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Abstract
Objectives: Growing evidence supports the reproductive and developmental toxicity of polycyclic aromatic hydrocarbons
(PAHs) from prenatal and postnatal exposure, but the results of epidemiological studies regarding harmful effects of PAHs
exposure on male reproductive system still remain limited and inconclusive. The aim of the present study was to investigate
the relationship between 1-hydroxypyrene, a biomarker of polycyclic aromatic hydrocarbons exposure and semen quality.
Materials and Methods: The study population consisted of 277 men attending an infertility clinic for diagnostic purposes
and having normal semen concentration of 20–300 mln/ml or slight oligozoospermia (semen concentration: 15–20 mln/ml)
(WHO 1999). All the men were healthy and under 45 years of age. All participants were interviewed and provided a semen sample. The interview included questions concerning demographics, socio-economic status, medical history related to
past diseases which may have an impact on semen quality, lifestyle factors and occupational information. Concentrations
of 1-hydroxypyrene (1-OHP) in the urine samples were analyzed using high performance liquid chromatography (HPLC).
Results: A positive association was found between the level of 1-OHP in urine and sperm neck abnormalities as well as the
percentage of static sperm cells (p = 0.001, p = 0.018, respectively). Additionally, exposure to PAHs measured by 1-OHP in
urine decreased semen volume and the percentage of motile sperm cells (p = 0.014, p = 0.0001, respectively). Conclusions:
Presented findings indicate that the environmental level of PAHs exposure adversely affects male semen quality. The future
large-scale studies should incorporate different biomarkers to generate a more accurate and full assessment of the effects
of PAHs exposure on male fertility.
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INTRODUCTION
Polycyclic aromatic hydrocarbons (PAHs) are released
into the environment as a complex mixture of compounds
during incomplete combustion of coal, wood, oil, gas, garbage or other organic substances [1]. PAHs constitute a
group of toxic, lipophilic, and endocrine-disrupting chemicals that are widely distributed in the environment [2–7].
Pyrene is one of the most extensively produced PAHs in
emissions from the combustion of petrol and diesel and
the main source of PAHs in urban environments [8]. Urinary 1-OHP, a major metabolite of pyrene, is considered
an appropriate surrogate biomarker of total PAHs exposure of human populations [9–11] and is reported to reflect levels of PAHs exposure from different sources such
as ambient air, food and indoor air [12–14]. It has been
suggested that urinary 1-OHP reflects exposure to PAHs
even at low air pollution levels [8], and it is increasingly
being used to biomonitor human exposure to air pollution [15].
As the PAHs are toxins widespread in the environment,
exposure to those substances rises public health concern
regarding the health effects associated with that exposure.
PAHs metabolites are associated with an increased risk
for developing different types of cancers, including lung
cancer, prostate, skin, lymphatic and hematopoietic malignancies [16,17]. Growing evidence supports the reproductive and developmental toxicity of PAHs from prenatal
and postnatal PAHs exposure [18–23]. However, the results of epidemiological studies regarding harmful effects
of PAHs on male reproductive system are still limited.
One cohort study by Selevan et al. (2000) [24] reports an
association between air pollution episodes of elevated
PAHs and increased asthenospermia, abnormal morphology, and abnormal chromatin in human sperm. Another
study found that the presence of PAH–DNA adducts in
sperm is associated with abnormal morphology [25]. Xia
et al. 2009 [26] report that exposure to PAHs at environmental levels is associated with an increased risk of male
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idiopathic infertility. Also a significant association was
found among men with higher 1-OHP level and sperm concentration and sperm number per ejaculum [27]. Among
coke-oven workers occupationally exposed to polycyclic
aromatic hydrocarbons, the increase in the percentage of
sperm with abnormal morphology was observed [28].
The aim of the present study was to investigate the association between 1-hydroxypyrene and semen quality
(main semen parameters: volume, concentration, motility,
CASA (Computer Assisted Sperm Analysis) parameters,
sperm morphology as well as DNA damage in sperm).

MATERIALS AND METHODS
Study population
The study population initially consisted of 344 men
who were attending an infertility clinic for diagnostic purposes and who had normal semen concentration
of 20–300 mln/ml or slight oligozoospermia (semen concentration: 15–20 mln/ml) (WHO 1999) [29] from the study entitled “Environmental factors and male infertility”, which is
a part of the project entitled “Epidemiology of reproductive
hazards in Poland – a multicentre study in Poland” supported by the National Center for Research and Development
in Poland, grant no. PBZ-MEiN-/8/2//2006. Nofer Institute
of Occupational Medicine Bioethical Committee Board
approved the study (Resolution No 9/2007, 2007 June 4)
and a written informed consent was obtained from all
the subjects before commencement of the study. Analysis
of 1-OHP in urine was performed among 277 men, so the
presented data is based on this sample size. The men who
participated in the study were healthy and under 45 years
of age. All participants were interviewed and provided a semen sample. The interview included questions concerning demographics, socio-economic status, medical history
related to past diseases which may have an impact on semen quality, lifestyle factors and occupational information.
Additionally, smoking status was verified by measuring the
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cotinine level in saliva in a laboratory in Nofer Institute
of Occupational Medicine, Łódź, Poland. The level of saliva cotinine was measured using high performance liquid
chromatography coupled with tandem mass spectrometry/
positive electrospray ionisation (LC-ESI+MS/MS) and the
isotope dilution method. This procedure has been validated
under ISO 17025 criteria and accredited by the Polish Center of Accreditation (Certificate AB215). The men were
recognized as smokers if their cotinine level in saliva was
higher than 10 ng/ml.
Semen collection and analysis
Semen samples were produced on site by masturbation
and collected into sterile containers. The specific length
of abstinence was obtained. Semen quality parameters –
volume, sperm concentration and motility – were determined according to the guidelines of WHO 1999 (World
Health Organization, 1999) [29]. Sperm counts and
percentage motility were assessed using the computerassisted semen analysis (CASA) (Hamilton-Thorne Version 10HTM-IVOS) using 2 Chamber Leja slides (Leja,
The Netherlands).
The following CASA parameters were assessed:
–– VAP – average path velocity, velocity over a calculated
smoothed path;
–– VSL – straight line velocity, velocity over the straightline distance between the beginning and the end of
a sperm track;
–– VCL – curvilinear velocity, velocity over the actual
sperm track, which includes all deviations of sperm
head movements;
–– BCF – beat cross frequency, the frequency with which
the sperm crosses the smoothed path;
–– ALH – amplitude of lateral head displacements, magnitude of lateral displacement of a sperm head about its
average spatial trajectory.
Sperm morphology was quantified using strict Kruger
criteria [30]. The semen smears were air-dried, fixed and
792
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stained according to Papanicolaou [31]. A total of 200
sperm samples were analyzed.
Assessment of the sperm chromatin structure assay
(SCSA) was performed using flow cytometry [32]. After
partial denaturation of the DNA (pH = 1.5), the samples
were stained with metachromatic fluorochrome: acridine
orange (Ex/Em = 488/525 and 615 nm). Fluorescence
in green (515–530 nm) and red (> 630 nm) bands was
measured using a flow cytometer (DAKO Galaxy, Denmark). The fluorescence bands corresponded to the intact
double stranded DNA (green fluorescence) and fragmented, single stranded (red fluorescence) sperm DNA.
Approximately 15 000–25 000 spermatozoa were acquired
for each sample at a flow rate of 400–500 events/s. An
artificial parameter alpha-t (alpha-t = red/(green+red)
fluorescence), was created for the calculations. Cells with
an abnormal chromatin structure (i.e. fragmented DNA)
showed a distinct shift of the alpha t parameter value. The
DNA Fragmentation Index (DFI) was calculated according to the formula:
DFI = (cells with shift
of alpha-t parameter/all cells) ×100

(1).

Measurement of 1-hydroksypyren in urine
A urine sample was collected into a polypropylene cup
from each study subject (N = 277) at the time of their visit
at the clinic. The urine samples were stored at –20°C until
analysis, which was performed at the laboratory at Nofer
Institute of Occupational Medicine in Łódź, Poland.
The 1-OHP was analyzed using high performance liquid
chromatography (HPLC). The analytical procedure used
in this study was based on the method described by Jongeneelen e al. 1987 [33].
The 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-glucuronidasearylsulfatase (Sigma-Aldrich) in a shaking bath at 37°C. 1-OHP was concentrated by solid phase
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extraction on a C-18, 100 mg cartridge (J.T. Baker, USA).
Cartridges were conditioned with 5 ml of water and 10 ml
of methanol and finally 10 ml of the urine sample was
passed through the cartridge. Cartridge was cleaned
by 5 ml of water and dried with vacuum. 1-OHP was eluted
using 10 ml of methanol. The solvent was evaporated to
dryness by heating at 40°C under a 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-OHP were prepared by spiking the nonsmokers’ urine with methanolic solution of 1-OHP to obtain
the final concentrations ranging from 0 to 5.0 μg/l. 1-OHP
standards in urine were subjected to the analytical procedures designed for the urine samples. Determinations
were made using a Waters Alliance liquid chromatograph equipped with quaternary pump, autosampler,
degasser, column oven and Waters 2475 fluorimetric
detector. 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. Fluorimetric detector was programmed to operate
at 242 and 388 nm excitation and emission wavelengths,
respectively. Response of the detector 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 [34].
Statistical analysis
Robust multiple linear regression [35] analysis was used
to explore the roles of questionnaire variables and 1-OHP
metabolite concentration as predictor of semen quality indicators. The 1-OHP concentrations were log transformed
before the statistical analysis. In the regression analysis,
season of urine collection was analyzed as categorical
variable based on the month of semen collection (May–
September, October–April). Binary variables were used
for past diseases and current smoking status. Age and
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sexual abstinence were analyzed as continuous variables.
Because of positively skewed distributions of volume, total
concentration, % of static sperm, the variables were log
transformed and sperm neck abnormalities were square
root transformed. Additionally, the test of the effect modification of 1-OHP by smoking status and season of semen
collection was carried out.
We used standard significance level (0.05) for statistical
inference. R 2.15.1 statistical program was used to analyze
data [36]. The robust regression model was fitted using robust base package [37].

RESULTS
Study population
The study population consisted of 277 men who were attending an infertility clinic for diagnostic purposes. The
mean age of the men participating in the study was 32
years old. Most of them had secondary (39%) or higher
(38.3%) education and only about 23% had vocational
education (Table 1). The duration of the couples’ infertility lasted from 1 to 2 years (36.5%) and from 2–3 years
(35.4%). Past diseases which may have impact on semen
quality were reported by 13.7% of the participants. Abstinence before the semen analysis was about 3-7 days (77%)
(Table 1). Almost 44% of men were smokers, basing on
the cotinine level in saliva. The mean cotinine level in saliva was 64.4 ng/ml. The season before semen collection
(3 months before collection) was mostly October–April
(63.9%), only in the case of 36.1% of the study group it
was May–September (Table 1).
Semen quality and level of 1-OHP in urine
among the study participants
Semen quality among the study participants fell into the
normal range of WHO (1999) [29] semen quality indicators. The mean semen volume amounted to 3.5 ml
(range: 1.7–12.3 ml) and the semen concentration
IJOMEH 2013;26(5)
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Table 1. Characteristics of the study participants
Variables

Characteristic

Education [n (%)]
vocational

63 (22.7)

secondary

108 (39.0)

higher

106 (38.3)

Smoking determined by cotinine level [n (%)]
no

154 (56.4)

yes

119 (43.6)

missing data

4 (1.4)

Level of cotinine in saliva (ng/ml)
mean (standard deviation)
median (min.–max)

64.4 (178.4)
2.5 (0–2 089.3)

Past diseases, which may have impact on semen quality [n (%)]
no

239 (86.3)

yes

38 (13.7)

Duration of couples’ infertility [n (%)]
1–2 years

101 (36.5)

2–3 years

98 (35.4)

3–5 years

41 (14.8)

> 5 years

37 (13.4)

Abstinence [n (%)]
< 3 days

28 (10.1)

3–7 days

213 (76.9)

> 7 days

36 (13.0)

Age (years)
mean (standard deviation)

32.0 (4.6)

median (min.–max)

31.7 (22.7–45.2)

Season (3 months before semen collection) [n (%)]
May–September

100 (36.1)

October–April

177 (63.9)

was 49.7 mln/ml (range: 15–360 mln/ml). The percentage of motile sperm cells in the study group constituted
about 56% of all the study sample, the percentage of static
sperm cells – 25% and the percentage of atypical sperm
accounted for 48%. The mean CASA parameters were as
follows: VAP – 52.7±11.3 μm/s, VSL – 43.6±10.6 μm/s,
VCL – 78.3±16.9 μm/s, ALH – 3.6±0.8 μm,
794
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BCF – 26.4±3.8 Hz. In the case of semen morphology,
head abnormalities constituted about 30%, neck abnormalities – 15% and tail abnormalities – 6% of the whole
study sample. The percentage of sperm cells with DNA
damage (DFI) was 16% (Table 2).
1–OHP concentration in a urine sample was chosen as
a biomarker of exposure to PAHs. Among the study
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Table 2. Distribution of semen parameters and the level of 1-OHP in urine among the study participants
Statistical variables

Participants
(n)

M±SD

25 percentile

50 percentile

95 percentile

min.-max

1-OHP (μg/l)

277

0.33±0.31

0.15

0.24

0.68

0.04–1.95

1-OHP/creat (μg/g creat)

277

0.27±0.24

0.12

0.20

0.65

0.02–2.03

DFI (%)

222

15.84± 10.99

8.34

12.77

35.66

2.72–71.23

Sperm head abnormalities (%)

276

29.61±18.26

15.75

25.00

90.00

0.00–93.00

Sperm neck abnormalities (%)

276

14.51±8.58

8.00

12.00

29.00

0.00–44.00

Sperm tail abnormalities (%)

276

6.25±6.25

2.00

5.00

15.00

0.00–42.00

Volume (ml)

276

3.46±1.46

2.50

3.00

6.00

1.70–12.30

Semen concentration (mln/ml)

277

49.65±54.02

20.40

29.60

153.25

Motility (%)

273

56.07±20.61

44.00

54.00

93.10

4.00–99.00

Static sperm (%)

272

24.78±18.99

11.00

19.00

64.15

1.00–91.00

Atypical sperm (%)

275

48.44±20.56

32.00

45.00

94.00

11.00–96.00

VAP (um/s)

274

52.70±11.32

44.85

52.65

71.21

15.10–86.60

VSL (um/s)

274

43.61±10.58

37.00

42.95

61.41

14.90–77.10

VCL (um/s)

274

78.34±16.90

66.83

78.10

95.21

20.80–146.00

ALH (um)

272

3.55±0.76

3.08

3.50

4.81

1.90–6.90

BCF (Hz)

273

26.37±3.81

24.00

26.20

32.31

15.50–37.70

Variables

15.00–360.00

M – mean; SD – standards deviation.
1-OHP – 1-hydroxypyrene; DFI – DNA fragmentation index; VAP – velocity average path; VSL – velocity straight line; VCL – velocity curvilinear;
BCF – beat cross frequency; ALH – amplitude of lateral head displacement.

participants the level of 1-OHP in urine was 0.33±0.31 μg/l
(range: 0.04–1.95 μg/l). When the level of 1-OHP in urine
was adjusted for creatinine the mean was 0.27 μg/g of
creatinine and the range: 0.02–2.03 μg/g of creatinine
(Table 2).
Association between the level of 1-OHP in urine and
semen quality
A positive association was observed between the level
of 1-OHP in urine and sperm neck abnormalities (p = 0.002)
and a negative one between the semen volume (p = 0.015)
and the percentage of motile sperm cells (p = 0.0001) (Table 3). Also in the adjusted analysis a positive association
was found between the level of 1-OHP in urine and sperm
neck abnormalities and the percentage of static sperm cells
(p = 0.001, p = 0.018, respectively). Additionally, exposure

to PAHs measured by 1-OHP in urine decreased the semen
volume and the percentage of motile sperm cells (p = 0.014,
p = 0.0001, respectively). The model was adjusted for age,
smoking, past diseases which may have impact on semen
quality (e.g. mumps, cryptorchidism, testes surgery, testes
trauma), season of the year (May–September, October–
April) and sexual abstinence (Table 3).
The association between 1-OHP and sperm neck abnormalities and the percentage of motile sperm cells was
stronger among the smokers subgroup (coef = 3.10;
p = 0.001 and coef = –9.15; p < 0.0001, respectively) and
when the semen was collected in October–April season
(coef = 2.53; p = 0.001 and coef = –7.60; p < 0.0001,
respectively) (Table 3). No differences between exposure
to 1-OHP and the semen volume and the percentage of
static sperm cells in the subgroup of smokers and men
IJOMEH 2013;26(5)
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Table 3. Association between the level of 1-OHP in urine and the semen parameters – the univariate and multivariate models
1-OHP/creatinine (μg/g creat)
Variables
DFI (%)
Sperm head abnormalities (%)
Sperm neck abnormalities (%)∗
Sperm tail abnormalities (%)
Volume (ml)
Semen concentration (mln/ml)
Motility (%)∗∗
Static (%)
Atypical (%)
VAP (um/s)
VSL (um/s)
VCL (um/s)
ALH (um)
BCF (Hz)

coef

crude
95% CI

–0.04
0.02
1.97
0.11
–0.17
3.99
–7.86
2.14
–0.08
0.33
0.10
0.59
0.07
–0.26

–0.16–0.07
–2.84–2.88
0.71–3.23
–0.51–0.74
–0.03–0.31
–1.99–9.97
–4.61–11.11
0.36–4.64
–3.47–3.32
–1.48–2.14
–1.60–1.80
–1.99–3.17
–0.05–0.18
–0.88–0.35

p
0.477
0.987
0.002
0.723
0.015
0.192
0.0001
0.095
0.964
0.720
0.909
0.654
0.251
0.402

coef
–0.04
0.61
2.12
–0.01
–0.06
0.09
–8.33
0.16
0.38
0.88
0.71
0.98
0.06
–0.05

adjusted
95% CI

p

–0.16–0.08
–2.34–3.55
0.84–3.40
–0.19–0.16
–0.01–0.11
–0.11–0.28
–5.07–11.60
0.03–0.29
–3.12–3.88
–0.94–2.71
–1.01–2.42
–1.64–3.61
–0.06–0.18
–0.67–0.56

0.521
0.687
0.001
0.895
0.014
0.385
0.0001
0.018
0.832
0.344
0.419
0.463
0.350
0.868

Adjusted for age, smoking (cotinine > 10 ng/ml), past diseases, season of year (May–September, October–April), sexual abstinence.
CI – confidence interval.
* The association between 1-OHP and sperm neck abnormalities was stronger in among smokers subgroup (coef = 3.10; p = 0.001) and when the
semen was collected in October–April season (coef = 2.53; p= 0.001).
** The association between 1-OHP and percentage of motile sperm cell was stronger in among smokers subgroup (coef = –9.15; p < 0.0001) and
when the semen was collected in October–April season (coef = –7.60; p < 0.0001).
Other abbreviations as in Table 2.
Bold fonts – statistically significant variables.

whose semen was collected in October–April season were
observed.

DISCUSSION
In the present study, exposure to PAHs measured
by 1-OHP level in urine was significantly positively associated with sperm neck abnormalities and the percentage
of static sperm cells. Additionally, 1-OHP level in urine
decreased the semen volume and the percentage of motile
sperm cells when adjusted for potential confounders.
Little epidemiologic data is available on the effects of
PAHs on male reproductive function. Human studies
among patients from infertility clinics show that subjects
796
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with higher urinary concentrations of 1-OHP, 2-hydroxyfluorene (2-OHF) and a sum of PAHs metabolites (assessed as tertiles) are more likely to have idiopathic male
infertility (p-value for trend 0.034, 0.022 and 0.022, respectively). Higher idiopathic infertility risk was found in the
group of idiopathic infertile subjects with the abnormal
semen quality [26].
In the next study by the same authors i.e. Xia et al. (2009),
it was found that the men with higher 1-OHP (assessed as
quintiles) are more likely to have below-reference sperm
concentration and sperm number per ejaculum [27]. Another study found that the presence of PAH–DNA adducts
in sperm is associated with abnormal morphology [25].
PAH-DNA adducts were negatively correlated with the
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percentage of physiologic forms (p = 0.016) and with
abnormalities of the neck of the sperm cells (p ≥ 0.009),
while they were positively correlated with morphological
abnormalities of the head (p >0.0001). PAH-DNA adducts levels were significantly higher in the infertile versus
fertile men (p = 0.04) [25]. The studies in general populations indicate that the environmental level of PAHs exposure is associated with the increased sperm DNA damage
but not with the semen parameters or morphology [1].
Another study in general population by Rubes et al.
(2005) reports that PAHs exposure does not change semen quality [38]. One cohort study from Selevan et al.
(2000), [24] reports an association between air pollution
episodes of elevated PAHs and the increased asthenospermia, abnormal morphology, and abnormal chromatin in
human sperm. In the study by Hsu et al. (2006) [28] among
coke-oven workers from a steel plant in southern Taiwan
occupationally exposed to high levels of PAHs, the number of workers with oligospermia and the percentage of
abnormal sperm morphology was significantly greater in
topside oven workers than in the side-oven workers. [28].
The later two studies performed among the same group
of Taiwanese workers found that urinary 1-OHP does not
significantly correlate with semen quality; however, PAHs
with heavy molecular weight, e.g., benzo(g,h,i)perylene
and benzo(k)fluoranthene, negatively correlate with morphology and motility of sperm cells (p = 0.02 and 0.002,
p = 0.04 and 0.04, respectively) [39]. The second study by
Jeng et al. (2013) did not find any significant differences
in sperm concentrations, vitality and DNA fragmentation
between the topside oven workers (exposed) and the side
oven workers (unexposed) [40].
Our finding is in agreement with those of Sram et al.
(1999) [41] and Selevan et al. (2000) [24] where young
men from the Czech Republic exposed to PAHs-polluted
air had poor semen quality, measured as the increase in
abnormal morphology, abnormal chromatin, and asthenospermia. The inconsistency in the results may be explained
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by the variations in the PAHs background level and/or by
the fact that the studies were based on general or infertile
populations.
We were not able to examine a representative sample of
general male population. Therefore, we tried to overcome
this disadvantage by selecting out of infertility male patients only the men with normal semen parameters or with
slight oligozoospermia according to WHO classification
(1999) [29]. 1-hydroxypyrene (1-OHP) was first identified as a major metabolite of pyrene [42], accounting for
about 90% of the total urinary excretion of pyrene basing
on the data from the study using experimental animals.
Urinary 1-OHP is considered an appropriate surrogate
biomarker of total PAHs exposure of human populations [3,10,11] and it is increasingly used as a biomarker of
human exposure to air pollution [15]. 1-OHP levels, after
environmental exposures, are lower by one to two orders
of the magnitude as compared to occupational exposure
depending on background exposures and smoking habits [44].
Although 1-OHP is the most commonly used indicator of
PAHs exposure in many previously reported studies, some
studies suggest that it may not represent the numerous
PAHs metabolites [22]. However, in the study by Hsu et
al. (2006) [28] assessing the sperm damage after exposure
to polycyclic aromatic hydrocarbons the authors noticed
that 1-OHP can be used as a biomarker predicting sperm
dysfunction [28].
Most of the studies which examine the association between
exposure to PAHs and sperm quality indicate that 1-OHP
may affect male semen quality even at non-occupational
exposure levels [24,25,27,41]. Also animal studies [44,45]
indicate such association. Commission of the German
Federal Environment Agency established 1-OHP levels in
urine of 0.5 μg/l as the reference value for non-smoking
general population aged between 3–69 years [47]. The reference value is defined to be the 95th percentile of the
values measured for the substance concentration in the
IJOMEH 2013;26(5)
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relevant body medium of the respective reference population. In our study the 95th percentile of the urinary concentration of 1-OHP was higher – 0.68 μg/l. This can be
explained by the fact that some of our study subjects were
smokers and in Poland solid fuels such as coal are used to
a much greater extent than in Germany.
A number of biological mechanisms are proposed to contribute to the association we observed between PAHs exposure and poorer semen quality, but the exact mechanism of PAHs toxicity still remains unknown [20]. PAHs
and their metabolites may be hormonally active [48,49].
PAHs can bind and stimulate the acryl hydrocarbon receptor (AhR) which, in turn, may induce increased metabolism of PAHs to biologically active products that can
interact with DNA and promote cancer, or other adverse
outcomes [50]. As regards the male reproductive system,
human sperm expresses abundant amounts of AhR and
aryl hydrocarbon receptor nuclear translocator mRNA,
and the presence of AhR in sperm provides a mechanism
by which environmental PAHs, dioxins and polyhalogenated biphenyls could directly influence sperm function [51].
Smoking is reported as a risk factor for male reproductive
function and may confound the analyses for the associations between environmental pollution and sperm quality [52]. In our study, after adjusting for smoking status,
the level of 1-OHP in urine was significantly positively associated with sperm neck abnormalities, the percentage
of motile sperm cells and negatively with the percentage
of static sperm and semen volume. We observed the association between 1-OHP and sperm neck abnormalities,
percentage of motile sperm cells which was stronger in the
smokers subgroup (smoking status was determined using
the cotinine level in saliva).
In the present study the results were adjusted for the season of semen collection (3 months before collection, which
indicates the time of semen production) – the predictor
of house heating as the houses are mostly heated in the
winter and autumn season. The association between 1-HP
798
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and sperm neck abnormalities, percentage of motile sperm
cells was stronger in the men whose semen was collected
in October–April season.
Using only a single urine sample to predict metabolite
concentrations over longer periods [53] may be a potential limitation of our study, but as far as we are aware, all
the study participants had not changed their life styles
or environments for several months prior to sample collection so their PAHs exposure may be relatively stable
over time.
Our study has also several strengths. The results were adjusted for many factors that may be associated with semen
quality. Additionally, the smoking status was verified using the level of cotinine in saliva. A third strength arises
from the fact that many different semen parameters were
included in the analysis: main semen parameters i.e.: volume, concentration, motility, CASA parameters, morphology and sperm chromatin structure.
In conclusion, the presented findings indicate that the
environmental level of PAHs exposure adversely affects
male semen quality. The future large-scale studies should
incorporate different biomarkers to generate a more accurate and full assessment of the effect of PAHs exposure
on male fertility.
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