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Abstract
Objectives: The aim of the study was to characterize the PAH exposure level based on 1-hydroxypyrene (1-HP) in urine of 
Polish pregnant women and to assess the relationship between PAH and factors such as smoking, environmental tobacco 
smoke exposure, place of residence, heating and cooking method. Materials and Methods: The study population included 
in this analysis consisted of 449 pregnant women who had been the subjects of the prospective Polish Mother and Child 
Cohort study performed in 8 regions of Poland. The women were interviewed three times during pregnancy (once in each 
trimester). 1–HP concentration in urine was chosen as the biomarker of exposure to PAH. The urine sample was analysed 
using high performance liquid chromatography (HPLC). The active and passive smoking exposure was verified by saliva 
cotinine, analysed by high performance liquid chromatography coupled with tandem mass spectrometry (LC-MSMS) and 
isotope dilution method. Results: 1-HP concentration in urine ranged from 0.02 to 10.2 μg/g creatinine with the geometric 
mean (GM) 0.4 μg/g creatinine. The significantly higher concentration of urinary 1-HP in pregnant women was observed 
for summer collection (GM ratio: 1.1; p = 0.01), among smokers (GM ratio: 1.7; p < 0.001) and for the women living in big 
cities (GM ratio: 1.3; p = 0.001). Conclusions: The significantly higher concentration of urinary 1-HP in pregnant women 
was observed for summer collection, among smokers and those living in big cities.
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but when  the exposure from other sources is important, 
the contribution of the dietary intakes to the overall ex-
posure is negligible  [4,5]. Ambient air pollution levels 
are related to the industry in the area, intensity of traffic, 
amount and sources of residential heating and meteoro-
logical conditions. 
The published data evaluated the  PAH exposure among 
pregnant women mostly based on personal air monitoring 
or PAH-DNA adduct levels. Detailed analysis of environ-
mental exposure to PAH derived from US and Polish co-
horts of pregnant women shows that personal PAH exposure 
was 10-fold higher in Kraków than in New York City (NYC) 
(average:  39.1  ng/m3; range:  1.8–272.2  ng/m3 for  Kraków 
women vs. 3.3 ng/m3, range: 0.5–22.1 ng/m3 for NYC African 
Americans and 3.7 ng/m3; range: 0.3–36.5 ng/m3 for NYC 
Dominicans) [6]. 
The studies have indicated that diesel fuel combustion con-
tributes to ambient PAH in NYC, whereas coal burning in 
small furnaces is a major source of PAH in Kraków [7,8]. 
The analysis of the predictors of personal PAH exposures 
was performed by Tonne et al. [7]. In that study the personal 
exposure of 344 women from NYC ranged from 0.06 ng/m3 
for dibenz[a,h]anthracene (DahA) to 4.1 ng/m3 for pyrene. 
Mean  BaP concentration was  0.5  ng/m3. Multiple linear 
regression analysis revealed association between person-
al PAH exposure and several variables, including seasonal 
effect, time spent outdoors, residential heating and indoor 
burning of incense. 
The additional analysis performed in Kraków indicated 
that the nine analysed  PAH and  ∑8c-PAH personal in-
door, and outdoor levels were more than  10-fold high-
er in winter than summer  [9]. The outdoor  PAH level 
alone accounts for  93% of total variability in personal 
exposure during heating season. During the nonheating 
season a 1-hr increase in environmental tobacco smoke 
(ETS) exposure was associated with  10–16% increase 
in personal exposure to  PAH and  1°C decrease in am-
bient temperature was associated with 3–5% increase in 

INTRODUCTION

Polycyclic aromatic hydrocarbons (PAH) are a  group of 
compounds, comprising two or more fused aromatic rings, 
that are formed as a result of incomplete combustion of 
organic matter. Sources of environmental contamination 
can be both industrial and nonindustrial, the most com-
mon sources being cigarette smoke, grilled and smoked 
food processes, coal-fired utilities, steel plants, coke-oven 
plants, graphite electrode manufacturing plants, Söder-
berg aluminium electrolysis plants, vehicle exhaust, wood-
burning ovens and fireplaces.
Because PAH exposure occurs as an exposure to mixture 
of compounds, pyrene and its main metabolite,  1-hy-
droxypyrene (1-HP), are considered appropriate sur-
rogate markers of total PAH exposure. The level of this 
biomarker can be assessed in urine. Complete urine col-
lection may be difficult to achieve due to forgetfulness, 
misplacement of samples, insufficient container capacity, 
erroneous inclusion of urine from the first void, or loss of 
urine during defecation. Furthermore, it may be inconve-
nient for individuals performing their routine activities 
to carry containers of urine; this certainly acts to reduce 
the number of people participating in the study. Thus, the 
easiest and more convenient way is to collect smaller vol-
umes and combine the biomarker measurement with the 
determination of creatinine — a measure of diuresis [1]. 
Smoking is the major source for PAH exposure for sub-
jects not occupationally exposed to PAH, so in the studies 
evaluating the impact of such exposure (relating to am-
bient air pollution) on pregnancy outcome, verification 
of smoking status in pregnancy period seems to be the 
standard. Smokers excreted significantly higher amounts 
of 1-HP compared to non-smokers and the number of cig-
arettes smoked correlated rather well with urinary 1-HP 
concentration [1–3]. 
In the case of low environmental exposure to  PAH, 
the consumption of  PAH-rich diet (especially grilled, 
fried and smoked) can influence the excretion of  1-HP, 
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Inclusion criteria
The inclusion criteria specified in study protocol were as 
follows: single pregnancy (up to  12 weeks of gestation), 
not assisted with reproductive technology and not expect-
ed to be finished as spontaneous abortion. All women with 
the serious chronic diseases specified in study protocol 
were excluded from the study.

Questionnaires
All women participating in the study were interviewed by 
gynecologist/midwife once in each trimester. Any changes in 
behaviour patterns (i.e. smoking or ETS exposure, changes 
of place of residence) throughout the pregnancy were noted. 
The following information was collected: socio-demograph-
ic characteristic (age, marital status, number of children, 
educational level, employment status), previous and current 
pregnancies, lifestyle exposures including smoking and ETS 
exposure, alcohol consumption and food frequency ques-
tionnaire. Detailed information was also collected about 
place of residence, heating and cooking methods. 
The analysis of the questionnaire data was restricted to 
the factors that potentially contribute to the exposure 
to PAH, including smoking status verified by cotinine level 
in saliva, dietary intake of  PAH (frequency of intake of 
grilled, smoked or fried food), type of heating and cooking 
method, place of residence (city size measured by number 
of inhabitants) and season of  1-HP collection (summer 
season: May–Aug, and winter season: Sep–April).

Exposure variables
Exposure to PAH 
1–HP concentration in urine sample was chosen as the 
biomarker of exposure to  PAH. The urine sample was 
collected from the women participating in the study be-
tween 20–24 weeks of pregnancy and, for some part of the 
study population, repeated during 30–34 week of pregnan-
cy. The 1-HP was analysed using high performance liquid 
chromatography (HPLC). 

exposure to benz[a]anthracene, benzo[k]fluoranthene 
and dibenz[ah]anthracene after accounting for the out-
door concentration. 
An interesting comparison of the levels of BaP-DNA 
adducts measured in maternal blood and newborn cord 
blood in four different populations representing a 30-fold 
range of exposure to ambient  PAH was performed by 
Perera et al. [10]. Based on that analysis, the mean con-
centrations of adducts in both maternal and cord blood 
and the proportion of samples with detectable adducts 
increase across the populations consistent with the trend 
in estimated ambient exposure to  PAH (p  <  0.001). 
Jędrychowski et  al. indicated that the concentrations 
of PAH compounds were considerably higher among the 
residents of the more polluted area of the city  [8]. The 
comparison between the Kraków and NYC demonstrates 
that not only concentrations but also proportions of spe-
cific compounds in the total PAH mixture differ widely 
across the cities.
The aim of the study was to characterize the  PAH ex-
posure level based on  1-HP in urine of Polish pregnant 
women and to assess the relationship between PAH and 
factors such as smoking, ETS exposure, place of residence, 
heating and cooking method. 

MATERIAL AND METHODS

Study design and sample
The complete description of the cohort and study design 
was published elsewhere  [11]. The study was performed 
in 8 regions of Poland. The recruitment and all scheduled 
visits were conducted in maternity units or clinics of the 
regions participating in the study. The study population 
included in analysis of predictors of exposure to  PAH 
consisted of 449 pregnant women. Additionally the com-
parison of the level of 1-HP in urine collected during the 
second and third trimester of pregnancy was performed 
for 217 women.
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final concentrations ranging from 0 to 5.0 μg/l. 1-HP stan-
dards in urine were subjected to the analytical procedures 
designed for urine samples.
The determinations were made using a  Waters Alliance 
liquid chromatograph equipped with quaternary pump, 
autosampler, degasser, column oven and Waters 2475 flu-
orimetric detector. The chromatographic analysis was 
carried out on a  Supelcosil  LC-18 (150×3  mm) column 
which was eluted with a  methanol:water (7:3) mixture 
at  0.4  ml/min flow rate. The fluorimetric detector was 
programmed to operate at 242 and 388 nm excitation and 
emission wavelengths, respectively. 
Detector response to the calibration standards was linear 
in the whole concentration range (r = 0.998, RSD = 5%). 
The sensitivity of the method is estimated to be 0.2 μg/l.
An example of chromatographic separation of internal 
standard of 1-HP and analysed urine sample is presented 
in Figure 1.

The analytical procedure used in this study was based on 
the method described by Jongeneelen et  al.  [12]. Urine 
samples (10 ml) were adjusted to pH = 5.0 with 1.0 M HCl, 
buffered with  5 ml of  0.1 M acetate buffer (pH  =  5.0), 
and incubated for  16  h with  1500 U  β-glucuronidase-
arylsulfatase (Sigma-Aldrich) in a  shaking bath 
at 37°C. 1-HP was concentrated by solid phase extraction 
on a C-18, 100 mg cartridge (J.T. Baker). Cartridges were 
conditioned with  5  ml of water and  10  ml of methanol 
and finally 10 ml of the urine sample was passed trough 
the cartridge. Cartridge was cleaned by  5  ml of water 
and dried with vacuum. 1-HP was eluted using 10 ml of 
methanol. Solvent was evaporated to dryness by heating 
at 40°C under gentle stream of nitrogen. The residue was 
dissolved in 1 ml of methanol and transferred via syringe 
filter (PTFE 0,45 μm) to autosampler vial. 
Standards of 1-HP were prepared by spiking of non-smok-
er urine with methanolic solution of 1-HP to obtain the 

Fig. 1. Example of chromatographic separation of internal standard of 1-HP and analysed urine sample.
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smoked, grilled, or fried food intake was divided into two 
categories: < 1 per week, and ≥ 1 per week. For some part 
of the women (217 women) for whom 1-HP was analysed 
twice (during second and third trimester of pregnancy) the 
comparison of the level of this biomarker depending on 
the week of pregnancy was performed. 
All statistically significant variables identified in univari-
ate analysis (p < 0.05) and the coal house heating were 
included in the multivariate method where the GM ratio 
was calculated.

RESULTS

Sociodemographic characteristics  
of the study population
Table 1 shows the sociodemographic characteristic of the 
study population. Most of the women, 70%, were in the age 
category 20–30 years and 27% of them were older than 30. 
About 74% of the women were married. More than half of 
the study population had at least 12 years of education and 
only 13% of them less than 9 years. High percentage of the 
women (85%) were employed. Slightly more than half of 
the subjects lived in big cities (> 500 thousands of inhabit-
ants) and  19% of them in cities with  100–500 thousands 
of inhabitants and 21% in small ones (< 10 thousands of 
inhabitants). Based on cotinine level in saliva, about 20% 
of the pregnant women could be identified as smokers. Al-
most half of the studied population had urine sample col-
lected and analysed (for 1-HP concentration) two times in 
pregnancy (in second and third trimester), 215 of the wom-
en had the analysis performed only for second and 17 only 
for third trimester. The urine sample was collected mostly 
in winter season (for 70% of study sample). Most of the 
women had reported consumption of smoked, grilled 
or fried food once per week or more frequently (91%). 
About 40% of study subjects reported road traffic close to 
their place of residence. Two percent of women used coal 
kitchen for cooking and 32% coal for house heating.

Smoking and ETS exposure
The smoking status and  ETS exposure, was verified by 
measurement of saliva cotinine level. Saliva was collected 
three times in pregnancy (once in each trimester). The 
cotinine level in saliva was analysed by liquid chroma-
tography with tandem mass spectrometry/isotope dilu-
tion (LC-MSMS). A 0.25 ml of saliva was extracted with 
a SPE method on OASIS HLB 96-well Plate and analysed 
using Alliance High Performance Liquid Chromatograph 
(Waters) with XTerraC18  MS,  3.5  μm,  150×2.1  mm 
column (Waters). Quantitative analysis was made 
with  MRM  mode by Quattro Micro API tandem mass 
spectrometer equipped with electrospray probe (Micro-
mass/Waters). Calibration curve was based on the ratio 
of native cotinine and deuterium-labelled surrogate (in-
ternal standard) peak area. To ensure the highest quality 
of results, every series of analyses included QC samples 
such as: repeated samples (already analysed), blank, in-
house reference material and calibration control samples 
(2 levels of concentrations).
According to the former results of the tobacco smoking 
exposure study, all women for which cotinine level in sa-
liva was higher than 10 ng/ml were recognized as smokers.

Statistical analysis 
The geometric mean (GM), geometric standard de-
viation (GSD) and the range for  1-HP concentration in 
urine (μg/g creatinine) was analysed depending on differ-
ent variables. In the regression analysis, season of urine 
collection was analysed as categorical variable based on 
month of monitoring (summer season: May–Aug, and 
winter season: Sep–April). The women were classified 
as smokers when their cotinine level in saliva was higher 
then 10 ng/ml, the others were recognized as nonsmokers. 
Binary variables were used to capture whether subjects 
were exposed to road traffic, used coal kitchen stove and 
used coal house heating. For place of residence we use the 
categories based on number of inhabitants. Frequency of 
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Table 1. Sociodemographic characteristics of the study population (N = 449)

Characteristic
Study population

n %
Age (years)

≤ 20 16 3.6
20–30 313 69.7
≥ 31 120 26.7

Marital status
married 333 74.2
unmarried 116 25.8

Maternal education (years)
< 9 59 13.1
9–12 153 34.1
≥ 12 237 52.8

Employment status
unemployed 67 14.9
employed 382 85.1

Place of residence (inhabitants in thousands, n)
> 500 254 56.6
100–500 86 19.2
10–100 17 3.8
< 10 92 20.5

Smoking status
non-smokers (cotinine ≤ 10 ng/ml) 360 80.2
smokers (cotinine > 10 ng/ml) 89 19.8

1-HP in urine sample
second visit only 215 47.9
third visit only 17 3.8
both second and third visit 217 48.3

Season of urine collection
summer 136 30.3
winter 313 69.7

Frequency of smoked, grilled, or fried food intake (N = 253)
< 1 per week 23 9.1
≥ 1 per week 230 90.9

Road traffic 
no 268 59.7
yes 181 40.3

Coal kitchen stove (N = 260)
no 254 97.7
yes 6 2.3

Coal house heating (N = 260)
no 176 67.7
yes 84 32.3
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winter time (GM: 0.5 vs. 0.3 μg/g creatinine; p < 0.001). Much 
higher  1-HP concentration was also found among smokers 
than nonsmokers (GM: 0.7 vs. 0.3 μg/g creatinine; p < 0.001) 
and among those who live in big cities (> 500 thousands of in-
habitants) than in small ones (≤ 500 thousands of inhabitants), 
(GM: 0.5 vs. 0.3 μg/g creatinine; p < 0.001). For some part of 
the study population the urine sample was analysed twice in 
pregnancy. This comparison did not give statistically signifi-
cant differences between measurements in second and third 
trimester (p = 0.7).

1-HP concentration in urine of pregnant women 
Mean  1-HP concentration in urine of pregnant women 
ranged from  0.02 to  10.2 μg/g creatinine with the geometric 
mean 0.4 μg/g creatinine (GSD ±2.5 μg/g creatinine) (Table 2). 
In univariate analysis, the frequency of smoked, grilled or fried 
food intake, subjective perception of road traffic, coal kitchen 
stove and house heating did not have significant impact on 1-HP 
concentration (p > 0.05). Women who had collected urine sam-
ple in summer had significantly higher mean 1-HP concentration 
in urine than women for whom that collection was performed in 

Table 2. 1-HP concentration in urine of pregnant women 

Variables
1-HP concentration

(μg/g creatinine) p Sigmawithin Sigmabetween
GM GSD range

Total 0.4 2.5 0.02–10.20 – 0.8 0.5
Season of urine collection

summer 0.5 2.4 0.04–8.50 < 0.001 0.8 0.5
winter 0.3 2.5 0.02–10.20 – – –

Smoking status
non-smokers (cotinine ≤ 10 ng/ml) 0.3 2.3 0.02–10.20 < 0.001 0.8 0.4
smokers (cotinine > 10 ng/ml) 0.7 2.6 0.02–8.50 – – –

Place of residence (inhabitants in thousands, n)
> 500 0.5 2.5 0.02–10.20 < 0.001 0.8 0.4
≤ 500 0.3 2.2 0.02–2.40 – – –

Frequency of intake of smoked, grilled, or fried food
< 1 per week 0.3 2.3 0.04–1.20 0.7 0.7 0.4
≥ 1 per week 0.3 2.2 0.02–2.90 – – –

Road traffic
no 0.3 2.3 0.02–2.90 0.3 0.7 0.4
yes 0.3 2.0 0.02–1.30 – – –

Coal kitchen stove
no 0.3 2.3 0.02–2.90 0.4 0.7 0.4
yes 0.3 1.5 0.02–0.70 – – –

Coal house heating
no 0.3 2.2 0.02–2.90 0.3 0.7 0.4
yes 0.3 2.4 0.02–2.10 – – –

Week of pregnancy at the time of urine collection
second visit (median: 23 weeks of pregnancy) 0.4 2.4 0.02–10.20 0.7 0.8 0.5
third visit (median: 33 weeks of pregnancy) 0.4 2.6 0.02–6.70 – – –

GM — geometric mean.
GSD — geometric standard deviation.



EXPOSURE OF PREGNANT WOMEN TO PAH        O R I G I N A L  P A P E R S

IJOMEH 2011;24(1) 15

observed for summer collection (p  =  0.01) and smokers 
(p < 0.001) (Table 3). Women living in big cities were sig-
nificantly more exposed to PAH measured in terms of 1-HP 
than in small ones (p = 0.001). The study participants who 
used coal for house heating had higher 1-HP concentration 
than those who did not use this type of heating but the dif-
ferences were not statistically significant (p = 0.08).
Additional analysis performed in smokers and non-smok-
ers indicated that in both groups of women in winter sea-
son  1-HP concentration was significantly lower than in 
summer season (Figure 2).

DISCUSSION

In the present study the biological monitoring of envi-
ronmental PAH exposure performed in the group of 449 
pregnant women showed that 1-HP concentration in urine 
ranged from  0.02 to  10.2  μg/g creatinine with the geo-
metric mean 0.4 μg/g creatinine. The significantly higher 
concentration of  1-HP in urine of pregnant women was 
observed for summer collection, among smokers and for 
the women living in big cities. A review of the environmen-
tal and occupational studies analysing urinary 1-HP level 
was performed by Hansen et al.  [1]. The authors identi-
fied  25 environmental studies covering different sources 
of exposure (smoking, dietary intake of PAH, seasonal ef-
fects, residence in industrial area, traffic pollution, and use 
of coal and wood for cooking) and different populations 
(adults, children). 
To make the results from our study comparable to oth-
er studies, μg/g creatinine need to be recalculated into 
μmol/mol creatinine (×0.518; GM:  0.4  μg/g creatinine 
is equal to  0.2  μmol/mol creatinine). Based on Hansen 
et  al. analysis, the highest concentrations among adults 
(GM: 1.5 μmol/mol creatinine, range: 0.26–15.6 μmol/mol) 
were observed in Burundi study assessing indoor air expo-
sure in traditional housing using wood burning as the main 
source of energy [13]. 

Multivariable adjusted predictors  
of personal exposure to PAH 
Multivariable analysis confirmed that significantly higher 
concentration of  1-HP in urine of pregnant women was 

Table 3. Multivariable adjusted predictors of personal exposure 
to PAH measured by 1-HP concentration in urine of pregnant 
women 

Variable GM ratio p
Season of urine collection

summer 1.1 0.010
winter 1.0 –

Smoking status
no 1.0 < 0.001 
yes 1.7 –

Place of residence 
(inhabitants in thousands, n)

> 500 1.3 0.001
≤ 500 1.0 –

Coal house heating
no 1.0 0.080
yes 1.2 –

GM — geometric mean.
Sigmabetween = 0.192, Sigmawithin = 0.596.

Fig. 2. Association between 1-HP concentration and season of 
urine collection in smokers and non-smokers.
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surfaces, soil and vegetation which is positively correlated 
with temperature. In the study by Tonne et al. [7] the con-
centrations of pyrene precursor of 1-HP measured in sum-
mer were significantly higher than those measured in win-
ter, contrary to other PAH components for which the high 
concentrations were observed in wintertime. Also other 
findings indicated significantly higher concentrations of 
low and medium-molecular-weight  PAH measured in 
warmer weather which the authors attributed to PAH re-
lease from surfaces with higher temperature [15,16]. 
Environmental studies indicate that the consumption of 
a PAH-rich diet (grilled, fried and smoked) and coal heat-
ing method can influence the excretion of 1-HP [1]. Some 
such association, although statistically insignificant, was 
also observed in our study.

CONCLUSIONS

The significantly higher concentration of 1-HP in the urine 
of pregnant women was observed for summer collection, 
among smokers and those living in big cities. 
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