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ABSTRACT

Introduction: Exposure to various chemicals can occur in the workplace. Polycyclic aromatic hydrocarbons
(PAHs) are among these compounds. The aim of this study was to investigate the relationship between
exposure to PAHs and urinary metabolites among built-up roofing installers.

Material and Methods: The current case-control study, conducted in 2021 in [lam City, involved 35 built-
up roofing workers as the case group and 15 non-exposed workers as the control group. In this study, in
addition to the workers’ respiratory area, samples were taken from the urine to determine the amount
of PAHs metabolites. HPLC was used to analyze the samples. The collected data were analyzed using SPSS
software version 22.

Results: The mean concentrations of PAHs including naphthalene, phenanthrene, fluorne, pyrene, benzo(a)
pyrene, benzo (ghi)perylene and indeno 1,2,3 cd pyrene were 440.26+80.07, 70.49+24.36, 15.18+5.98,
31.21410.36, 2.15+1.41, 2.25+0.07 and 1.1840.06 ng/m3, respectively, in respiratory area of the workers.
Also, the average level of compounds 1- naphthol, 2- naphthol, 2-hydroxyfluorene, 3-hydroxyfluorne,
1-hydroxyfenanterol, 2+3-hydroxyfenanterol and 1- hydroxypyrene, present in the urine of the population,
was obtained equal to 2+1.02, 6.03%2.5, 0.18+0.15, 0.14+0.1, 0.1940.08, 0.04+0.02 and 0.34+0.26 ug/g
creatinine, respectively. Statistical test showed that the values of these compounds were significantly
different in the two groups (p <0.05).

Conclusion: Estimating the concentration of aromatic hydrocarbons in the respiratory area of built-up
roofing workers showed the noticeable exposure to these compounds, although lower than the allowable
limits. However, due to the high carcinogenic nature of these compounds, it is recommended to use
appropriate personal protective equipment such as respirators and appropriate work outfits in addition to
the technical strategies to combat the exposure.
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1. INTRODUCTION

In today’s world, exposure to chemicals in
the workplace is one of the most important ways
to get in contact with occupational hazardous
material. These substances, which enter the body
mostly through the respiratory tract and skin, have
harmful side effects that are known to cause many
diseases such as cancer and dermatitis.

Occurring in various occupations, exposure to
certain compounds, such as polycyclic aromatic
compounds (PAHs), is of great importance
due to their stability, bioaccumulation, as well
as carcinogenic and mutagenic effects. PAH
compounds are found in both gas and particle
phases due to the vapor pressure. PAHs with more
than 5 rings, such as benzo (a) pyrene, are seen as
particulate matter, and two- to three-ring PAHs,
such as fluoranthene and pyrene, are seen as both
gaseous and particulate.

In industry, asphalt fumes contain large
amounts of PAHs compounds that are commonly
encountered by workers in paving roads or
waterproofing roofs. Using heated asphalt in roof
waterproofing causes the mutagenic or carcinogenic
content of PAH in the roof waterproofing soot to

be higher than the road asphalt due to being at a
higher temperature. This is the reason why roof
waterproofing is more carcinogenic than road
asphalting. Accordingly, this study was conducted
to evaluate the levels of urinary metabolites of
PAHs through two methods: 1. monitoring of
respiratory air and 2. biological monitoring of the
exposed workers in Ilam city.

2. MATERIAL AND METHODS

Based on similar studies, the variance (S)
was 1.8, the estimation error (d) was 0.6, and the
95% confidence interval (Z_(1- a/2)) was 1.96.
Consequently, the final sample size was determined
to be 35 people. In addition, 15 waterproofing
vendors were considered as a control group for this
study.

zZ .
The sampling method in this study was based
on NIOSH 5506 [15]. After providing the required
tools and equipment, such as suction tubes filter
(PTFE) and sampling pump (SKC), calibration
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Table 1: Demographic characteristics of the study population

Variables

Age (years)

Work experience (years)
Daily working hours (hours)
Body Mass Index (BMI)
Married
marital status Single
Divorced
Illiterate
Middle school
education D.1p loma
Associate Degree
Masters
Masters and
above
Yes
No

Less than 5 M

second job

monthly
tncome More than 5 M
Smoking Yes
No
Yes
No

Hookah use
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Case (N= 35) Control (N= 15)

Mean +SD Mean +SD
44.8 + 8.98 43.27 £ 11.56
11.8 +6.36 11.13 +7.34
4.31+0.99 9.13 +1.19
25.68 + 3.25 23.73 +3.28
22 (62.86%) 7 (46.67%)
8 (22.86%) 5(33.33%)
5 (14.29%) 3(20%)
12 (34.29%) 3 (20%)
5 (14.29%) 2 (13.33%)
7 (20%) 4 (26.67%)
3 (8.57%) 4 (26.67%)
5 (14.29%) 2 (13.33%)
3(8.57%) 0
11 (31.43%) 0

24 (68.57%)
20 (57.14%)

15 (100%)
6 (40%)

15 (42.86%) 9 (60%)

21 (60%) 10 (66.67%)
14 (40%) 5(33.33%)
6 (14.29%) 2 (13.33%)

30 (85.71%) 13 (86.67%)
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pump (using soap bubble flow meter) and drawing a
standard curve was performed. Individual samples
were collected with a flow rate of 2 liter/m until
a total volume of 300 to 500 liters was achieved.
Immediately after sampling, the samples were
transferred to the laboratory by an ice flask.

At the end of the workers’ shift, the urine was
collected in a polypropylene container and after
placing the lid and label in a cold box containing
dry ice, it was transferred to the laboratory for
freezing at -70 °C. It should be noted that no special
diet was required, such as fasting or not eating
certain foods.

occupation, but without exposure, served as the
control group (Table 1). The average individual
exposure to the sum of polycyclic aromatic
hydrocarbons among both waterproofing workers
and the control group, in respiratory air and their
urinary metabolites, are given in Tables 2 to 4 and
Figures 1 and 2, respectively.

The distribution of average occupational
exposure to PAHs in the air among waterproofing
workers for naphthalene, phenanthrene, fluorene,

pyrene, benzo(a)pyrene, benzo(ghi)perylene,
and indeno(1,2,3-cd)pyrene compounds
was 440.26x80.07, 70.49+24.36, 15.18+5.98,

31.21+£10.36, 2.15+1.41, 2.25+0.7, and 1.18%0.6
ug/g, respectively. In contrast, for the control
group, exposure levels were 0.55+0.41, 0.82+0.53,
0.7240.28, 1.81+0.57, 0.4+0.29, 0.35+0.16, and

3. RESULTS AND DISCUSSION
This study involved 35 waterproofing workers
as the case group, while 15 workers in the same

Table 2: Distribution of mean occupational exposure to PAHs in respiratory air of waterproofing and control group (ng/m?)

PAHs in air Waterproofing workers (N = 35) Control group (N = 15) P ‘
Mean +SD Mean +SD
Naphthalene 440.26+80.07 0.55+0.41 <0.001
Fenantrene 70.49+24.36 0.82+0.53 <0.001
Floren 15.18+5.98 0.72+0.28 <0.001
Pyrene 31.21+10.36 1.81+0.57 <0.001
Benzo (a) Pyrene 2.15+1.41 0.4+0.29 <0.001
Benzo ghi Perylene 2.25£0.7 0.35£0.16 <0.001
Indeno 1, 2, 3 cd Pyrene 1.18+0.6 0.2940.15 <0.001

Table 3: Distribution of mean occupational exposure to PAHs in urinary metabolites of waterproofing workers and control group (ug/g
creatinine)

PAHs in urine

Waterproofing workers (N = 35)

Control group (N = 15)

Mean +SD Mean +SD
1- Naphthol 1.99+1.02 1.5+1.17 0.134
2- Naphthol 6.02£2.5 3.54+2.45 0.002
2- Hydroxyfluorine 0.18+0.15 0.1+0.05 0.051
3- Hydroxyfluorine 0.160.1 0.09+0.07 0.113
1- Hydroxy phenanthrol 0.19+0.08 0.1+0.04 <0.001
2 + 3- Hydroxy phenanthrol 0.04+0.02 0.02+0.01 <0.001
1- Hydroxypyrene 0.34+0.26 0.12+0.09 0.002

Table 4: Mean distribution of PAHs in urinary metabolites of waterproofing workers before (two days after vacation) and after the first
working day (ug/g creatinine)

Before the working day (two days after the

PAHs in urine vacation) After the first working day (end of the first
(N = 35) working day) (N = 35) Mean +SD
Mean +SD
1- Naphthol 1.99+1.02 3.87£2.06 <0.001
2- Naphthol 6.02+2.5 8.95+3.96 <0.001
2- Hydroxyfluorine 0.18+0.15 0.38+0.26 <0.001
3- Hydroxyfluorine 0.16+0.1 0.22+0.17 <0.001
1- Hydroxy phenanthrol 0.19+0.08 0.37£0.15 <0.001
2 + 3- Hydroxy phenanthrol 0.04£0.02 0.06+0.02 <0.001
1- Hydroxypyrene 0.34+0.26 0.61+0.22 <0.001
Journal of Health and Safety at Work 2024; 14(3) 597
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Fig. 1: Concentration of PAHs samples in the air of waterproofing workers (ng/m?*)
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Fig. 2: Concentration of PAH samples in urinary metabolites of control group after 2 days of closure and before the start of work shift
(ug/g creatinine)

0.29+0.15 pg/m?, respectively. Statistical test showed
that there was a significant difference between the
levels of PAHs found in the surrounding air of the
waterproofing workers compared with the control
group (<0.001). This means that the difference in
values between the two groups was significant.
Also, the distribution of mean occupational
exposure to PAHs in urinary metabolites
of  waterproofing  workers for  different
compounds including 1-naphthol, 2-naphthol,
2-hydroxyfluoren, 3-hydroxyfluoren,
1-hydroxyfenantrol, 2+3-hydroxyfenantrol and
1-hydroxypyrene was equal to 2+1.02, 6.03£2.5,
0.18+0.15, 0.14+0.1, 0.19+0.08, 0.04+0.02 and
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0.34+0.26 pg/g creatinine ,respectively. For the
control group the values were 1.5+1.17, 3.54+2.45,
0. 1+ 0.05, 0.09+0.07, 0.1+ 0.04, 0.02+0.01 and
0.12+0.09 ug/g creatinine. The results of statistical
tests between the case and control groups showed
significant differences in the levels of 2-naphthol
(p = 0.002), 1-hydroxyphenanthrene (p < 0.001),

2+3-hydroxyphenanthrene (p < 0.001), and
1-hydroxypyrene (p = 0.002).
Distribution of mean PAHs in urinary

metabolites of waterproofing workers before (two
days after vacation) and after the first working day
for different compounds including 1-naphthol,
2-naphthol, 2-hydroxyfluoren, 3-hydroxyfluoren,

Journal of Health and Safety at Work 2024; 14(3)
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1-Hydroxyfenantrol, 2+3-hydroxy phenanthrol
and 1-hydroxypyrene was equal to 199 =+
1.02, 6.02+2.50, 0.18+0.15, 0.16+0.10. 0.19 =+
0.07, 0.04+0.02 and 0.34+0.26 pg/g creatinine,
respectively, and at the end of the shift in the same
working day was equal to 3.87+2.06, 8.95+3.96,
0.38+ 0.26, 0.22+0.17, 0.37 £ 0.15, 0.06 £0.02 and
0.61+0.22 pg/g creatinine , respectively. Statistical
tests showed a significant difference between the
concentration of PAHs on the first working day
after two days’ vacation before and after shift work
(<0.001).

The results of Spearman correlation test also
showed that between naphthalene in respiratory air
with 1- naphthol (r = 0.715; p <0.001), 2- naphthol
(r =0.726; p <0.001), 2- hydroxyfluoren (r = 0.404;
p: 0.016) and 3-hydroxyfluorine (r = 0.488; p: 0.003)
there is a significant relationship. Phenanthrene in
respiratory air also had a significant relationship
with 1-hydroxy phenanthrene (r = 0.916; p: 0.000)
and 2+3-hydroxy phenanthrene (r = 0.848; p
<0.001).

There was a significant relationship between
fluorine in workers’ respiratory air with 1-naphthol
(r = 0.347; p: 0.041), 2-hydroxyfluorine (r = 0.688;
p <0.001) and 3-hydroxyfluorine (r = 0.585; p
<0.001). In addition, the correlation test showed a
significant relationship between pyrene in workers’
respiratory air and urinary 1-hydroxypyrene (r
= 0.381; p: 0.024). There was also a significant
inverse relationship between benzo (ghi) pyrene of
workers’ respiratory air and 2-hydroxyfluorine (r =
-0.411; p: 0.014).

In the present study, the work experience of
waterproofing workers and the control group were
11.8+6.36 and 11.13+7.34, respectively, which
was similar to the study of Miglani et al., with an
average work experience of 12.94+7.92. In the
study of Emanuele Cirla et al., entitled “Assessing
the Exposure of Italian Asphalt Workers to PAHs,
the average levels of naphthalene, benzo (a)
pyrene and indeno pyrene were 489, 1.45 and 0.7
ng/m’, respectively. Also, like the present study,
the statistical test showed a significant difference
between the level of exposure in the case and
control groups (p <0.05).

In the study of Fostinelli et al., the values of
naphthalene, phenanthrene, fluorine, pyrene, benzo
(a) pyrene, benzo (ghi) prilene and indeno 1,2, 3 cd
pyrene equal to 759.82, 585.85, 4.58, 182.43, 12.12,
6.17 and 3.11 ng/m’ were obtained, respectively,
which was somewhat similar to the results of the

Journal of Health and Safety at Work 2024; 14(3)

present study. Reasons for the slight differences in
the results can be attributed to sample size and type
of exposure to the source of production of PAHs. In
another study performed on 100 asphalt workers,
the concentrations of naphthalene, phenanthrene,
fluorine, pyrene, benzo (a) pyrene and indeno
pyrene were equal to 426, 51.8, 2.8, 26.3, 0.33
and 0.4 ng/m’, respectively, which was consistent
with the results of the present study. Similar to the
present study, statistical tests showed a significant
relationship for phenanthrene, fluorine, pyrene and
indeno-pyrene (p <0.01).

In Pooeniak et al’s study, the mean concentration
of individual exposure to PAHs in workers’
respiratory tract for naphthalene, phenanthrene,
fluorine, pyrene, benzo (ghi) pyrene, and benzo
(a) pyrene were 614, 78, 39, 53, 37 and 6 ng/m’,
respectively, which was somewhat consistent
with the results of the present study. In the study
of Szaniszl6 et al,, the concentrations of fluorine,
pyrene, benzo (a) pyrene and indeno-pyrene were
6.99, 12.55, 8.16 and 7.48 ng/m’ in air, respectively.
Also, the concentration of 1-hydroxypyrene in
the urine of smokers and non-smokers was 0.83
and 0.13 pg/g creatinine, respectively, which was
consistent with the results of the present study.

In another study that was performed on the
prediction of respiratory exposure to PAHs in
asphalt workers, the exposure levels of naphthalene,
phenanthrene and pyrene were 833, 385 and 57
ng/m’®, respectively, which was not consistent
with the results of the present study. The reasons
for the discrepancy include the number of people
studied and the source type of PAHs. In the present
study, the concentration of 1-hydroxypyrene
was 0.34%0.26 and 0.12+0.09 pg/g creatinine for
waterproofing workers and the control group,
respectively. However, this concentration was
higher in the Miglani study in urine samples; one
reason for the inconsistency between the results
of this study and our study is the type of the fuel
used, its volume, and the working environmental
conditions, such as a closed environment and high
temperatures. In the study of Salami et al., mean
concentrations of urinary metabolites 1-naphthol,
2-naphthol and 1-hydroxypyrene in spring were
3.31, 2.18 and 6.78 ug/g creatinine, respectively.
However, in the present study, a meaningful
difference was observed between the amount of
metabolites in the group of waterproofer workers
and the control group.

Study by Vaananen et al, to investigate the
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relationship between PAHs in respiratory air and
urinary metabolites found that 1- naphthol levels
before and after shifts were 8.2 and 13 mmol/
mol creatinine in smokers and 5.7 and 7.4 pmol/
mole creatinine in non-smokers, respectively; for
2+3-phenanthrol, the levels observed were 0.31 and
0.29 pmol/mol creatinine for smokers. Although
the results of this study did not agree with our study
on the amount of metabolites, the trend of these
values was similar in both studies. The amount of
2-naphthol in smokers and non-smokers before
and after shift in this study was equal to 5.7, 9.5 and
4.6, 5.5 mmol/mole creatinine, respectively.

4. CONCLUSIONS

The results of the present study indicated
a significant difference in exposure levels to
multi-ring aromatic hydrocarbons between the

waterproofing workers and the control group.
This discrepancy may be attributed to the workers’
proximity to the source of pollutants, which
enhances their exposure compared to those in the
control group. Therefore, training workers on the
proper use of equipment and familiarizing them
with the dangers associated with their job can
play a crucial role in reducing their exposure to
carcinogenic compounds of PAHs.
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