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Environmental and occupational exposure to toxicants and sperm
parameters of men investigated for infertility
Wijesekara GUS1, Fernando DMS1, Wijerathna S2, Bandara N1
Heavy metals have also been detected
in local food items8.

Abstract
Objective: The study aimed to determine the association between environmental and
occupational exposure to toxicants and semen parameters of men investigated for infertility.
Methods: Exposure information was obtained using interviewer administered questionnaire
with informed consent. WHO guidelines and cut off values were used in analyzing the sperm
parameters. The parametric and non-parametric data were analysed using t- test and chisquare test respectively. Mean semen parameters between groups exposed to different
toxicants were compared using one way ANOVA.
Results: In the study population, 53.9% of men were exposed to toxicants through
environmental or occupational sources. Exposures were mainly to petroleum products
(30.2%), industrial chemicals (16.9%) and agrochemicals (6.8%).The mean values of
sperm concentration, progressive motility, normal forms and viability of subjects exposed to
petroleum products were lower compared to non exposed group with significant differences
in normal morphological forms [31.1 (18.46)%] vs. [38.1 (17.90)%] (p=0.02) and viability [46.6
(22.26)%] vs. [55.2 (19.50)%] (p=0.02). All the sperm parameters were lower in the exposed
group, with a significant difference in sperm morphology [33.5 (17.1)%] vs. [38.1(17.9)%]
(p=0.03) and sperm viability [49.3 (19.4)%] vs. [55.2 (19.5)%] (p=0.02) compared to non
exposed group.
Conclusion: Occupational and environmental exposure to reproductive toxicants is
associated with poor semen quality with significant reduction in normal forms and viability
of sperm.
Keywords: Reproductive toxicants, sperm parameters.

Introduction
During the past 50 years, a significant
decline in the semen quality has been
reported1. Occupational exposure to
reproductive toxicants, environmental
pollutants and life style factors
has been explored as possible
contributors2.
Human exposure to environmental
pollutants via one or more routes
can impair spermatogenesis in adults
leading to reduced sperm quality3.
Gaseous pollutants such as nitric
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oxide, sulphur monoxide, carbon
monoxide and heavy metals such
as lead and cadmium have been
shown to be significantly associated
with decreasing semen quality4.
Occupational exposure to agents
such as some solvents, pesticides,
petroleum, cement and heat are also
known to increase the risk of infertility
in men5.
Of
the
many
environmental
pollutants, toxicity due to heavy
metals is known to be enormous and
is on the rise globally. Sri Lanka is no
exception. Air pollution in cities such
as Colombo is a major health hazard.
Motor vehicles continue to be the most
significant contributor to air pollution.
The number of highly polluting diesel
vehicles, three wheelers and motor
cycles has been increasing nearly
threefold during 1990-20006. A recent
study has demonstrated the presence
of heavy metals in ambient air with
much higher levels in Colombo7.
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It is estimated that about 10 to 12 per
cent of married couples in Sri Lanka
are sub fertile9. A cause of infertility
is unknown in many of these couples.
Exposure to reproductive toxicants
as a result of rapid industrialization,
unplanned urbanization and increase
in the number of vehicles and
transportation could be contributory
factors for unknown causes of
infertility. Hence this study was
planned to determine the association
between
environmental
and
occupational exposures to toxicants
and semen parameters of men
investigated for infertility.

Materials and methods
Study sample and setting:
Male partners of couples (n=295)
investigated for infertility at a tertiary
care centre in Colombo (Vindana
Reproductive Health centre) from
August 2010 to March 2012 were
included in the study. Only men with
idiopathic infertility were included in
the study.

Data collection:
Demographic
data
and
the
information regarding environmental
and occupational exposures were
collected using an interviewer
administered questionnaire after
obtaining informed written consent.
Subjects were categorized in to two
groups: subjects who were exposed
to toxicants either environmentally or
occupationally (exposed group) and
subjects who were not exposed (non
exposed group). Environmentally or
occupationally exposed men included
those who were exposed to one or
more of the following for a period of
three months or more
a)

those living in areas less than
50m from a main road or having
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an industry which was known to
emit reproductive toxicants,
b)

c)

men reporting contact with
chemicals and other potentially
hazardous substances at work
places such as welding, painting,
printing, plumbing and farmers
using agrochemicals
three wheeler drivers and those
who rode motor bicycles more
than 40 km per day.

Seminal fluid analysis:
Semen samples were collected after a
period of 2-7 days of sexual abstinence
and was analysed according to the
WHO guidelines10. When assessing
the sperm concentration, motility,
viability and morphology the average
values of three readings for each
semen parameter were taken. If any
abnormality was observed in any
of the parameters, a second sample
was analyzed after seven days. If any
discrepancy for any semen parameter
was observed between two samples,
a third sample was analysed and
mean value of each parameter was
considered for analysis.

Statistical analysis:
Statistical analysis was done using
SPSS (version16). Means of sperm
parameters of exposed and non
exposed groups were compared using
independent sample t-test. P < 0.05
was considered as significant. The
frequencies of normal and abnormal
sperm parameters between exposed
and non exposed groups and the
frequency of geographical distribution
of urban, rural and suburban
population between exposed an nonexposed groups were compared using
chi-square test. One way ANOVA
was used to compare mean semen
parameters between exposure to
different toxicants.

Table 1. Demographic characteristics of exposed and non exposed groups
Characteristic

Total
(n=295)

Exposed
(n=159)

Not exposed
(n=136)

*p value

Age(Years)

34.8(5.3)

34.6(5.3)

34.9(5.4)

0.6

Body Mass Index
(kg/m2)

24.4(4.3)

23.8(3.7)

25.1(4.8)

0.1

Duration of
Infertility(months)

45.5(35.1)

47.3(35.6)

43.3(34.5)

0.3

*independent sample t-test

Table 2. Geographical distribution of exposed and not exposed men (n=295)
Total(%)

Exposed (%)

Not exposed (%)

Urban (n=77)

Area

26.1

12.5

13.6

Suburban (n=139)

47.1

25.8

21.3

Rural (n=79)

26.8

15.6

11.2

*chi-square =1.6, df = 2 p= 0.4
of infertility and geographical
distribution were similar in exposed
and not exposed groups (Table 1).
There was no significant difference
in percentage of men living in urban,
suburban and rural areas among
exposed and non exposed men (Table
2).

Semen characteristics of the study
population:
Of the men investigated for infertility
67% were normozoospermics. As a

single abnormality asthenozoospermia
was the commonest and the
distribution of other abnormalities are
shown in Figure 1. The categorization
into normozoospermics and other
abnormal forms were done according
to WHO guidelines of 2010 where only
sperm count, progressive motility
and morphology are considered10.
However in this study viability of
exposed and not exposed groups
was compared as sperm viability is a
clinically important parameter.

Ethical clearance was obtained
from Faculty of Medical Sciences,
University of Sri Jayewardenepura,
Sri Lanka.

Results
Demographic data and geographic
distribution according to exposure:
The age, body mass index, duration

Fig.1 Distribution of different sperm abnormalities.
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Table 3. Proportion of exposed and not exposed men within normal and abnormal
limits of sperm categories (n=295)
Sperm parameter

Total (%)

Exposed
(%)

Not exposed
(%)

*p value

0.6

Sperm concentration (million/ml)
< 15†

20.3

10.2

10.2

≥ 15†

79.7

43.7

35.9

< 32†

26.4

12.9

13.6

≥ 32†

73.6

41.0

32.5

Sperm progressive motility (%)
0.3

29% were men living in less than
50m from a main road and 20% were
men working in industries directly in
contact with petroleum products.
The
mean
values
of
sperm
concentration, progressive motility,
normal forms and viability of subjects
exposed to petroleum products were
lower compared to non exposed
group with significant differences in
normal morphological forms (p=0.02)
and viability (p=0.02) (Table 5).

Normal morphology (%)
< 4†

3.7

2.7

1.0

≥ 4†

96.3

51.2

45.1

< 58†

55.9

32.2

23.7

≥ 58†

44.1

21.7

22.4

0.2

Viability (%)
0.1

* chi-square test.
† Lower limits of sperm parameters as defined by WHO (2010) guidelines.

Table 4. Sperm parameters of exposed and not exposed men
Sperm parameter
[Mean(SD)]

Exposed
(Environmentally
or Occupationally)
n=159

Not exposed
(Environmentally
or occupationally)
n=136

P value

Sperm concentration
(million/ml)

54.8(45.5)

63.0(46.1)

Progressive motility%

40.2(18.3)

41.5(18.8)

0.6

Normal forms%

33.5(17.1)*

38.1(17.9)

0.03

Viability%

49.3(19.4)*

55.2(19.5)

0.02

0.8

*p<0.05 independent sample t-test
The table 3 shows the proportion of
men exposed and not exposed under
each parameter. The values given for
each sperm parameter is the WHO cut
off value10.
The means of sperm concentration,
progressive
motility,
normal
morphological forms and sperm
viability of exposed men were
lower when compared to men not
exposed through environmental or
occupational sources with a significant
reduction in sperm morphology
(p=0.03) and sperm viability (p=0.02).
(Table 4).
Exposure to one or more of the
toxicants such as petroleum products,
industrial wastes, agrochemicals and
heat was evident in 54% (n=159) of
which the highest exposure (30.2%)
was for petroleum products followed
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by industrial chemicals (16.9%),
agrochemicals
which
included
pesticides and fertilizers (6.78%)
and heat (0.3%). Of those who were
exposed to petroleum products (n=89),
51% were three wheeler drivers,

Discussion
The aim of this study was to assess the
association between environmental
or
occupational
exposures
to
reproductive toxicants and the sperm
parameters of men investigated for
infertility. Exposure to a particular
reproductive toxicant for duration of
3 months or more was considered as a
positive exposure in this study.
Most
studies
conducted
on
reproductive toxicants and sperm
parameters, vary with regards to
the types of exposures, the study
populations and the method of
assessment of exposure. Hence the
reported findings differ. However,
findings similar to the current
study with a lower means in sperm
concentration, progressive motility,
normal morphology and viability of
environmentally or occupationally
exposed men when compared to
the non exposed with a significant
reduction in sperm morphology11 and
viability12 had been reported by others.
Some studies also report a significant
reduction in sperm concentration11
and in sperm motility13 in the exposed

Table 5. Mean sperm parameters and exposure to different toxicants
Sperm parameter
[Mean(SD)]

Exposure to
agrochemicals
(n=20)

Exposure
to Industrial
chemicals
(n=50)

Exposure to
petroleum
products
(n=89)

Not exposed
(n=136)

Sperm concentration
(million/ml)

60.9(58.92)

72.7(60.95)

55.1(52.30)

63.0(46.1)

Sperm progressive
motility (%)

42.4(17.85)

44.1(14.31)

38.1(19.96)

41.5(18.8)

Normal forms (%)

33.0(12.64)

38.7(15.40)

31.1(18.46)*

38.1(17.9)

Viability (%)

56.4(15.40)

52.6(13.65)

46.6(22.26)*

55.2(19.5)

* p< 0.05 One way ANOVA.
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group. In the present study the
sperm concentration and progressive
motility were similar in the exposed
and the unexposed groups and the
possible reason for this could be the
short duration of exposure14, or a low
level exposure15 as reported by other
investigators. The total duration of
exposure however was not analysed
in the present study.
In this study one third of the men were
exposed to petroleum products and
out of them, 51% were three wheeler
drivers who were regularly exposed
to diesel or petroleum exhaust fumes.
The sperm concentration, progressive
motility, normal morphology and
viability were reduced in men
exposed to petroleum products with
significant reductions in normal
morphology and viability. Similar
results have been reported in a study
done in Italy among taxi drivers16 and
in Iran where significant reductions in
sperm morphology and motility have
been reported among men engaged in
transportation17. Lead is probably the
most common potential reproductive
toxicant present in the environment
in high concentrations due to use
of petroleum products18. Although
unleaded petroleum has been used in
Sri Lanka, the lead concentration in
air, water and soil have been reported
to be high, possibly due to other
sources of pollution19.
In the present study 6.8% of men
were exposed to agrochemicals
possibly due to use of insecticides,
pesticides or fertilizer. There was
no significant difference in sperm
parameters between men exposed to
agrochemicals when compared to the
not exposed and these findings are
similar to those reported by Larsen et
al20. The concentrations of cadmium
and other heavy metals such as Se
(selenium), Mo (molybdenum), U
(Uranium) in the soil and ground water
in areas where inorganic fertilizer
and pesticides have been used for
agriculture have been reported to be
high21,22. Bandara et al., also report
that poor de-silting of reservoirs could
lead to progressive rise in cadmium
levels in water which in turn feed the
paddy cultivation22.
In the current study, the possible
known causes of infertility were

excluded. Hence it is likely that
environmental and occupational
exposures to reproductive toxicants
could be an aetiological factor for
infertility in this group of men. Heavy
metals such as lead and cadmium
are potential elements that disrupt
the neuroendocrine secretion of
reproductive hormones or act directly
at testicular tissue and damage
spermatogenesis.
Furthermore,
lead exposure has been linked with
chromosomal aberrations. Both animal
experiments and human studies
suggest that the sperm chromatin
structure is altered at low exposure23. A
possible explanation for this structural
damage is that lead and other cations
like mercury and copper may cause a
partial replacement of zinc which is
essential for sperm head chromatin
stabilization. Failure of delay in sperm
chromatin decondensation may lead
to decreased fertility or different kinds
of DNA damage in the fertilization
process23. Lead and cadmium are also
known to hinder sperm functions
such as acrosome reaction and
fertilization24. Therefore even when
the findings of routine investigations
are normal, the failure of fertilization
could be due to exposure to
reproductive toxicants which need
to be explored in the presence of
evidence of exposure. In conclusion
occupational and environmental
exposure to reproductive toxicants
is associated with poor semen
quality with significant reduction in
normal forms and viability of sperm.
Petroleum products seem to have a
negative effect on sperm parameters
with a significant negative effect on
sperm morphology and viability.
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