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Abstract
Background: Infertility affects approximately 10–15% of reproductive-age couples. Poor semen quality contributes
to about 25% of infertile cases. Resulting from the direct effect on testicular function or hormonal alterations, heavy
metals exposure has been related to impaired semen quality. The objective of this study was to assess the level of
lead in the seminal plasma in men without occupational exposure to lead, and to determine the relationship
between semen quality and lead concentration in the semen.
Methods: This is a prospective and nonrandomized clinical study conducted in University infertility clinic and
academic research laboratory. Three hundred and forty-one male partners of infertile couples undergoing infertility
evaluation and management were recruited to the study. Semen samples collected for the analyses of semen
quality were also used for the measurement of lead concentrations. Semen samples were evaluated according to
the WHO standards.
Results: All subjects were married and from infertile couples without occupational exposure to lead. There is a
significant inverse correlation between the lead concentration in seminal plasma and sperm count. A higher semen
lead concentration was correlated with lower sperm count, but not with semen volume, sperm motility or sperm
morphology as assessed by simple linear regression.
Conclusions: We found that semen lead concentration was significantly higher among the patients with lower
sperm count. To our knowledge, this is the first study to demonstrate that a high level of lead accumulation in
semen may reduce the sperm count contributing to infertility of men without occupational exposure to lead.
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Background
Infertility affects approximately 10–15% of reproductiveage couples. Poor semen quality contributes to about
25% of infertile cases [1]. The causes of poor semen
quality is complex. An increasing number of reports
suggest that the environmental, industrial and dietary
agents may affect male fertility in human [2-5].
The evidences for decreasing quality of semen in men
during the past 50 years are significant [6,7]. This semen
quality decline has been suggested to be associated with
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exposure to the environmental, industrial and dietary
toxins. An increase in the human population, rapid
industrialization, and motorized vehicular traffic are
believed to be responsible for the increased release of
toxic metals into the environment. Heavy metals are
possible pollutants that may be harmful to semen quality
[8]. Lead exposure can cause adverse effects on both
male and female reproductive systems. Lead in seminal
plasma may be increased by high local environmental,
industrial and dietary exposure. Resulting from the direct effect on testicular function or hormonal alterations,
heavy metals exposure has been related to impaired
semen quality [9,10]. Blood tests of heavy metals levels
have been believed to the standard procedures for the
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exposure index in toxicological studies, but recent data
suggest that it may be inadequate to reveal heavy metals
accumulation in the male reproductive tract. Therefore,
heavy metals concentrations in seminal plasma could
provide a better evaluation of the effects of heavy metals
exposure in reproduction [11,12].
An increasing exposure to the environmental, industrial and dietary toxins is believed to be related to poor
semen quality. Our study’s primary purpose is to determine whether semen concentration of lead in men without occupational exposure to lead is associated with
semen quality and reproductive outcome.

Methods
Study populations
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A sample blank was prepared with each set of samples
to control for possible metal contamination from external sources. The level of detection for lead was 0.1 μg/l,
respectively. This study utilized both internal and external quality-control procedures, and obtained consistently
satisfactory results. A certified commercially prepared
product (Seronorm Trace Elements, Sero AS, Billingstads, Norway) was employed to check intra-batch
accuracy and ensure inter-batch standardization. The
coefficient of variation for lead measurement was ≤ 5.0%.
External quality control was maintained via participation in two major programs: National Quality-Control
Program conducted by the government, and the international program run by the College of American
Pathologists.

Three hundred and forty-one male partners of infertile
couples attending the reproductive center of Lin-Kou
medical center, Chang Gung Memorial Hospital and
undergoing infertility evaluation were recruited to the
study. A questionnaire survey collected data regarding
patient occupation, smoking status, body height, body
weight, marital status, infertility history and other patient data. Patients with a history of heavy metals exposure or who resided in areas known to have heavy metals
contamination were excluded from this study. Semen
samples collected for the analyses of semen quality were
also used for the measurement of metal concentrations.
All samples were collected by masturbation after 3 to
5 days of sexual abstinence. The medical charts of
patients were reviewed. All data collection was approved
by the Institutional Review Boards at Chang Gung Memorial Hospital (IRB number: 98-3916B).

The Cox proportional-hazards model was employed to
determine the significance of the variables for predicting
the pregnancy during the study period. The differences
between the two groups were analyzed with a Chisquare test combined with a Fisher test, and Student’s ttest. The Mann–Whitney U test was employed for data
that were not normally distributed. A simple and multiple linear regression analysis were performed to identify the relationship between seminal plasma lead
concentrations and other variables. All P values were
two-tailed, and all results are presented as means±SD.
The P value less than 0.05 was considered statistically
significant.

Semen analysis

Demographic characteristics

Routine semen analysis was performed to assess sperm
quality parameters, including semen quantity, sperm
count, sperm motility, and sperm morphology according
to the World Health Organization (WHO) method [13],
after liquefaction at 37°C for 30 min and within 1 h of
semen collection. The criteria for normozoospermia
were a concentration of ≧ 15 × 106/ml, with sperms of
progressive motility more than 32% of spermatozoa, and
normal morphology with oval-shaped head and no irregularities of tail in at least 30% of the spermatozoa.
Lead analyses

Approximately 100-μl of seminal plasma was digested
with 500-μl of super-grade 0.8 M HNO3 in a glass tube.
The residue was dissolved in 1 ml of 1% HNO3 and applied to a graphite tube for detection of lead by atomic
absorption spectrophotometer (Varian spectraAA 200Z,
USA). The recovery of lead in spiked semen samples
was 97%, respectively. The instrument was calibrated
using 5, 10, and 15 μg/l standards for lead, respectively.

Statistical analysis

Results
Three hundred and forty-one males comforming to the
inclusion criteria were recruited in the study. Demographic characteristics for all subjects are presented in
Table 1. The males ranged in age from 28 to 44 years
with a mean age of 34.9 (S.D. = 3.7). The mean body
mass index of the subjects was 22.6 (S.D.=1.6). The
mean semen volume of the subjects was 3.0 ml, mean
sperm concentration was 63.4 ×106/ml and the average
percentage of total progressively motile sperm was
60.1%. The average lead concentration was 2.19 μg/l as
shown in Table 1. All subjects were married and infertile
couples without occupational exposure to lead.
Lead concentration and semen quality

There is a significant inverse correlation between the
lead concentration in seminal plasma and sperm count
described in Table 2. A higher semen lead concentration
was correlated with lower sperm count, but not with
semen volume, sperm motility or sperm morphology as
assessed by simple linear regression in Table 2.
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Table 1 The base-line characteristics of study patients
(n=341)
Variables

Mean± standard deviation
(range) or number (%)

Age (Y/O)

34.9±3.7 (28–44)

Body mass index(kg/m2)

22.6±1.6 (19.2-26.1)

Smoking

157 (46.0%)

Semen lead conc.(μg/l)

Table 3 The relations between sperm count and semen
lead concentrations after adjusted age, body-mass index
and smoking by multiple linear regressions (N=341)
Variables

Beta coefficients±
SE (standard error)

P

Age (Y/O)

1.1±0.7

0.1433

Body mass index(kg/m2)

0.4±2.3

0.8514

−0.2±5.6

0.9699

−4.44±1.87

0.0181

Smoking

2.19±1.45 (0.08-9.50)

Semen lead

Semen volume (ml)

3.0±1.2 (0.3-8.0)

Sperm count (x106)

63.4±49.6 (0.0-368.0)

Sperm motility (%)

60.1±20.2 (0.0-97.4)

Sperm morphology (%)

58.0±17.8(0.0-94.9)

Sperm count and lead concentration

After adjusting age, body-mass index and smoking by
multiple linear regressions, Table 3 showed that sperm
count did not correlate with age, body-mass index and
smoking but with semen lead concentration (beta coefficients: -4.44±1.87, P=0.0181). After assessing by simple
linear regression analysis, Figure 1 demonstrated that
the sperm count was negatively associated with semen
lead concentration (r=0.130, P=0.0165).

Discussion
To obtain an accurate characterization of a male fertility
status, semen analysis is a well established procedure.
The basic semen analysis measures sperm concentration,
sperm motility, and sperm morphology. To elucidate
semen abnormalities, further evaluation is necessary to
interpret the defect. Several environmental and endocrine factors may cause male infertility. The goal of the
study is to evaluate the level of lead in the seminal
plasma in male partners of infertile couples undergoing
infertility evaluation, and to observe the association
among sperm quality, pregnancy rate and lead concentration in the semen. The major finding in the study is
that lead concentration in the seminal plasma contributes to the poor sperm count in the patients undergoing infertility evaluation and treatment. The patients in
this study had no histories of lead poisoning or

occupational exposure to lead. This indicates that
chronic systemic low-level exposure to environmental
toxicants such as lead may damage the reproductive
function in general population. To our knowledge, this
is the first study to show that low level of lead accumulation in seminal plasma may affect sperm amount for
men without occupational exposure to lead. Exposure to
environmental toxicants may result in poor-quality
gametes and aneuploidy in gametes [14,15]. Some studies demonstrated that lead may lessen normal sperm
metabolism through suppressing the sperm creatine kinase, contributing to infertility in men [16]. The relationship between such exposures and poor-quality gametes
needs to be addressed in future study.
The previous studies demonstrated that the infertile
couples without occupational exposure to lead exhibited
high blood lead concentrations, attributable to poor IVF
outcome related to poor oocyte quality and altered
sperm function [17-19]. Some studies indicated that
effects of smoking on blood lead levels in workers may
affect semen quality [20]. However, the mechanisms of
the actions underlying its toxic effects on male reproductive ability remain controversial. The gonadotropins
bind specific receptors on the reproductive cell surface
to stimulate gonadal steroidogenesis and gametegenesis.

Table 2 The relations between semen lead concentrations
and semen volume, sperm count, sperm motility and
sperm morphology assessed by simple linear regression
(N=341)
Variables

R values

P

Age (Y/O)

−0.011

0.8443

Body mass index(kg/m2)

0.105

0.0529

Semen amount (ml)

0.037

0.4964

Sperm count (x106)

0.130

0.0165

Sperm motility (%)

0.004

0.9448

Sperm morphology (%)

0.002

0.9755

Figure 1 The relation between sperm count and semen lead
concentration (assessed by simple linear regression analysis,
r=0.130; p=0.0165; N=341).
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Since these receptors for gonadotropins are localized on
the surface of the cell membrane, membrane integrity is
important for gonadotropic binding, steroidogenesis,
and gamete growth. The lead concentration in the tissue
could affect hormone receptor kinetics, enzyme activities
and hormone secretion [3]. Although environmental exposure to lead may impair spermatogenesis, as shown in
several animal studies [3,21], similar data in human are
generally limited. The above-mentioned data demonstrate that heavy metals intoxication alters steroidgenesis
and gamete growth. Environmental low-level exposure
to lead is a rising health issue, and more studies are
encouraged to elucidate the lowest adverse effects of
lead concentrations in biological fluids and tissue levels.
The threshold level has been difficult to establish due to
the selection of the exposure indicator and the reproductive endpoints [22]. Lead can be measured in reproductive organs, including prostate and seminal vesicles.
Lead appears to accumulate in the epididymis, however,
the distribution of lead in male reproductive tracts has
not been well established. The association observed in
our study between lead in semen compartments and
sperm count is significant. The association between lead
concentration in semen and sperm count may result
from lead-detrimental spermatogenesis rather than leadaltered hypothalamic-pituitary-gonadal function [23].
Further studies are required to verify the impact of lead
on semen environment and spermatogenesis.
Although blood lead level reflects recent exposure to
lead, it is unclear whether the adverse health effects of
lead that are observed are related to current or cumulative exposures. The previous studies indicate that workers exposed to lead had lower sperm count and higher
teratozospermia count [24,25]. An negative correlation
between blood lead concentrations and poor semen
quality has been shown [17]. However, no association
was observed between seminal plasma lead concentrations and semen quality in some studies [8,26]. The possible factors for the drawbacks are limited detecting
methods and less sensitive examinations of environmental effects in seminal plasma lead concentrations. The
results of the current study draw a more definite conclusion on the relationship between seminal plasma lead
concentrations and sperm count in men without occupational exposure to lead.

Conclusions
In summary, this is the first study to demonstrate that
lead accumulation in semen may reduce the sperm
count contributing to infertility of men without occupational exposure to lead. Our results suggest that efforts
to reduce potential sources of environmental lead exposure may improve the fertile ability in infertility couples.
Effects of potential reproductive toxicants such as lead
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on reproductive ability is difficult to determine due to
varying lead sensitivity, duration of exposure, and tissue
concentration. Further studies are required to clarify the
complicated mechanisms of environmental exposure to
lead and male infertility in general population.
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