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HIGHLIGHTS

» Coke oven workers were exposed to PAHs despite the use of personal protection equipment.
» Sperm quality was independent of sperm DNA integrity.

» Exposure to PAHs was linked to increased levels of bulky DNA adducts in sperm.

» Research results could be useful to develop reproductive disease prevention strategy.
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ABSTRACT

The objective of the cross-sectional study was to assess whether exposure to polycyclic aromatic hydro-
carbons (PAHs) from coke oven emissions contributed to alteration of semen quality and sperm DNA
integrity in nonsmoking workers. Nonsmoking coke oven workers from a steel plant in Taiwan served
as the exposure groups (topside-oven workers for the high exposure group and side-oven workers for
the low exposure group), and administrators and security personnel in the plant served as the control.
An exposure assessment was conducted to determine both particulate and gaseous phase of PAH levels
and urinary 1-hydroxypyrene (1-OHP) levels. Semen quality was analyzed according to WHO guidelines.
DNA fragmentation and bulky DNA adducts were measured to assess sperm DNA integrity. There was
no significant difference in sperm concentrations, vitality, and DNA fragmentation between the exposed
group and the control. The high exposure group experienced significantly lower percentages of normal
morphology as compared with the control (p=0.0001). Bulky DNA adducts were detected in the exposed
group that were significant higher than the control (p = 0.04). Exposure to PAHs from coke-oven emissions
could contribute to increased levels of bulky DNA adducts in sperm.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) constitute a group
of toxic and lipophilic chemicals that are widely present in the
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environment. PAHs are formed during incomplete combustion pro-
cesses and released into the environment in such ways as exhaust
from gas and diesel powered vehicles, cigarette smoke, coal fired
power plant emissions, coke-oven emissions, and waste incinera-
tion. Also, they occur naturally as a result of forest fires and the
combustible use of products from coal, peat, crude oil, and shale
oils. Routes of exposure for humans and animals occur mainly
by way of inhalation, ingestion, and dermal contact [1]. The main
sources of human exposure to PAHs are occupational and passive
and active smoking [2]. Some reports show that PAH metabolites
have been consistently detected among different races and both
genders, which reflect widespread exposure to parent compounds
among the general population [3,4]. Occupational groups, such as
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coke-oven and coal tar processing workers, who may be chroni-
cally exposed to PAH concentrations greater than 4000 ng/m3, are
at particularly high risk [5].

Once PAHs enter the biological system, they can undergo
metabolic activation by phase I enzymes (members of cytochrome
P450) and form diol epoxides. The reactive intermediates are
capable of forming PAH-adducts by interacting with cellular
macromolecules, particularly nucleic acids and proteins [6]. The
identification and characterization of PAH-DNA adducts are impor-
tant in the elucidation of mechanisms related to metabolic
activation for PAH and carcinogenesis. Besides the formation of the
adducts, the intermediates are also subject to biotransformation
by phase II enzymes (glutathione S-transferase) into metabo-
lites that can be easily excreted from the body [6]. For example,
1-hydroxypyrene (1-OHP), a metabolite of pyrene, has been con-
sistently detected in urine and has been used as a biological marker
for assessing an internal dose of activated PAHs [7]. Since the PAH
metabolism is rapid, concentrations of PAHs in serum are consid-
erably lower than metabolites in urine. Therefore, biomonitoring
of urinary PAH metabolites is an important approach for the mea-
surement of human exposure and the body burden of PAHs.

PAHs have been observed to contribute to male reproduc-
tive health problems. After acute oral, inhalation, and intravenous
administration of benzo(a)pyrene, 9,10 and 4,5-diols, metabolites
of benzo(a)pyrene were detected in reproductive organs of rats
[8]. Benzo(a)pyrene and benzo(b)fluoranthene were observed to
induce apoptosis in Sertolic cells in vitro and affect germ cell
development [9]. PAH-DNA adducts were found to inhibit meiotic
division during spermatogenesis in rats and could be associ-
ated with infertility [10]. Adult male Fisher rats, which inhaled
Benzo(a)pyrene at 25-100 pg/m?3 for 10 days, experienced reduced
sperm motility and plasma testosterone concentrations [11,12].
Recent epidemiological studies showed that individuals exposed to
PAHs have been linked with sperm morphological abnormalities, a
decrease in sperm concentration and motility [13,14], and a higher
risk of infertility [15]. Limited data are available to assess whether
PAH exposure affects reproductive health of occupational work-
ers [16,17]. This mainly results from a lack of exposure assessment
to accurately quantify intake and/or biologically effective doses of
PAHs in occupational workers, paralleling with the availability of
sperm quality data. A lack of such information hinders the effort to
assess reproductive health effects on at risk populations induced
by exposure to PAHs.

The objective of this study was to assess whether exposure to
PAHs linked to male reproductive health of coke-oven workers by
assessing semen quality and sperm DNA integrity. Specific aims
were to conduct exposure assessments to depict personal exposure
and the biological burden of PAHs in the occupational group, and
to examine any correlation between exposure to PAHs and general
semen quality and DNA integrity of the workers. Both particulate
and gaseous phases of 16 targeted PAHs in the personal breathing
zone and urinary 1-OHP samples of human subjects were moni-
tored and quantified. Standard semen quality, DNA fragmentation
and bulky DNA adducts in sperm were examined. Questionnaires
were collected to obtain basic demographic information and pos-
sible confounding factors.

2. Methods and methods
2.1. Human subjects

Human subjects were recruited from a steel plant in southern
Taiwan. The coking processes of this plant have remained standard

for over a decade. Increased PAH concentrations have been found
in work areas, particularly near coke ovens and blast furnaces

[18,19]. A total of 100 workers participated in screening to deter-
mine eligibility during their annual health examinations. Eligibility
criteria included more than one year of employment in the plant,
ages between 25 and 50 years old, no reproductive dysfunction,
and non-smoking status. The non-smokers included persons who
either had never smoked or had quit smoking at least three years
before enrollment in this study. We excluded those who smoked in
order to accurately quantify PAH exposure from coke oven emis-
sions. Based on job location, human subjects were classified into
two groups: topside-oven workers for the high exposure group
and side-oven workers for the low exposure group. This selection
was based on our preliminary results showing that topside-oven
workers were exposed to significantly higher PAH concentrations
than the side-oven workers [13,20]. Thirty-six workers, includ-
ing 16 topside-oven workers and 20 side-oven workers, were
included in this study, since they met the criteria and provided all
required biological and environmental samples. Security person-
nel and administrators in the plant who had minimal exposure to
PAHs were also recruited to serve as the control group (n=15). A
two-sided ANOVA test with o 0.05 margin of error was conducted to
determine the number of participants that met a minimum yield of
over 90% power. The statistical power was sufficient to detect a 1.5
fold difference between the mean levels of sperm quality parame-
ters for the exposed and control subjects. The study was approved
by the Institutional Research Boards at both Old Dominion Univer-
sity and Kaohsiung Medical University. All participants were fully
informed about the objective of the study and signed the consent
form before screening and sampling took place.

2.2. Questionnaire

A questionnaire was used to collect information pertaining
to demographic information and potential confounding factors.
The contents of the questionnaire consisted of five categories:
demographics, alcohol consumption, health history, employment
history, and working conditions. Questions on employment history
emphasized current occupational duties, production processes,
respirator usage, and job classification. Health history covered each
participant’s and family’s history of cancer, other diseases, and
treatment history.

2.3. Assessment of exposure to PAHs

Exposure assessment was conducted to evaluate personal intake
and biological effective doses of PAHs. Personal breathing zone air
samples were collected to determine the intake of human subjects,
while urinary 1-OHP served as a biomarker to depict biological
effective doses of PAHs. Coke-oven workers worked 8 h/day for
six continuous days in the steel processes and had two days off.
For personal intake assessment, each worker wore two personal
air samplers (SKC, model 224PCXR7) for 7 h on the first and sixth
workdays. One sampler with glass fiber filters (diameter: 25 mm,
pore size: 0.7 um) at a flow rate of 2.0 I/min was used to collect
particulate PAHs. The other sampler, coated with XAD-2 resin (SKC
226-30-04) at a flow rate of 0.5 I/min, was used to collect gaseous
PAHs. For the control group, human subjects in the administrative
office and in the security office were also monitored in the same
way as the coke-oven workers. After sampling, each filter and resin
sample was stored at 4 °C before analysis.

Urine samples were collected to detect 1-OHP, a reliable
biomarker to assess biological effective doses of PAHs. Four spots
of urine samples were collected from each human subject on the
first shift and the last shift of the first and sixth workdays. Also,
a spot urine sample was collected right before the semen sam-
ple was collected. Urine samples were collected in a sterilized
50 ml polypropylene cup. Immediately after collection, samples
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