separately, however, the findings support the integration 
of urinary 1-hydroxypyrene (1-OHP) monitoring in 
community-level environmental health assessments and 
underscore the need for complementary biomarkers. 
This approach can enhance environmental health 
surveillance and facilitate the early detection of pollution-
related health risks. Moreover, it is suggested to employ 
other analyses as the biomarker analysis is complex and 
cannot be justified using a single measure. IL-6 alone 
was not suitable to be associated with the potential 
exposure; hence, the need to simultaneously test with 
1-OHP as two dependent variables for future research, 
such as using multiple regression modeling to identify 
independent predictors of urinary 1-hydroxypyrene 
(1-OHP) and interleukin-6 (IL-6) concentrations. Such 
an approach would enable the control of potential 
confounding factors, including age, smoking status, and 
distance from pollution sources, thereby providing a more 
comprehensive understanding of exposure–response 
relationships. Another methodological limitation is 
that, although a formal a priori power analysis was not 
conducted, the total of 250 participants provided an 
approximate 95% confidence level with a 7% margin 
of error, assuming a population proportion of 50%. 
This sample size was deemed sufficient for exploratory 
analysis and aligned with participant numbers reported 
in comparable environmental biomonitoring studies. 
Future research should incorporate formal power and 
effect size estimations to optimize sample adequacy for 
detecting exposure–response associations.
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