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Abstract

Purpose Due to increasing usage of chemicals in various
industries, occupational exposure of women with these
materials is unavoidable. Nowadays, some studies indicate
adverse effects of exposure to these chemicals, especially
organic solvents on the reproductive system of females.
This study aimed to assess the relationship between spon-
taneous abortion and occupational exposure to organic
solvents mixture in pharmaceutical industry.

Methods This study was carried out in a pharmaceutical
factory located in the suburb of Tehran in 2010. During the
study, married women who were working in the factory lab-
oratory units and had exposure to mixed organic solvents were
compared with married women who were working in the
packing units of the factory without occupational exposure to
organic solvents in terms of spontaneous abortion frequency
and duration of pregnancy using statistical methods.

Results In this study, the frequency of spontaneous
abortion in employees with and without exposure to
organic solvents mixture was 10.7 and 2.9% respectively.
This study showed that even after adjustment for con-
founding factors, there was a significant correlation
between spontaneous abortion and occupational exposure
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to organic solvents mixture and this correlation increased
with increasing levels of exposure to organic solvents.
Also, a significant correlation was observed between
occupational exposure to mixed organic solvents and
waiting time to become pregnant (TTP). Furthermore, this
study showed that even after adjustment for confounding
variables, shift workers were significantly more affected by
spontaneous abortion compared to daytime workers
(P < 0.001). Also, in our study, synergistic effect between
shift working and occupational exposure to organic sol-
vents mixture on spontaneous abortion was seen.
Conclusions According to the results of this study, since
there is probability of spontaneous abortion resulting from
occupational exposure to various chemicals including
organic solvents, recommendation to review the status of
occupational exposure of workers can be helpful in
improving fertility consultations and reproductive health.

Keywords Spontaneous abortion - Solvents -
Occupational exposure

Introduction

Infertility is one of the important problems of human life
that can lead in many cases to the abandonment of couples
and problems in social life (Khayata et al. 2003). Female
reproductive system is vulnerable in persistent exposure to
chemicals (Kumar 2004). Considering the global spread of
chemicals in industry, occupational exposure of females to
these chemicals is a major risk for their fertility ability. In
the recent decade, evidence regarding destructive effects of
chronic occupational exposure to chemicals on female
reproductive system and pregnancy outcomes has revealed
(Kumar 2004).
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According to some studies in industrialized countries,
infertility problem has increased between 8 and 15% in
comparison to two decades ago that in part is attributable to
the exposure of female workers to chemicals (Runnebaum
et al. 1997). On the other hand, the number of female work
force is growing throughout the world and large percent-
ages of them are in childbearing age (Thulstrup and Bonde
2006). The number of female employees in the US reached
from 30 million in 1970 to 50 million in 1990 and the
number of working women 2044 years was estimated 35
million in this country (Windham and Osorio 2007).

More than half of women during their employment
period are involved in reproductive issues (Zenz 1994).
Therefore, attention to reproductive disorders caused by
occupational exposure is very important (Thulstrup and
Bonde 2006). Several studies about the harmful effects of
exposure to chemicals on pregnancy outcome have been
done (Nilsson et al. 2005; Virginia et al. 2003). One of the
reasons for spontaneous abortion is occupational exposure
of female workers to organic solvents (Kumar 2004).
Regarding the lipid solubility of organic solvents, they can
pass through the placenta and can reach the fetus and
induce harmful effect (Kumar 2004). Large numbers of
female workers who are in reproductive age have occu-
pational contact with organic solvents (Khattak et al.
1999).

According to the estimates of National Institute of
Occupational Safety and Health (NIOSH), 9.8 million
workers in the US had exposure to organic solvents in the
first half of the 1970s. In the 1980s, about 400,000 workers
in Denmark (15% of this country workforce) had daily
exposure to solvents (Lundberg et al. 2005).

The effect of occupational exposure to organic solvents
on spontaneous abortion has been studied in previous
articles but the results are controversial. In a study which
was done in 1995 in shoe making industry, it was reported
that the frequency of spontaneous abortion was higher in
solvent-exposed workers that non-exposed group (Sallmen
et al. 1995). Also, the results of Agnesi et al. (2003) study
showed that occupational exposure to high concentrations
of organic solvents increases the frequency of spontaneous
abortion. In another study by Bukowski (2001), the effects
of occupational exposure to toluene on the reproductive
system were studied. The results of this study showed that
the frequency of spontaneous abortion in solvent-exposed
workers was higher than non-exposed group.

Another study which was done by Xu et al. (1998), in a
petrochemical complex in China, its results indicate an
increased risk of spontaneous abortion in female workers
who had occupational exposure to benzene, gasoline and
hydrogen sulfide. The results of Lindbohm et al. (1990),
study in Finland showed that female workers with occu-
pational exposure to organic solvents (aliphatic and
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aromatic hydrocarbons) experienced spontaneous abortion
2.2 times more than non-exposed group (P < 0.05). In
Taskinen et al. (1999), study increased frequency of
spontaneous abortion in the laboratory workers with
occupational exposure to formaldehyde, xylene and tolu-
ene was reported comparing those who did not have
exposure (P < 0.05). However, in some studies these
results were not confirmed. A study performed in the
Netherlands showed that there was no statistically signif-
icant difference regarding spontaneous abortion between
the painters who had occupational exposure to organic
solvents compared to those who did not have (P > 0.05;
Hooiveld et al. 2006). Also in the study of Zhu et al.
(2006), 1,025 laboratory workers were compared with
8,037 female teachers regarding spontaneous abortion.
The results showed that the frequency of spontaneous
abortion did not differ significantly with that of teachers
(P > 0.05).

Pharmaceutical industry is one of the important indus-
tries whose personnel commonly have occupational expo-
sure to organic solvents mixture. Frequent numbers of
personnel are employed in pharmaceutical factories. In
2004, there were around 65 pharmaceutical companies in
Iran with 20 of them considered as large ones (Cheraghali
2006). In Taskinen et al. (1986) study in Finland about
pharmaceutical industry, a significant increase was
observed with respect to spontaneous abortion in personnel
who had exposure to chemicals than control group
(P < 0.05). In another study which was done on the labo-
ratory staff in the pharmaceutical industry in Sweden, an
increased risk of spontaneous abortion in this occupational
group was observed in comparison to other occupational
groups (P < 0.05; Hansson et al. 1980).

The aim of this study was to evaluate the correlation
between spontaneous abortion and occupational exposure
to organic solvents mixture in pharmaceutical industry.

Methods
Study design and subjects

This study was performed in a pharmaceutical factory
located in the suburb of Tehran in 2010. Exposure group
consisted of married women employed in laboratory units
of the factory who had occupational exposure to organic
solvents mixture. Non-exposure group included married
women who were working at packing units of this factory
who did not have exposure to organic solvents. All female
workers who were married and were in reproductive age
(2040 years) and were employed in five laboratory units
(with exposure to organic solvents) and two packing units
of the factory (no exposure to organic solvents) who had at
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least 1 year work experience and had history of the first
pregnancy during employment in this pharmaceutical
company were included in the study, In other words, Our
study population included women who achieved pregnancy
for the first time while employed at the Pharmaceutical
Company.

For all studied individuals, the required information
such as demographic data, medical and occupational
records were extracted using direct interviews and were
documented in a questionnaire that was designed for this
study. Information in the questionnaire included age, edu-
cational level, weight, height, nutritional status, smoking
habit, medication usage, work shifts, age at the time of
pregnancy, waiting time to become pregnant (TTP), status
and history of pregnancy (its number and time and out-
come), duration of exposure to organic solvents in the
current job and the study exclusion criteria. Also, some
information about medical status of the subjects during
their pregnancy period was gathered using medical records
at the time of pregnancy.

The exclusion criteria were history of spontaneous
abortion before the being employed at the current job, age
of spontaneous abortion being less than 20 or more than
35 years, uterine diseases (Leiomyoma, Asherman’s syn-
drome, premature cervical dilatation,...), history of endo-
crine system diseases (progesterone deficit, polycystic
ovarian syndrome, thyroid disorders, diabetes mellitus,...),
history of genetic diseases in the family, history of major
trauma to the abdomen during pregnancy, chronic systemic
disease (hypertension, immunologic and hematologic dis-
eases,...), occupational exposure to organic solvents in the
husband, history of prior exposure to organic solvents in
former job or in a second one, history of any recreational
exposure to organic solvents, occupational exposure to
pesticides and metal fumes.

Three-hundred-one and 315 women were working in
this factory at laboratory units and the packing units,
respectively. Of this, 205 workers in laboratory units and
201 workers in packing units met the inclusion criteria. In
exposed group 105 workers were excluded for the fol-
lowing reasons: age less than 20 years (n = 3), age more
than 40 years (n = 55), history of spontaneous abortion in
previous jobs (n = 3), uterine diseases (n = 1), history of
endocrine diseases (n = 28), chronic systemic disease
(n = 12) and occupational exposure to organic solvents in
the husband (n = 3). Also in non-exposed group 114
workers were excluded for the following reasons: age less
than 20 years (n = 5), age more than 40 years (n = 49),
history of spontaneous abortion in previous jobs (n = 3),
uterine diseases (n = 3), history of endocrine diseases
(n = 34), chronic systemic disease (n = 18) and occupa-
tional exposure to organic solvents in the husband
(n = 2). These two groups were compared in terms of the

frequency of spontaneous abortion and waiting time to
become pregnant (TTP) during their job period. All
workers participated voluntarily in this study and signed
informed consent form. This study was approved by the
Ethics Committee of Tehran University of Medical
Sciences.

Outcome measures

We used time to pregnancy (TTP) as a measure of fertility
(Sallmen et al. 2008). Time to pregnancy was defined as
the period of unprotected intercourse leading to a clini-
cally detected pregnancy (Hooiveld et al. 2006). TTP
refers to the months that the women required to become
pregnant. For detection of time to pregnancy, the subjects
were asked: “did you become pregnant during the first
menstrual cycle when not using contraception? During the
second?” If the pregnancy started later, the understudy
women were asked to report how many months did it take
to get pregnant? The cut point for prolonged TTP was
12 months (Taskinen et al. 1999). A spontaneous abortion
was defined as a pregnancy that ended before 20 weeks of
gestation (Hooiveld et al. 2006). For detection of spon-
taneous abortion, the subjects were asked: “Did you get
pregnant during employment period in recent job?” If yes:
“what was the pregnancy outcome?” A normal birth or
miscarriage? If miscarriage was occurred: “in which
weeks of the pregnancy period it was occurred?” also all
founded cases of spontaneous abortion was confirmed by
medical records.

Day time work was defined as fixed daytime. Shift work
was defined as all types of shift working except fixed
daytime working including fixed evening, fixed night,
rotating shift (Zhu et al. 2004b)

Environmental monitoring

In this study, measurement of all solvents present in the
work environment was performed by the occupational
hygienist team of the factory. The details are as follows:
Environmental measurement of organic solvents present
in the workplace was performed at the breathing zone.
Air samples were collected on charcoal tubes with
constant flow (100 ml/min) pumps (SKC 226-01) for
laboratory units and packing units. Air monitoring was
performed continuously during all working hours. Sub-
sequently, gas chromatography was used to analyze the
samples and the average concentration of each solvent
was identified.

The results of environmental monitoring showed that the
solvents present in all five laboratory units of the factory
were formaldehyde, phenol, N-hexane, and chloroform.
Mean concentration of the organic solvents in laboratory
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units for formaldehyde, phenol, N-hexane, and chloroform
were 0.01, 0.5, 20.7, 3.2 ppm (part per million),
respectively.

The occupational exposure of the women to organic
solvents was evaluated according to the American Confer-
ence of Industrial Hygienists (ACGIH) equation (American
Conference of Governmental Industrial Hygienists 2008).
The following equation was used to assess the permitted
limit of the mixture of organic solvents.

Em = C1/L1 4+ C2/L2 + --- 4+ Cn/Ln

where Em is the equivalent exposure for the mixture of
organic solvents, C is the mean concentration of organic
solvents in the air of the environment, and L is the expo-
sure limit for the organic solvents. After measuring the
mean concentration of each solvent and replacing it in the
equation above, values of Em larger than 1 indicate that the
concentration of the mixture of organic solvents in the
work environment is higher than the threshold limit values.
In laboratory units, the Em ranged from 0.549 to 0.932 with
a median value of 0.867, indicating that the concentration
of the mixture of organic solvents in the laboratory units
was in the permitted range. Also we divided the exposed
women into two groups: a low exposure group, defined as
an Em of 0.549-0.867, and a high exposure group, defined
as an Em > 0.867.

In addition, the organic solvents were measured in
packing units, yielding zero or negligible concentrations.

Statistical analysis

Mean, standard deviation (SD) and range of quantitative
variables were calculated. The t-test was used for com-
paring these variables among the groups. The Chi-square
test was used for comparing the qualitative variables.
Moreover, for the purpose of modifying the confounder
factors and evaluating the relationship between exposure to
organic solvents and spontaneous abortion more precisely,
the logistic regression method was used. Biological inter-
action between two variables was calculated using the
synergic index (SI) score based on the ratio of the com-
bined effects to the sum of the separate effects of two
variables according to Rothman and Greenland (1998). An
SI score = 1 indicates a departure from an additive effect
between two variables. A significant SI score above 1
indicates that synergy exists between two variables. We
analyzed how exposure to organic solvents and shift work
alone or in combination were associated with spontaneous
abortion. P values less than 0.05 were considered as sta-
tistically significant. The results of statistical analysis are
expressed as odds ratio (OR) with 95% confidence intervals
(95% CI). All the mentioned calculations were performed
using SPSS 15 software.
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Results

In this study, the researchers examined 406 women in
reproductive age, working in pharmaceutical industry. 205
subjects (50.5%) were in exposure group (laboratory staff)
and 201 patients (49.5%) were in non-exposure group
(packing unit staff). In all studies subjects, mean age was
31.7 years (range = 22-40 years). Mean work experience
was 8.9 years (range = 1-24 years). Mean body mass
index (BMI) was 23.8 kg/rn2 (range = 17.21-38.05). In
each group only one person was cigarette smoker. Also,
73.6% of the workers were daytime workers and 26.4% of
them were shift workers. In general, 28 cases (6.9%) had
experienced spontaneous abortion during pregnancy.

Table 1 presents the comparison of exposed vs. non-
exposed group regarding the quantitative variables. As
shown, the two groups were similar regarding age, preg-
nancy age, work experience and BMI (P > 0.05). Also, the
comparison of qualitative variables between the two groups
is presented in Table 2. This table depicts that there was no
significant difference between groups in terms of educa-
tional level, shift working, and ergonomic factors (includ-
ing “standing duration” and “heavy lifting” during the
work; P > 0.05).

Spontaneous abortion

The frequency of spontaneous abortion in the exposed
group (laboratory workers) was significantly higher than
the non-exposed group (workers in packing units);
(OR = 3.9,95% CI: 1.54-9.85 and P < 0.05; Table 3)ina
way that the risk of spontaneous abortion in expose group
was 3.9 times higher than non-exposed group.

We divided all spontaneous abortion cases based on
etiology to 3 categories of less than 6 weeks, between the
6th and 12th weeks and between the 12th and 20th weeks.
In exposed group the numbers of Spontaneous Abortion
cases were 7, 13 and 2 cases respectively and these
numbers for non-exposed group were 3, 2 and 1 case
respectively.

Also, the frequency of spontaneous abortion in shift
workers (12.1%) was higher than daytime workers (5.01%;
OR 2.68, 95% CI: 1.20-5.71; P < 0.024).

Logistic regression analysis was used for more exact
evaluation of relationship between exposure to organic
solvents and the frequency of spontaneous abortion
(Table 4). It was observed that even after adjustments for
age at pregnancy, work experience and shift working, there
was a significant relationship between the exposure to
organic solvents and the occurrence of spontaneous abor-
tion (P < 0.05). With increasing concentration of organic
solvent exposure, the likelihood of spontaneous abortion
increased. In other words a dose—response relationship was
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Table 1 Characteristics of the study population of 205 laboratory workers and 201 packing workers and their quantitative variables

Variable Non-exposed group Exposed group P value
Mean (SD) Mean (SD)

Age (year) 31.40 (4.98) 32.13 (4.82) 0.138

Age at pregnancy (year) 28.45 (4.76) 29.01 (4.62) 0.141

BMI (kg/m?) 24.08 (3.29) 23.54 (3.62) 0.118

Duration of work (year) 9.34 (5.36) 8.62 (5.06) 0.170

Time to pregnancy (month) 7.52 (2.42) 9.55 (2.75) <0.001

Table 2 Characteristics of the study population of 205 laboratory workers and 201 packing workers and their qualitative variables

Variable Status Non-exposed [N (%)] Exposed [N (%)] P value

Educational levels Guidance and high school 14 (7) 12 (6) 0.39
High school graduate 74 (36) 68 (33)
Associate degree® 28 (15) 24 (12)
BA® 85 (42) 101 (49)

Work shifts Fixed day time work 141 (70) 158 (77.5) 0.11
Shift work 60 (30) 47 (22.5)

Standing duration <3h 154 (76.5) 161 (78.5) 0.32
>3 h 47 (23.5) 44 (21.5)

Heavy lifting (=10 kg) None 190 (94.5) 196 (95.5) 0.43
Seldom 11 (5.5) 9 (4.5)

* An educational level between High school graduate and BA

® Bachelor of Science

Table 3 The prevalence and odds ratio (Ors) for spontaneous abortions and time to pregnancy >12 month among the laboratory workers
(n = 205) compared with the packing workers (n = 201) as the reference group

Variable Non-exposed [N (%)] Exposed [N (%)] OR 95% CI P value
SA 6 (2.98) 22 (10.73) 3.90 1.54-9.85 0.003
TTP > 12 month 14 (6.96) 29 (14.14) 2.20 1.26-4.30 0.023

SA spontaneous abortions, 77P time to pregnancy

Table 4 Correlation between spontaneous abortion and variables of study by logistic regression analysis (n = 406)

Variable Status p OR 95% CI P value
Exposure to organic solvent Non-exposed (n = 201) - 1 - -

Low (n = 101) 1.64 5.21 1.95-14.12 0.041

High (n = 104) 2.04 7.70 2.09-15.38 0.001
Age at pregnancy (year) <28 (n = 208) - 1 - -

>28 (n = 198) 1.56 2.87 1.86-9.01 0.045
Work experience (year) <9 (n = 202) - 1 - -

>9 (n = 204) 2.39 6.16 1.77-12.70 0.010
Work Shifts Fixed day time work (n = 299) - 1 - -

Shift work (n = 107) 1.42 4.13 1.70-10.02 0.002
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observed for spontaneous abortion with odds ratios
increasing from 5.21 in the low exposed group to 7.70 in
the high exposed groups. Also, there was a significant
relationship between age at pregnancy, work experience
and shift working with spontaneous abortion (P < 0.05).

The estimated synergic index (SI) was significantly
greater than 1. A significant SI was found between shift
work and exposure to organic solvents (SI = 2.85). When
analyzed alone or in combination, shift work and exposure
to organic solvents were positively associated with spon-
taneous abortion (P < 0.05). Odds ratios for isolated and
combined factors of shift work and exposure to organic
solvents on spontaneous abortion are shown in Table 5. It
was observed that for combined factors, the estimated
effect on spontaneous abortion was higher than the sum of
the effects from each isolated variable.

Time to pregnancy

The average waiting time to get pregnant (TTP), in expo-
sure group was significantly higher than non-exposure
group (P < 0.001; Table 1). The number of women whose
mean waiting time for becoming pregnant (TTP) was
12 months or more was significantly higher in exposed
group than non-exposed group (OR = 2.2, 95% CI:
1.26-4.30 and P < 0.05; Table 3).

Also logistic regression analysis was done to evaluate
the relationship between exposure to organic solvents and

time to pregnancy period increasing (Table 6). For this
purpose Time to pregnancy period was divided into 2
categories of TTP > 12 month and TTP < 12 month.
With increasing concentration of organic solvent exposure,
the likelihood of prolonged TTP increased. In other words,
after adjustment for confounding factors, the risk of pro-
longed TTP increased with exposure level from 2.76 in the
low exposure group to 4.48 in the high exposure group.

Discussion

Occupational exposure to various chemicals can have
adverse effects on pregnancy outcome (Petrelli et al. 2003).
In pharmaceutical industry, laboratory employees are
exposed to a variety of chemicals and these substances can
have adverse effects on the reproductive system (Zhu et al.
2006).

Spontaneous abortion

Our results showed that occupational exposure to a mixture
of organic solvents significantly increases frequency of
spontaneous abortion. In this study, we considered many
confounding factors including age at the time of pregnancy,
BMI, work experience, and ergonomic factors. In some
studies, high physical demands of the job, different types of
inappropriate working postures (prolonged sitting and

Table 5 Interaction of exposed to organic solvents and work shifts on spontaneous abortions

Variables® Number (N = 406) Percent (%) OR 95% CI
Organic solvents = 0, work shift = 0 141 34.7 1.00 -
Organic solvents = 0, work shift = 1 60 14.8 4.10 1.69-9.93
Organic solvents = 1, work shift = 0 158 38.9 5.40 2.02-14.37
Organic solvents = 1, work shift = 1 47 11.6 13.53 5.28-34.62

# Organic solvents: 0 = non-exposed to organic solvents, 1 = exposed to organic solvents; shift work: 0 = fixed day time work, 1 = shift work

Table 6 Correlation between Time to pregnancy and variables of study by logistic regression analysis (n = 406)

Variable Status p OR 95% CI P value
Exposure to organic solvent Non-exposed (n = 201) - 1 - -

Low (n = 101) 1.65 2.76 1.15-4.21 0.045

High (n = 104) 1.98 4.48 1.89-8.43 0.001
Age at pregnancy (year) <28 (n = 208) - 1 - -

>28 (n = 198) 1.64 2.97 1.18-4.74 0.024
Work experience (year) <9 (n = 202) - 1 - -

>9 (n = 204) 1.07 2.95 1.22-5.02 0.035
Work Shifts Fixed day time work (n = 299) - 1 - -

Shift work (n = 107) 1.25 2.85 1.11-4.36 0.048

Time to pregnancy period was divided into 2 categories of TTP > 12 month and TTP < 12 month
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standing) and heavy lifting considered as probable causes
of increased rate of spontaneous abortion (Taskinen et al.
1986). However, results of some studies have not con-
firmed these findings (Marbury et al. 1984).

The results of a study that was conducted in Canada
shows that workers with lifting more than 10 kg of weight,
had an increased frequency of spontaneous abortion
(23.6%) was seen in comparison to other workers (17.7%;
McDonald et al. 1983). In a study on women who worked
in laboratory and had history of heavy lifting, a slight
increase in spontaneous abortion was seen, though not
significant (RR = 1.36, CI = 0.91-2.02; Axelsson et al.
1984). In the current study, exposed group did not differ
from non-exposed group in terms of ergonomic factors
(P > 0.05). Also in our study the frequency of spontaneous
abortion in exposed group was 10.7% which is compatible
with the results of Elliott et al. (1999).

In previous studies, the detrimental effects of occupa-
tional exposure to organic solvents on the reproductive
system have been described (Chen et al. 2002; Smith et al.
1997). Previous studies have shown the relationship
between occupational exposure to different concentration
levels of organic solvents and spontaneous abortion
(McMartin et al. 1998; Wennborg et al. 2002). In our study,
even after adjustment for confounding factors, a significant
association was seen between spontaneous abortion rate
and occupational exposure to organic solvents mixture at
high and low concentrations (P < 0.05). Also, the ORs for
spontaneous abortion were higher among women workers
with high levels of exposure to organic solvents. The
findings agree with the findings of Agnesi et al. (1997).

Since workers in work environment may have exposure
to a mixture of organic solvents, it is difficult to attribute
spontaneous abortion to a specific solvent. In our study,
formaldehyde, phenol and chloroform were the major
component of the organic solvent mixture. In some studies,
the association between occupational exposure to chloro-
form and spontaneous abortion has been reported (Lindbohm
et al. 1992).

In Axelsson et al. (1984), study, an increased probability
of spontaneous abortion was seen amongst laboratory
workers who had occupational exposure to chloroform.
However, in a study in Sweden by Wennborg et al. (2000)
on 856 laboratory workers who had occupational exposure
to chloroform, no significant difference was observed
regarding spontaneous abortion between exposed group vs.
non-exposed group (P > 0.05). In previous studies, the
relationship between occupational exposure to formalde-
hyde and spontaneous abortion has been reported (Taski-
nen et al. 1999). The mechanism of spontaneous abortion
due to occupational exposure to formaldehyde is not clear.
Formaldehyde like most forms of organic solvents passes
through the placenta and causes adverse effect on the fetus.

Accompany between exposure to organic solvent and
salpingo-ovaritis has been reported in previous studies
(Taskinen et al. 1999). Smith et al. (1997), found an
association between exposure to organic solvents, and tubal
infertility. Infection is a common cause for tubal infertility,
and hypothetically, external agents might modify the
effects of the infectious agents in the inner genitalia
(Taskinen et al. 1999).

In our study, even after adjustment for confounding
variables, female shift workers had significantly more
spontaneous abortions than daytime workers (P < 0.001).
Also, a synergistic effect on spontaneous abortion was seen
between shift working and occupational exposure to
organic solvent mixtures (SI = 2.85). Information on shift
work, in developing countries, is very limited. According
to ILO statistics, about 15-30% of working population in
developing countries are shift workers (Dumont 1985).

The results of previous studies indicate adverse effects
of shift working on pregnancy outcomes (Axelsson et al.
1996; Zhu et al. 2004a). However, some studies have not
confirmed the aforementioned findings (Eskenazi et al.
1994; Fenster et al. 1997). In Li et al. (2002), study, a
significant correlation between nighttime working and
spontaneous abortion was found. Whelan et al. (2007),
study results showed that nighttime working and increased
working hours causes increased likelihood of spontaneous
abortion. The Mechanism of adverse effects of shift
working on pregnancy outcomes, including spontaneous
abortion is not clear. Hormonal disturbance, sleep rhythm
disorders and abnormal circadian rhythm that cause alter-
ations and disturbance in cellular immunity balance which
is necessary in maintaining pregnancy is a possibility
(Akerstedt 1990). Also, shift working by causing physio-
logic dysfunction and impairment in circadian rhythm
decreases the production of melatonin (Whelan et al.
2007). Hansen (2001) study showed that nighttime working
causes extensive changes in the amount and time of mel-
atonin production. Reduced production of melatonin causes
changes in the concentration level of other hormones such
as estrogen and progesterone which are essential for
pregnancy (Whelan et al. 2007).

Time to pregnancy

In our study mean time to achieve pregnancy (TTP) in
exposed and non exposed groups were 9.55 and
7.52 months respectively and a significant relationship
between occupational exposure to mixed organic solvents
and increased waiting time to become pregnant (TTP) was
seen which is in agreement with the results of Sallmen
et al. (2003), study. On the other hand the mean time to
achieve pregnancy (TTP) in exposed and non exposed
groups derived from this study are too long in comparison
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of other similar studies (Sallmen et al. 2008). This differ-
ence may be due to inappropriate and inadequate educa-
tions about sexual habits and sexual health in Iranian
working population. Also based on the results of a similar
study, Prolonged TTP indicates reproductive loss at any of
several different stages, including gametogenesis, transport
of gametes in both male and female reproductive tracts,
fertilization, migration of zygote to uterus, implantation,
and early survival of the conceptus (Bretveld et al. 2008).

Also a dose-response relationship was observed for
increased TTP with odds ratios increasing from 2.76 in the
low exposed group to 4.48 in the high exposed groups. Our
findings are in agreement with previous studies (Chen et al.
2002; Sallmen et al. 2008; Taskinen et al. 1999).

The study limitations were the difficulty in identifying
and recognition of spontaneous abortion especially in early
stages. Also in this study, because of some limitations, the
study design was retrospective and results of retrospective
studies on spontaneous abortion can be influenced by recall
bias. Therefore, it is recommended that prospective studies
about evaluation of correlation between occupational
exposure to mixture of organic solvents and spontaneous
abortion should be done in case of the confirmation of our
results; spontaneous abortion should be prevented by lim-
ited occupational exposure with organic solvents mixture.

Conclusions

This study provides limited support for the hypothesis that
exposure to organic solvents is associated with decreased
fertility. Also our findings provide further evidence that
exposure to organic solvents possibly leading to prolonged
time-to-pregnancy.

Since spontaneous abortion due to occupational expo-
sure to organic solvents can be prevented with avoidance of
exposure, before any invasive measurement to resolve
infertility, occupational exposure of workers should be
assessed and unnecessary measures such as surgery and
expensive medical treatments should not be initiated.

Generally, since there is probability of spontaneous
abortion caused by occupational hazards, it is possible to
discriminate occupational cases from idiopathic ones by
reviewing occupational exposure of workers to prevent
from imposing additional health costs to workers and a step
towards improvement in occupational health of workers
community.
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