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Abstract

Background: Exposure to environmental Polycyclic Aromatic
Hydrocarbons (PAHs) among the general population is a global issue. PAHs
exposure causes various health issues that depend on Intensity, exposure
duration, age, health status, and genetic susceptibility. Aim: To evaluate
PAHs exposure by biomonitoring of urinary 1-hydroxypyrene (1-OHP) in
residents of West Bengal, India. Method: Urine samples were obtained from
100 individuals living in urban and rural areas. 1-OHP was quantified by
high-pressure liquid chromatography (HPLC). A structured questionnaire
was used to collect daily exposure-related information. Results: The mean
value of 1-OHP was 0.44ug/L (median 0.26pg/L) in total individuals. It
was higher in urban and male than rural and female individuals. The 95th
percentile value of 1-OHP was found higher than reference value 1.03ug/L
established by German Environment Agency. The highest 1-OHP was
observed in age group 40->40years (0.49ug/L). Low income group (LIG),
smoker males and females involved in cooking practice have significantly
high 1-OHP (p<0.0001; p=0.0002; p=0.0002 respectively). Females who
were using biomass cooking fuel had significantly high 1-OHP(p=0.002).
1-OHP in smoker travellers was 3.4-fold higher than non-smoker non-
traveller individuals. Rural females staying indoors had significantly
higher (p=0.0003)1-OHP than urban females. Conclusion: High PAHs
exposure was found in our study individuals compared to other countries.
In urban environments, traffic emissions and tobacco smoke were found
as the prime contributors, while in rural areas biomass fuel smoke was
a major contributing factor. Therefore, there is an urgent need to reduce
PAHs exposure at regulatory and individual levels.

Keywords: Environmental PAHs; Urinary 1-hydroxypyrene; Urban area;
Rural area; Smoker and traveller; Biomass fuel.

Introduction

PAHs are persistent organic pollutants (POPs). These are Omni present
and emitted into the environment during incomplete combustion of organic
substances such as coal, oil, gas and wood [1, 2, 3, 4]. These pollutants are
also present in cigarette smoke, automobile exhaust, and other sources of air
pollution [5, 6, 7]. PAHs are among the most commonly studied compounds
emitted during the burning of biomass fuels such as wood, dry dung and
coal [8,9, 10, 11, 12]. Biomass fuel burning is a major source of indoor air
pollution at the global level, and it is responsible for about 1.6 million early
deaths globally [13]. World’s half population depends on biomass fuels such
as wood, dung, dry leaves, crop residue and charcoal for their domestic energy
need [14, 15]. Generally, these solid biomass fuels are used in metal and
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clay stoves, has less oxygen supply which causes incomplete
combustion of carbonaceous fuel and consequently emission
of smoke containing a mixture of toxic pollutants including
PAHs [16]. PAHs exposure among general public occurs
regularly in their daily life from various sources of exposure
via inhalation (major way), ingestion and dermal absorption
[17, 18, 19]. Dietary PAHs exposure is mainly reported from
western food like pasta, hamburger [20]. High pyrene 1.6-
3.7ng/m3 and <0.07-0.41ng/m3 was found in indoor air using
biomass fuel [20, 21]. Huang W et al. 2006 found exposure
to environmental tobacco smoke (ETS) results in high 1-OHP
in urine of non-smokers, while Scherer G et al. 2000 does
not support this fact [22,66]. High level of urinary 1-OHP
in Indian children 14.02pg/g, 13.32pg/g and 11.9ug/g was
positively associated with polluted indoor air, traffic pollution
and tobacco smoke respectively [6]. PAHs are carcinogenic,
mutagenic, genotoxic and teratogenic in nature [23, 24,
25]. Non-carcinogenic effects include, but is not limited to,
dermatological, pulmonary, gastrointestinal, renal system,
and cardiopulmonary mortality [26, 27, 28, 29, 30, 31, 32].
These fatal effects draw more attention of researchers in
evaluating the body burden of these organic compounds [33,
34, 35, 36, 37, 38]. Ruiz-Vera et al. 2015found a significant
association between vascular function and concentration of
1-OHP [8]. Other biomonitoring studies also reported an
association between urinary 1-OHP and poor semen quality,
alteration in thyroid hormone (homeostasis) and cancer
development [39, 40]. Once PAHs get absorbed in the human
body, it metabolized into two phases. First of all, oxidized
by cytochrome P450 enzyme (CYP1A1) to a more reactive
form, and then further changed to diol-epoxides to initiate
cell transformation. In the second phase, the product formed
during the last reaction combines with glucuronic acid and
sulfates (endogenous hydrophilic compounds) to produce
sufficiently hydrophilic compounds that can easily be excreted
through urine or faeces [41, 1, 42]. 1-OHP is the main urinary
metabolite most commonly studied for biomonitoring of
PAHs preferentially excreted in urine [43]. Although, it's a
urinary metabolite of pyrene alone; It is also an indicator of
exposure to total PAHs, because environmental concentrations
of different PAHs correlate with each other [20]. The half-life
of 1-OHP in human urine is 6-35hours [19]. Pyrene is the
most commonly found compound in the class of PAHs, that
is why pyrene and its urinary metabolite (1-OHP) are most
widely used in human biomonitoring studies for assessment
of PAHs exposure [44-49, 1, 5, 8, 19]. 1-OHP is a highly
reliable, robust and established exposure biomarker of PAHs
from analytical point of view since more than two decades
[50], therefore, widely used in occupational, environmental
and epidemiological studies globally for biomonitoring of
PAHs [45, 51-65].Worldwide human biomonitoring studies
have been carried out in general populations such as Germany
[66], Canada [67], Ukraine [68], United States [70, 1], United
Kingdom [71], Korea [72], and Iran [5]. In South India Guo
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et al. 2013 monitored urinaryl-OHP (0.7pg/L). Many more
studies have reported exposure to PAHs in children also
by monitoring urinary 1-OHP [6, 7, 73-76]. The American
Conference of Governmental Industrial Hygienists (ACGIH)
suggested biological exposure indices (BEI) value for 1-OHP
is 2.5pg/L in urine. An environmental survey in Germany
established reference values (95th percentiles) of 1-OHP for
smokers (0.73ug/g creatinine, 1.03pg/L) and non-smokers
(0.30png/g creatinine, 0.53pug/L) [65,77]. To our knowledge,
there are only a limited number of studies that have examined
PAHs exposure in the Indian population, where environmental
conditions favour more gaseous forms of PAHs and promote
more inhalation intake. A few studies conducted in South
India - in adult population, in children - and one from
North India - among professional restaurant cooks - found
high 1-OHP [73, 6, 61]. Guo et al. 2013 monitored intake
(from all possible sources of exposure, measured by urinary
metabolites of PAHs and pyrene) of total PAHs (39.5ug/
day) and pyrene (11.6pg/day) in Indian population [73]. The
total PAHs daily intake among Indians was 2.9, 1.5, 1.4 and
4.5-fold higher than in Japan, Korea, Kuwait and Malaysia
respectively. While the intake of pyrene in Indians was 5.8,
4.1, 2.3 and 7.7-fold higher than Japan, Korea, Kuwait and
Malaysia respectively. Therefore, Indian population might
be at a higher risk of adverse health effects associated with
exposure to PAHs and pyrene. This situation urged for
biomonitoring of PAHs body burden in Indian population.
However, No such study for monitoring PAHs exposure in
adult population of West Bengal (Eastern India) has been
reported till now. Therefore, biomonitoring of urinary 1-OHP
was required to evaluate the body burden of PAHs among
residents of West Bengal, Eastern India. Moreover, in India,
no information is available on reference value for urinary
1-OHP to orient public health policies for reduction of
environmental exposure to PAHs. In light of the above facts,
the present work was planned for the biomonitoring of PAHs
exposure, by assessing urinary 1-OHP among general public
— those who were occupationally unexposed to PAHs, living
in urban and rural areas of West Bengal, Eastern India.
The various socioeconomic and lifestyle factors such as age,
gender, family income, smoking, cooking, and travelling
activities influencing PAHs exposure were also considered.
Indeed, this is a one of a kind study which evaluates the
association between socioeconomic, lifestyle factors, and
urinary 1-OHP as exposure biomarker tracers to PAHs in
West Bengal residents.

Materials and Methods
Study population

This cross-sectional study was conducted in West
Bengal during November 2021 - February 2022 and included
individuals aged 20 to 80years (mean age 49years). Total 100
healthy individuals (44 males and 56 females) participated
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from rural and urban areas, those who had been residing in
the study area for more than one year and did not have any
medical history or health problems. Both working and non-
working individuals were included and they did not have
any occupational exposure to PAHs. The exclusion criteria
were, participants living in industrial zone, staying at current
address less than one year. We evaluated urinary 1-OHP
as an exposure biomarker of PAHs and impact of various
socioeconomic and lifestyle factors on 1-OHP from routine
life activities among study individuals. This study protocol
was approved by Institutional Ethical Committee (approval
number 15thIEC/CNCD/5.5 dated 15.07.2021.) All the
participants were informed about research aim and then
only their consent for study participation was obtained. The
confidentiality of the study data was well ensured.

Data collection and variables’ description

To enroll the study participants, we went to their door step
and they were interviewed face-to-face using a structured
questionnaire and information related to their lifestyle
and health were collected. The questions on personal and
family history, socio-demographic and anthropometric
characteristics, employment history, residential history, and
lifestyle factors such as smoking, travelling, cooking practice
etc were asked to collect relevant information. Individuals
were grouped by age (<35years, 35-50years, >50-65years
and >65years), cooking activity (NA and Yes), smoking habit
(Yes and No), travelling activity (Yes and No), and study area
(rural and urban). They were classified into low-income group
(LIG) earning <20K/Month, middle-income group (MIG)
earning up to 50K/Month, and high-income group (HIG)
earning >50K/Month based on their monthly family income.
Women were again divided into two groups based on type of
fuel used for cooking 1) using LPG and 2) wood/dry leavess
etc. Men were also divided into two groups based on their
smoking and travelling activity 1) smoker traveller and 2)
non-smoker non-traveller. These classifications were done to
better understand PAHs exposure from ambient environment
via tobacco smoke, traffic pollutants and cooking fuel smoke.

Urine Sampling and Analysis

The morning first (mid-stream) urine sample (100mL)
was collected from all individuals for estimation of 1-OHP.
The sterilized polypropylene urine containers (Tarson)
was used to collect the urine samples. After completion of
sample collection, each sample container was labeled with
a code that represented the participant details and sample
collection date. After that all the collected samples were
brought to laboratory under refrigerated (4°C) conditions
and stored at -20°C till further analysis. To estimate urinary 1-
OHP, it was extracted from urine as described by Ifegwu et
al. 2012. [78]. In brief, urine sample (ImL), ImL of the
sodium acetate buffer solution (pH 4.6) and enzyme beta-
glucoronidase (2000units) were mixed and incubated at
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38°C overnight (about 18hours) to hydrolyze the conjugated
1-OHP. Then the incubated samples were shaken thoroughly
to homogenize. This whole content (about 3mL) was passed
through C18 solid phase extraction (SAX) cartridges. These
cartridges were pre-conditioned with 3mL methanol and 3mL
distilled water (HPLC grade). After that the SAX cartridge
was again washed with 3mL distilled water to remove water
soluble compounds from the sample matrix. Finally, the
SAX cartridge was desorbed with 2mL methanol (eluting
solvent). This final eluted solvent was injected (20ul) to
HPLC for analysis. Chromatographic analysis was performed
by HPLC (Shimadzu, Japan) coupled with system controller
(Model: SLC-10 A), connected to an automated liquid
sampler (Model: LC-10AT), Detector (Model: RF-10AXL),
column oven, and a monitor. The mobile phase used for this
analysis consisted of methanol and water (80:20V/V). It was
filtered prior to analysis by passing through 47mm, 0.2um,
hydrophilic polypropylene membrane filter. Chromatographic
condition was flow rate ImL/min; reverse phase column
dimensions 250mm, 4.6mm, and Sum (ODS-2 Hypersil) and
oven temperature was 40°C. Chromatogram of 1-OHP was
detected by fluorescence detector, excitation at 242nm and
emission at 388nm wavelengths. The run time of whole linear
gradient programme was 20 min for each sample, retention
time (RT) of 1-OHP was at 8.3minutes [78]. The precision
observed for 1-OHP was 1-4% at calibration concentration
0.25pug/L. Study recovery range between 98-114% at spiked
concentration 3xLOQ. The limit of quantification was
1.6pg/L. The results below LOD (i.e. 0.5ug/L) were taken as
instrument-measured concentration, as referred in other study
[79, 80].

Estimation of Urine Creatinine

The creatinine concentration in urine has been determined
by Jaffe method based on photometric measurement of
creatinine reaction with picric acid at 37°C (Peake and
Whiting, 2006; Weber and van Zanten, 1991). The reagent kit
for creatinine estimation was supplied by Arkray (ARKRAY,
India). The photometric measurement was done with UV-
visible spectrophotometer (Model: Lambda 45, Perkin Elmer,
USA) at 520 nm.

Statistical Analysis

The analysis of the collected data was performed using
Microsoft Excel. The levels of urinary 1-OHP were expressed
as ug/g creatinine and pg/L. The urine samples having
creatinine below 0.3g/L and above 3g/LL were rejected,
according to American Conference of Governmental
Industrial Hygienists (ACGIH) recommendation [81].
Creatinine concentration in urine between 0.3g/L to 3.0g/L
represents normal hydrates in an adult [82]. Descriptive
statistical analysis included interquartile values (25th and 75th
percentiles) and the 95th percentile values were performed by
SPSS software. The statistical significance of the difference
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between various factors among the study individuals was
analyzed using Mann—Whitney U test (for nonparametric
data).

Results

Socio-demographic characteristics of study individuals
are described in Table 1. The study initially involved a
total of 121 individuals. However, 21 individuals have
to be excluded from the study due to inadequate urine
samples, damaged sample containers and urine creatinine
falling below <0.3g/L or exceeding >3.0g/L as per ACGIH
recommendation [81]. Consequently, the final sample size
consisted of 100 individuals who were able to meet the study
criteria. Majority of individual were 35-50years age, 47%.
Most of these individuals were High School Graduates, 28%.
Highest number of individual falls in LIG category, 84%.
Individuals involved in cooking were 51%. Daily travellers
account for 29%. Smoking prevalence was only in 12% of the
total study individuals.
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Distribution of Urinary 1-OHP

Table2a summarizes 1-OHP (ug/L) results without
creatinine correction, the mean urinary 1-OHP was 0.44pug/L,
median 0.26pg/L and ranged 0.01 to 1.97pg/L. The mean
value of 1-OHP was higher in male and urban individuals than
in female and rural individuals but this was not statistically
significant for any of the groups. The 95th percentile value
of 1-OHP was found 1.51pg/L for total study individuals,
1.55pg/L for males, 1.4pg/L for females, 1.21pug/L for urban
individuals, and 1.31pg/L for rural individuals. Table2b
presents creatinine corrected 1-OHP(pug/g) results. The mean
urinary 1-OHP was 0.30pg/g, median 0.26pg/g and ranged
0.01 to 1.40pg/g. The mean concentration of urinary 1-OHP
in females (0.32pug/g) was higher than in males (0.28pg/g) but
the difference was not significant. However, urinary 1-OHP
was significantly higher (p=0.002) in urban individuals than
rural ones. The 95th percentile value of urinary 1-OHP was
1.06pg/g, 1.23pug/g, 0.92ug/g, 0.82ug/g and 1.25pg/g for
total study individuals, males, females, urban, and rural
individuals respectively.

Table 1: Socio-demographic information of study individuals (N=100)

Variables Rural N (%)
All 40(40%)
Gender
Male 16(40%)
Female 24(60%)
Age Group (years)
<35 07 (17%)
35-50 14 (35%)
50-65 09 (23%)
>65 10 (25%)
Education
No Formal Education 12 (30%)
Primary 15 (37%)
High School 7 (18%)
S Sec. School 2 (5%)
College 4 (10%)
Family Income
LIG 36 (90%)
MIG 4 (10%)
HIG 0 (0%)
Cooking
NA 18 (45%)
Yes 22 (55%)
Travelling
Yes 4 (10%)
No 36 (90%)
Smoking
Yes 2 (5%)
No 38 (95%)

Urban N (%) Total N (%)

60(60%) 100 (100%)
28(47%) 44(%)
32(53%) 56(%)
10 (16%) 17 (17%)
33 (55%) 47 (47%)
09 (15%) 18 (18%)
08 (14%) 18 (18%)
16 (27%) 28 (28%)
11 (18%) 26 (26%)
21 (35%) 28 (28%)
6 (10%) 8 (8%)
6 (10%) 10 (10%)
48 (80%) 84 (84%)
9 (15%) 13 (13%)
3 (5%) 3 (3%)
31 (52%) 49 (49%)
29 (48%) 51 (51%)
25 (42%) 29 (29%)
35 (58%) 71 (71%)
10 (17%) 12 (12%)
50 (83%) 88 (88%)

Abbreviations: LIG, low income group; MIG, middle income group; HIG, high income group; NA, not applicable
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Table2a: Urinary 1-OHP (ug/L) in total individuals according to gender and study area wise
N (%) Mean o Percentile
Range (pg/L) Median C195% Iov.vel.' p-value
(ug/L) L- Upper Limit 25th 75th g5th
Total 100(100%) 0.44+0.41 0.01-1.97 0.26 0.36 -0.53 0.11 0.75 1.51
Male 44(44%) 0.42+0.31 0.02 - 1.67 0.26 0.30- 0.54 0.05 0.16 0.79 1.55
>0.
Female 56(56%) 0.46+0.21 0.01-1.97 0.27 0.33-0.58 0.07 0.74 1.4
Urban 60 (60%) 0.4+0.2 0.01-1.97 0.27 0.33-0.56 0.05 0.1 0.69 1.21
>0.
Rural 40 (40%) 0.43+0.23 0.01-1.51 0.26 0.30-0.56 0.11 0.76 1.31
Table2b: Creatinine corrected 1-OHP concentration (ng/g) in study participants (N=100)
- - 9 P til
N(%) Mean 1-OHP Range 1-OHP Median ) C_I 95% Iowe.r | p-value ercentile
(ng/9) (ng/9) Limit- Upper Limit o5th | 75t o5
Total 100(100%) 0.30+£0.30 0.01-1.40 0.26 0.24 - 0.36 0.08 0.49 1.06
Male 44(44%) 0.28+0.31 0.01-1.40 0.16 0.19-0.37 5005 0.04 0.35 1.23
Female 56(56%) 0.32+0.31 0.01-1.25 0.22 0.24-0.40 ’ 0.07 | 049 0.92
Urban 60 (60%) 0.27+0.28 0.91-1.40 0.14 0.20-0.34 0.002 0.07 | 0.34 0.82
Rural 40 (40%) 0.43+0.43 0.01-1.25 0.26 0.30 - 0.56 ) 0.1 0.61 1.25

Variation in urinary 1-OHP with

i)

Age: The sample size of this study was insufficient to allow
for categorization of study participants into multiple age
groups, therefore they were classified only into two age
groups, <40 years and >40years of age. The highest level
of 1-OHP (0.48pg/L, 0.49ug/L and 0.4pg/L) was found in
individuals of the age group >40years for total individuals,
urban, and rural respectively (Figure 1a). Conversely, the
lowest level of 1-OHP (0.31pg/L, 0.28pug/L and 0.3ug/L)
was found in individuals of the age group <40years for
total individuals, urban, and rural respectively. 1-OHP
concentration increased from <40years to >40years
with increase in age. That variation trend in 1-OHP was
similar in all study individuals, irrespective of study area.
We also evaluated the sex differences in excretion level
of urinary 1-OHP across both the above-mentioned age
groups and found that in age group of <4Oyears male have
higher levels of 1-OHP than females, while female have
higher 1-OHP than male in age of >40years, as shown in
Figure 1b. Although, this difference was not significant in
any of the age groups.

Family income: The association between family income
and pollution exposure have very important aspect
when we talk about human health risks. The number of
individuals in the HIG was less, so the MIG and HIG were
merged for this particular analysis. The results presented
in Figure 2a, showed that the participants in LIG had
higher 1-OHP (0.57ug/l) than those in the merged
MIG and HIG (0.2pg/L), and this difference had strong
statistical significance (<0.0001). In order to evaluate
the impact of study areas environment LIG individuals
were further categorized as urban and rural LIG. Results
showed that urban LIG had higher 1-OHP (0.50pg/1) than

i)

iv)

v)

rural LIG individuals (0.46pg/l), but the difference was
not significant (Figure 2b.)

Cookingpractice: Femaleindividuals were predominantly
involved in cooking practice. Smoke emitted during fuel
burning in the cooking process was a very important
source of PAHs exposure via inhalation for females. There
were 56 female participants, they were grouped into two
categories based on their involvement in cooking food -
those who were involved in cooking (N=44) and those
who weren’t involved in cooking (N=21). Furthermore,
they were divided into two groups based on the fuel type
they were using for cooking - those who used clean fuel
(N=23) and those who used solid biomass (N=21). The
females who were involved in cooking food and using
solid biomass fuel had significantly (p=0.0002, and
p=0.002) higher urinary 1-OHP 0.50ug/L and 0.60ug/L
respectively, than those who were not involved in cooking
and used clean fuel, figure 3a, b summarizes these results.

Work environment: To investigate the effect of indoor air
on urinary 1-OHP in female individuals who were staying
at home, in both urban and rural areas, were classified
into two groups: urban and rural homemakers. 1-OHP
was significantly (p=0.001) higher in rural homemakers
(0.58pg/L) than urban homemakers (0.32pg/L). In rural
areas indoor air might have higher PAHs concentrations
leading to higher urinary 1-OHP in rural homemaker
females figure 3c.

Travelling activity: To examine the relationship between
urinary I-OHP and exposure to tobacco smoke and traffic
pollutants during travel in male individuals, they were
categorized as i) smoker and non-smoker, ii) traveller
and non-traveller, iii) smoker travel & non-smoker
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non-traveller. Notably, there were no smokers among
rural individuals and we did not find frequent travelling
160 | to consider the potential effects of traffic pollution in

‘= Rural - Urban & Total

= il rural individuals. The males who were smokers, daily
31;3 travellers, and smoker travellers had higher urinary
S 0.80 - 1-OHP (1.01pg/L, 0.59ug/L, and 1.02pg/L, respectively)
; 0.60 - than their counterparts (Figure4). The difference in
Q 3':3 1-OHP was significantly higher in smoker and smoker
— travellers (p=0.0002 and p=0.0003, respectively) than

<40Yrs(N=25, 13, 12)

40->40Yrs(N=75, 46, 29 )

Figure 1a: Evaluation of urinary 1-OHP level (ug/L) with age in
study individuals

H Male ~ Female
=
< 1.20
% 1.00 0 °
- o o C n
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S 0.60 ° P
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<40 Yrs (M=011, F=14] 40->00Yrs(M=33, F=42)

Figure 1b: Levels of Urinary 1-OHP (ng/L) in males and females
of the same age group

in non-smoker and non-smoker non-travellers males.
These observations indicate that tobacco smoke and
traffic emissions had a significant contribution to PAHs
exposure in urban smokers and smoker traveller males.

Discussion

In this study, individuals were occupationally not exposed
to PAHs and smoking prevalence was also low (12%). The
results found the mean value of 1-OHP in smoker travellers
was 3.4-fold higher than in non-smoker non-traveller
individuals. When results of our study were compared with
globally available literature, we found that mean 0.44pg/L
and median 0.26pg/L (0.30png/g; median 0.26ug/g) values
of 1-OHP found in our study individuals was higher than
found in general population of Iran (0.36pug/L) [5], Northern
India (0.38 pg/L) [61], Southern India (0.42 pg/L) [73],
United States (0.05pg/L) [1], Ukraine (0.30pg/L) [68] and
Korea (0.10pg/L) [69]. However, 1-OHP found in our study

a
b
~ 12 1.20
—
E 1 = 100
2 os 0.57  p<0.0001 ¥ a0
£ 06 = 0.46
8 5 0.60 0.30
a 04 0.2 o
3 o2 - 3 om
- 0 © o0.20
-
LIG(N=82) MIG & HIG (N=15,03) 0.00
Urban LIG{N=48) Rural LIG(N=34)
Figure 2: Urinary 1-OHP(pg/L) in study individuals a) LIG, Merged MIG and HIG; b) Urban and Rural LIG
a b B Urban Indcor
= 120 1.40 p=0.002 2:Rural Indoor
¥ 100 T = 120 - a0 ”
I e=0.0000 = 120 p=0.001 _
:’ 080 050 X100 E 1.00
S 0w ) & 0.80 oas 0.50 z 0.80 0.58
S o0 ’ g 0e0 0.3
I 040 1 0.20 % o0 % 0.40
0.20
00 B S om0 Q voo |
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Figure 3: Levels of 1-OHP (pg/L) in females based on (a) cooking activity, (b) Type of cooking fuel and c¢) Urban and rural Indoor Air
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Figure 4: Impact of tobacco smoke and traffic pollutants on levels
of 1-OHP (pg/L) in male individuals

individuals was lower than found in the general population
of Afghanistan (1.65pg/L) [83] and China (1.2pg/L) [39].
This comparison illustrates that our study population had
higher levels of urinary 1-OHP than individuals in some other
countries, but lower levels than individuals in Afghanistan
and China. Higher levels of 1-OHP in our study individuals
were supported by Guo et al. 2013, they reported high
(>10pg/day) total daily intakes (DIs) of PAHs in South
Indian population [73]. It was well reported that lifestyle,
environmental factors and sampling time influences urinary
1-OHP [84, 74, 19, 85]. In our study, urinary 1-OHP was
found below the recommended BEI (2.5pg/L) by ACGIH
[25]. The reported 95th percentile values of 1-OHP in our
study were 1.51pg/L, 1.55png/L, 1.4pg/L, 1.21ug/L, and
1.31pg/L for total individuals, males, females, urban, and
rural populations, respectively. These values were found
higher than those established after Germany Survey for
smokers (1.03pg/L) and non-smokers (0.53ug/L) [65,77].
These values are 4-times higher than those found in
firefighters before their involvement in any fire extinguishing
operation [44]. In present study, 33% of the individuals had
1-OHP higher than the recommended value (0.53pg/L) for
the unexposed general population [65]. Ruiz-Vera et al. 2015
also observed the same results in Mexican general population
[8].

Daily pyrene intake (pg/Day) by study individuals

Urinary biomonitoring studies provided a means of
evaluating the total daily intake of certain environmental
chemicals including PAHs. Urinary 1-OHP 1is prime
metabolite of pyrene alone although it is commonly used for
biomonitoring of PAHs. Therefore, we used urinary 1-OHP
data to find out total daily exposure to pyrene among study
population. The daily intake (DIs) of pyrene among our study
individuals was estimated by the following equation:

M, 1

DI =CV*—=x—

M, f

Where DI is the total daily intake of PAHs or Pyrene (ng/

day), C is the urinary 1-OH concentration (ug/L), V is the
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human daily excretion volume of urine (L/day) (assumed a
volume of 2.0 L), M1 and M2 are the respective molecular
weights of parent PAHs and its metabolite (g/mol) (i.c.
Pyrene and 1-OHP respectively), and f is the ratio of 1-OH
excreted in urine relative to the total exposure dose (values of
6.8% was used for pyrene) [73]. The estimated DI of Pyrene
among our study individuals was 12.9, 12.4, 13.5, 13.2 and
12.6pg/day for all individuals, males, females, urban and
rural respectively. Daily total intake of pyrene in our study
individuals was higher than that measured by Guo et al. 2013
and Bulder et al. 2013 in population of China, Soutern India
(Chennai, Tamil Nadu), Japan, Korea, Kuwait, and Malaysia,
while similar to that was find in Vietnam (12.6ug/day)
[73,87]. Although the value of DI for pyrene measured in our
study was well below than the reference dose (30pg/day) of
DI for pyrene recommended by US EPA [ 87, 73, 129]. Our
results showed that urban individuals had higher urinary
I-OHP than rural. Although, this difference was not
significant. The elevated 1-OHP in urban individuals might
be attributed to their higher exposure to PAHs emitted from
vehicular and industrial sources in urban environments.
Additionally, differences in lifestyle and dietary habits
between urban and rural individuals might also contribute to
this exposure difference. Several studies reported food as a
significant source of PAHs exposure, particularly through
consumption of grilled and barbecued foods [5, 88, 89, 90].
For larger PAHs such as pyrene, major route of exposure was
ingestion; while for lower-weight PAHs inhalation was main
route of exposure [1,43]. In urban individuals, consumption
of charred food, second-hand tobacco smoke, frequent use of
indoor incense and traffic pollution might cause elevatied
1-OHP, similar results were observed in other studies [5, 91,
92]. On the other hand, in rural areas, use of solid fuels such
as wood, dry dung, and dry leaves for domestic purposes
might cause higher PAHs exposure. Various works have
reported high emission of PAHs in indoor air of rural areas
due to use of solid biomass fuels [9, 10, 11, 12, 93]. We also
found that females had higher 1-OHP than male individuals.
That difference might be attributed to the fact that of 56
females, 79% (N=44) were involved in cooking food and
among them about 50% (N=21) used to cook with solid
biomass fuel. It is a well-established fact that exposure to
cooking fumes and solid biomass fuel combustion emission
leads to high PAHs exposure, that contribute to the higher
urinaryl-OHP in females [60, 94]. Moreover, the lower
excretion of urinary creatinine in females might also caused
higher levels of 1-OHP in them [75]. Our findings for higher
1-OHP in females are consistent with several studies [68, 97,
98], while inconsistent with others [5, 72]. Studies revealed
that gender is an important physiological parameter to
monitor pollutant exposure and related health effects, our
results also align with this fact [99, 100, 101]. Further, the
present study findings highlighted the importance of gender
in predicting PAHs exposure through the measurement of
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1-OHP levels in the urine of the general population.
Consideration of gender differences was further imperative in
interpreting biomarkers of PAHs exposure due to variations
in body composition and hormone levels [102]. High
proportion of adipose tissue in females might lead to increased
susceptibility for lipophilic compounds such as PAHs [102,
103]. Females might also be more exposed to PAHs through
cooking activities and spending more time indoors where
higher levels of PAHs [6, 12, 104. 105]. In our study, 79% of
the total female participants were involved in food cooking
activities, which might explain the higher levels of 1-OHP
observed in females. The findings of our study favored that
sex-specific  differences should be considered when
interpreting biomarkers of PAHs exposure [94, 60, 97, 98,
68, 5, 72, 99, 100, 101]. Various studies have explored the
link between urinary 1-OHP levels and age in different
populations, with a particular focus on children and
adolescents [1, 5, 106, 107]. This association in adult
population was very less studied particularly in general
population. We have explored this angle and found a positive
relationship between age and urinary 1-OHP, higher levels
were observed in individuals aged >40years. This trend was
same across all the study individuals, irrespective of their
location (urban or rural). This might be attributed due to more
number of individuals (almost 3-times, N=75) in that age
group, and they had high environmental PAHs because of
their daily routine and job activities, which involve both
indoor and outdoor tasks. Furthermore, our analysis of sex
differences in the age groups of <40years showed that males
had higher 1-OHP than females, while in >40years age group
females had higher 1-OHP than males. However, these
differences were not significant in either of the age group.
This difference could potentially be explained by the fact that
in both age groups, females were directly and consistently
exposed to cooking practices without any gaps, and spend
more time indoors compared to males. That was due to their
traditional roles as caregivers and homemakers, which often
require them to spend extended periods of time for cooking in
enclosed spaces. The duration of exposure is a crucial factor
in the determination of health risks. Therefore, the increased
exposure to indoor pollutants might contributed to the higher
levels of 1-OHP observed among females. In contrast, males
have gaps in their outdoor environmental exposure (such as
traffic exposure) due to weekend offs, which could explain
the gender-based differences in the same age group. Our
study is an evidence to the significant relationship between
gender-related age and levels of urinary 1-OHP in adults.
Furthermore, it was equally worth noting that due to the
limited sample size individuals were classified in only 2 age
groups, further research with a larger sample size and more
age categories might be necessary to fully understand the
relationship between age, sex, and urinary 1-OHP levels. The
study findings highlighted the need for more targeted
exposure reduction strategies for individuals in age group
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>40years, those exhibited the high environmental PAHs
exposure. Our findings revealed that LIG individuals had
significantly (p<<0.0001) higher 1-OHP than the merged MIG
and HIG. Furthermore, urban LIG had higher 1-OHP than
rural LIG individuals, although this difference was not
significant. Notably, LIG individuals were found at a higher
risk of exposure to environmental PAHs and this risk was
more aggravated by their living conditions in urban
commercial areas such as highly-trafficked roads, flyovers,
employed as house servants, labourers, street hawkers, and
tea-sellers. While, rural LIG were using non-clean fuels for
cooking purposes that might be the main source of PAHs
exposure. However, we could not find literature showing the
association between family income and urinary 1-OHP in
general public or occupational settings. It is worth noting that
our study was one of its kind to examine the association
between family income and levels of 1-OHP in urine of
general public from Eastern India. Our results provided
valuable information for understanding the relationship
between economic status and urinary 1-OHP levels in general
population. Our findings underscored the need to consider
family income as a key factor for assessment of exposure to
environmental pollutants and in development of public health
policies to mitigate the risks associated with PAHs exposure.
Females who were involved in cooking practices using solid
biomass fuel had significantly (p<0.01) higher levels of
urinary 1-OHP than those who were not involved in cooking
or those were using clean fuel. Emission of PAHs in indoor
air by combustion of solid biomass was well reported (Zhang
and Smith, 2007). In our study approximately 51% (N=21) of
females were using wood and dry leaves as cooking fuel and
spent about 2-3hours per day for cooking food for their
family. That regular prolonged exposure to cooking fumes
and smoke might lead to higher urinary 1-OHP. Studies have
reported that fumes produced during cooking processes
(frying and grilling) were significant sources of PAHs
exposure [62, 63, 61, 64, 108]. Deep frying generates higher
levels of PAHs compared to other cooking methods [62, 63].
Therefore, cooking is a significant indoor and outdoor source
of PAHs exposure. PAHs had been quantified in exhaust
stacks of restaurants [2, 94]. Indoor air polluted with PAHs
resulted in increased urinary 1-OHP 14.02pg/g [6]. In our
study those females were involved in cooking had higher
1-OHP (0.50pg/L) than that in firefighters(0.31pug/L) after
their first operation, while lower than those found in Mexican
women (4.3pg/L, in 2011), (0.82pg/L, in 2015) and African
individuals (1.5 pmoles/moles creatinine) who used wood as
cooking fuel [8, 14, 109]. Interestingly, rural females staying
indoors had significantly (p<0.01) higher 1-OHP than those
of urban females. In the field survey, it was observed that in
most of the rural houses’ kitchen was attached to the living
room and not properly ventilated, that might cause elevated
levels of indoor PAHs. Moreover, in all the households of our
study incense were used for Pooja twice a day and incense
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smoke (fumes) is well reported significant source of indoor
air PAHs [110, 104, 105]. Pruneda-Alvarez et al. 2012
reported rural and suburban areas females were the prime
victims of indoor PAHs exposure because they spend several
hours a day for cooking in front of traditionally used open fire
stoves [12]. We observed that females were regularly exposed
to cooking fume and smoke during cooking, as this was
routine practice for them twice a day. In India, females start
intermittent cooking from adolescent age, and regular cooking
typically starts after the age of 20years, particularly if they
belong to LIG. Therefore, our study highlighted that cooking
might be a significant source of exposure to PAHs in females,
but additional research is required to establish a more robust
association between cooking and 1-OHP levels. Other factors
such as cooking place ventilation, the frequency and duration
of cooking also have an impact on the level of exposure to
PAHs. Females who spent extended periods of time engaging
in indoor household activities, particularly cooking, were at
elevated risk of exposure to PAHs, which might lead to
various health disorders in the female individuals of our
study. Singh et al. 2016 reported an increased cancer
prevalence among women who had chronic exposure to
cooking pollutants [61]. Particularly in context of Indian
women who were using biomass fuel for cooking, increased
platelet activation, platelet-leukocyte complexes, pro-
inflammatory mediators, systemic inflammation, and
oxidative stress had been observed [111, 112,113].
Furthermore, chronic exposure to wood smoke has been
associated with headache, respiratory infections, asthma,
blindness [114, 115, 116], cervical cancer in females [117],
low birth weight, lung cancer, cataracts, and haematological
disorders [95, 118, 119]. According to the World Health
Organization (WHO,2009) report, indoor pollution caused by
the burning of solid biomass fuel was responsible for 64% of
deaths globally [120]. The combustion emission is responsible
for approximately 28,000 deaths per year and around 40
million cases of acute respiratory illness [121, 122]. To
mitigate cooking fuel emission exposure the Indian
government had launched Pradhan Mantri Ujjwala Yojana
(PMUY) in 2016, and the National Biomass Cookstoves
Initiative (NBCI) in 2009 to provide clean cooking fuel and
improve cooking stoves. Our study found inadequate
implementation of these government schemes in the studied
area, highlighting the urgent need for their effective
implementation. Biomonitoring can be an essential tool to
assess the extent of PAHs’ body burden and safeguarding the
health of female (those are a particularly vulnerable segment
of society) from the adverse effects of PAHs exposure. Our
results indicated smokers had significantly (p<0.01) higher
1-OHP than non-smokers, similar observations were made by
Hoseine et al. (2018) [18]. Furthermore, 1-OHP in our study
smokers were similar to (1.01pg/L) - established by a German
population survey; While in non-smoker it was lower
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(0.36pug/L) than in German non-smokers (0.53ug/L) [65,77].
Environmental tobacco smoke (ETS) is a significant source
of PAHs exposure for the non-smoker and significantly
(p<0.05) associated with elevated urinary 1-OHP in general
population [18, 88, 22]. Here, it was worth noting that in each
cigarette tobacco content varies from 1-1.5g and single
cigarette contains approximately 50ng of pyrene [18, 123].
Furthermore, second-hand tobacco smoke was also found as
a potential factor for elevated urinary 1-OHP [6,7]. However,
in some studies, the association between tobacco smoke
exposure and the excretion of urinary 1-OHP remains
controversial [22], while not in others [66]. Our results also
indicated that tobacco smoke was a significant contributor to
elevated 1-OHP in smoker individuals. In our study routine
travel was uncommon among rural individuals, the study
mainly focused on travel-related PAHs exposure in urban
male by adjusted smoking. We found travellers had higher
1-OHP than non-travellers, although that difference was not
significant. Studies from other part of India (Chennai, Tamil
Nadu) also reported weak association between 1-OHP and
traffic-related PAHs [6, 124]. While, other studies have
reported a positive association between traffic density and
urinary 1-OHP in unexposed population [6, 125, 126, 96].
Significantly high urinaryl-OHP was found in individuals
living in high traffic and industrial zone than those who were
living in residential and low traffic area zone [127,128, 74].
Likewise, our results also reported an association between
elevated 1-OHP and traffic-related emission exposure in daily
traveller individuals. These findings suggest that traffic
emissions and tobacco smoke are important contributors to
PAHs exposure among the general population. The study
highlighted the importance of reducing exposure to PAHs
from tobacco smoke and traffic emissions, particularly for
urban males who smoke and travel frequently.

Limitations

Our study sample size may not be fully representative of
the West Bengal population. Furthermore, the use of HPLC
instead of more sensitive techniques such as LC/MS may
limit the applicability of the findings to other populations.
Therefore, these limitations should be considered when
interpreting the implications of the study's results

Conclusions

In urban residents, smoking and travelling were major
contributors to PAHs exposure, while in rural residents
emissions from biomass fuel were prime contributors to
PAHs. Inhalation was the primary route of exposure in study
individuals. Females using wood/dry leaves as cooking
fuel have higher 1-OHP than those who were using clean
fuel. Females were at more risk of developing health issues
than males, as their routine engaged in cooking. The study
also witnessed inadequate implementation of the Pradhan
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Mantri Ujjwala Yojana (PMUY) and the National Biomass
Cookstoves Initiative (NBCI) scheme in the study area. The
study lacks data on dietary PAHs exposure and monitoring
of air PAHs in the study area. However, this study found that
the combination of sociodemographic and lifestyle factors
with urine 1-OHP analysis provided valuable information on
PAHs exposure in the general population during their routine
life activities. The results determined in this study from the
small sample size should be interpreted with caution, because
people’s lifestyle, environmental factors, and sampling time
influence the concentration of urinary 1-OHP. Overall, our
study provided baseline data on urinary 1-OHP in West
Bengal's adult population, which might be used for future
epidemiological studies and also for policy-making efforts
aimed at reducing environmental PAHs emissions at both the
ministerial and personal levels.
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