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The human reproductive system can be affected by occupational exposure to many physical and chemical
risk factors. This studywas carried out to review the studies conducted on the issue of the pathophysiological
effects of occupational physical and chemical risk factors on the reproductive systemof females andmales. In
this systematic review, the databases such as “Google Scholar,” “Pub-Med,” “Scopus,” and “Web of Science”
were used. Following the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA
2020), the studies included in our study were published between 2000 and 2021. In order to extract the
required data, all sections of the articles were reviewed. Out of 57 articles we reviewed, 34 articles were
related to field studies and 23 articles to clinical studies. Among them, 43 studies dealt with the patho-
physiological effects of chemical agents, six studies dealt with the pathophysiological effects of physical
factors, and 8 studies dealt with the pathophysiological effects of physicochemical factors on the human
reproductive system. Physical (noise, heat, and radiofrequency radiation) and chemical (such as carbamate
and organophosphate pesticides, benzene, toluene, xylene, formaldehyde, NO2, CS2,manganese, lead, nickel,
and n-hexane) risk factors had pathophysiological effects on the human reproductive system. The presence
of these risk factors in the workplace caused damage to the human reproductive system. The rate of these
negative pathophysiological effects can be reduced by performing appropriate managerial, technical, and
engineering measures in work environments.
� 2022 THE AUTHORS. Published by Elsevier BV on behalf of Occupational Safety and Health Research
Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Occupational activities generate many various physical and
chemical risk factors. The variety of these environmental risk fac-
tors has often caused most employees to be exposed to various
occupational hazards [1]. Following workers’ exposure to these risk
factors, their health is likely to be affected, leading to various dis-
eases and physiological disorders, including cancers and neuro-
logical and systemic abnormalities [2].
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The reproductive system is one of the most sensitive systems in
the human body that can be affected by these occupational expo-
sures [3]. This system is a distinct set of organs that work together
to reproduce and deliver live offspring. Despite anatomical differ-
ences in this system between men and women, their reproductive
systems are complementary and created to ensure the generation’s
survival [4]. Female and male reproductive systems consist of
various components, such as sperm, seminal fluid, and hormones,
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whose physiological parameters can be affected by occupational
exposures [5].

In fact, it is possible that following exposure to many of these
risk factors, the human reproductive system is affected and causes
irreversible health, psychological, and social effects on workers
[6,7]. Reproductive system disorders cause unintended conse-
quences such as infertility, microscopic changes in the reproductive
system, and destructive psychological effects on marital relation-
ships [8]. Some adverse effects that may occur due to exposure to
these risk factors in the human reproductive system include
changes in the number of sex hormones, the emergence of abnor-
malities in the parameters, and the quality of semen [9,10].

Many studies have investigated the pathophysiological effect of
various factors on the level of health of the human reproductive
system. Many chemicals in the workplace hurt the human repro-
ductive system [11]. Among the studies conducted on this topic,
some have received contradictory answers. For example, a study
showed that most of the glycol ethers used in that study did not
affect the semen parameters of these individuals, while the glycol
ethers used in the 1960s affected semen quality [12]. Although the
possibility of some metals affecting the reproductive system has
been investigated and generally confirmed, a study showed that
being exposed to metal pollutants did not affect male fertility [13].

Many physical risk factors also affected this system [14]. For
example, one of these risk factors is heat. A cross-sectional study
involving some employees who worked in the steel industry
revealed that the parameters of workers’ semen were affected by
heat [15]. Another example is noise. A clinical study involving men
who visited an infertility clinic for diagnostic purposes showed that
exposure to noise while working reduced sperm motility [16].

On the other hand, many workers are constantly exposed to
these physical and chemical risk factors [16]. The work activity of
many workers is such that they spend the entire work shift or a
large part of their shift with many of these risk factors. So, their
working conditions are such that they provide a basis for damage to
many of their body systems, including the reproductive system [6].
Therefore, more studies should be done on the impact of workplace
risk factors.

In addition, according to searches in authoritative scientific
sources, the present study’s authors did not find a systematic re-
view study that comprehensively investigates the pathophysio-
logical effects of physical and chemical risk factors of occupational
environments on the human reproductive system. Therefore, the
present research, using the keywords mentioned in the next sec-
tion (Materials and methods), reviewed the studies conducted on
the pathophysiological effect of physical and chemical risk factors
on the reproductive system of females and males.

2. Materials and methods

2.1. Search strategy

The male reproductive system is made up of the external geni-
talia (a penis and bilateral testes within the scrotum) and the in-
ternal reproductive organs (prostate gland, vas deferens or
ejaculatory ducts, and seminal vesicles) [17]. Ovaries, fallopian
tubes, uterus, and vagina are also part of the female reproductive
system [18]. Considering these definitions, the authors used the
authoritative databases of “Google Scholar,” “Embase,” “Scopus,”
“PubMed,” “Web of Science,” “IranMedex,” “IranDoc,” “SID,” and
“Magiran” to search for relevant articles. Research articles pub-
lished in Persian and English from 2000 to 2021 in these databases
have been extracted. To find relevant articles in 2022 (February to
March), the following English and Persian keywords were
searched: “Physical risk factors,” “Chemical risk factors,” “Occupa-
tional exposure,” “Reproductive functions,” “Sexual functions,”
“Reproductive hormones,” “Sex hormones,” “Sex organs,” “Semen
quality,” “Reproductive disorders,” “Reproductive organs,” “Female
Reproductive System,” “Male Reproductive System,” “Fertility,”
“Fecundity”, “ یاهروتکافکسیر“,”یکیزیفیاهروتکافکسیر

یاهنومروه“,”یلثمدیلوتیاهدرکلمع“,”یلغشههجاوم“,”ییایمیش
لثمدیلوتمتسیس“,”ینمعیامتیفیک“,”یسنجیاهنومروه“,”یلثمدیلوت
یاهمادنا“,”یلثمدیلوتتالالتخا“,”نادرملثمدیلوتمتسیس“,”نانز

یلثمدیلوت ”, and “ یروراب ”. The collected articles were entered into
EndNote, X20 software, and duplicate articles were removed.

2.2. Study selection and data extraction

In order to select articles, five authors reviewed the search re-
sults and screened qualified articles for full-text review based on
the title and abstract and two others, one as the team leader and the
other as a consultant, supervised the research implementation
process. Also, in order to extract data, on the one hand, all studies
that specifically investigated the pathophysiological effects of
occupational physical and chemical risk factors on the reproductive
system of females andmales were included in this study, but on the
other hand, nonresearch articles such as authors’ notes, editorials,
popular texts, and articles not written in Persian and English were
removed. These forms contained information such as the study
design, country and year of publication of the article, occupational
risk factor, study population (number, gender, and age of partici-
pants), confounding factors, and pathophysiological reproductive
effects. The articles containing these forms’ information were
selected, and other articles were discarded.

2.3. Evaluation of quality of articles

In order to present this study and evaluate the quality of the
articles, The Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) 2020 [19] and The Joanna Briggs Institute
(JBI) checklist [20] were used, respectively.

3. Results

Fifty-seven studies were finally selected for use in this article
(Fig.1). Among them, thirty-four studies were field studies (59.65%)
and 23 studies were clinical studies (40.35%) (Tables 1 and 2). In
field studies, 33 studies (97%) were conducted with the participa-
tion of men, and 1 study (3%) with the participation of women. In
clinical studies, 19 studies (82.6%) were conducted with the
participation of men, 1 study (4.4%) with the participation of
women, and 3 studies (13%) with the participation of women and
men.

According to Tables 1 and 2, 28 studies (49.1%) were cross-
sectional, 16 studies (28.1%) were case-control, and 13 studies
(22.8%) were performed according to other study designs. Out of 57
studies, 11 studies (19.3%) were conducted in China, 5 studies in
Iran (8.8%), and 5 studies (8.8%) in the United States (Fig. 2). Among
them, the share of Asia was 23 studies (40.35%), Europe 15 studies
(26.3%), North America 10 studies (17.54%), Africa 5 studies (8.8%),
and South America 4 studies (7.01%).

Forty-three studies (75.44%) investigated chemical agents, 6
studies (10.53%) investigated physical agents, and 8 studies
(14.03%) investigated physicochemical agents (Fig. 3). Among them,
in field studies, 30 studies (88.23%) studied chemical factors. Also,
in clinical studies,13 studies (56.5%) investigated chemical agents, 2
studies (8.7%) investigated physical factors, and 8 studies (34.8%)
investigated physicochemical factors.
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Fig. 1. The process of identifying and selecting the articles.
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Among the physical risk factors of work environments, the
pathophysiological effects of heat, noise, vibration, extremely low-
frequency magnetic field (ELF-MF), and radio frequency (RF) radia-
tion on the parameters of the human reproductive system were
studied. According to the results, the noise reduced testosterone (T)
levels [11]. Heat could also affect sperm volume, morphology, num-
ber, andmotility [15]. Among the radiation rays, RF radiation affected
follicle-stimulating hormone (FSH) levels and increased them, and
caused harmful effects on the human reproductive system [21].

In addition, several other chemical risk factors had destructive
pathophysiological effects on the human reproductive system.
Semen quality could be affected by pesticides of carbamate and
organophosphate, lead, cadmium, benzene, toluene, and xylene
(BTXs) [31,35,39,43]. Sperm motility can also be overshadowed by
being exposed to ethylbenzene, BTXs, formaldehyde, bisphenol A
(BPA), NO2, lead, CS2, and manganese (Mn) [9,10,27,28,33,41,44].

These chemical risk factors also affected other parameters of the
reproductive system. Ethylbenzene, BTXs, BPA, and lead affected the
total sperm count [9,10,44]. Exposure to chromiumand BPA changed
sperm concentration [9,42]. Carbamate and organophosphate pes-
ticides, n-hexane, municipal solid waste, soil and paint, CS2, and BPA
affected sex hormones [23e27,30,34,35]. In addition, pesticides
affected sperm morphology [25]. Infertility, congenital anomalies
and miscarriage were reported in humans following being exposed
to pesticides, n-hexane, and organic solvents [23,29,38,40].

According to Table 2, radiation, fungicides, herbicides, and
electromagnetic fields (EMFs) increased fertility problems in in-
dividuals [49,60,67]. Excessive heat, noise, polyvinyl chloride (PVC),
polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocar-
bons (PAHs), and glycol ether also had detrimental effects on sperm
motility [16,55,57,61,66]. Some phthalates, SO2 and NO2, affected
the concentration and the total number of sperm [50,52].
Furthermore, sperm concentration could be affected by PVC [16].
Sperm quality could also change after being exposed to pyrethroid
insecticides, phthalates, noise, polychlorinated biphenyls, and
hexachlorobenzene [16,52,53,56]. Some sex hormones are also
damaged by being exposed to solvents [68].

The influence of many of thesework environment risk factors on
the human reproductive system has made this issue always
important and constantly being researched (Fig. 4). It is worth
mentioning that many of these studies were conducted considering
confounding factors such as age, race, BMI, education, marital sta-
tus, smoking, income, abstinence time, alcohol consumption, and
working age.
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4. Discussion

Occupational exposure to physical and chemical risk factors
could have different pathophysiological effects on the reproduc-
tive system of men and women. According to the investigations,
these risk factors could affect some parameters of the reproduc-
tive system, including parameters related to sperm (such as vol-
ume, morphology, and motility) [15,25,27,35,54], semen quality
[12,15,31,39,45], sex hormones (such as T and LH) [3,14,21,23,24],
and fertility status [13,29,49,60,65].

The mentioned pathophysiological effects of these risk factors
in many industries, including process industries (such as power
plant and steel industries), manufacturing (such as rubber, shoe,
and automobile parts manufacturing plants), and services (such
as traffic police officers and painters) have been investigated
[10,11,14,15,23,38,39,44,47]. The results of the studies showed the
variable extent of the pathophysiological effects of these risk
factors on the human reproductive system according to their
nature and exposure level.

4.1. Exposure to physical risk factors

4.1.1. Radiation
Many industrial workers are inadvertently and significantly

exposed to ionizing radiation during their work shifts [6]. These
radiations had harmful effects on the human reproductive sys-
tem. When being exposed to this radiation, abnormalities occur
due to chromosomal changes caused by exposure, leading to
adverse effects such as congenital disabilities [69]. A retrospective
case-control study showed that occupational exposure to radia-
tion caused adverse effects on fertility [67]. Furthermore, a study
demonstrated that the human reproductive system was affected
by exposure to this radiation, so the quality of semen and
reproductive hormones was altered [21].

4.1.2. Magnetic fields (MFs)
EMFs are also one of the physical risk factors affecting in-

dividuals’ reproductive systems. However, the effects of exposure
to EMFs on the reproductive performance of individuals vary
according to frequency and wave, power (energy), and length of
exposure [70]. One of the reproductive parameters that artificial
EMFs may alter is sperm quality. According to the findings of a
clinical study, increasing exposure to MFs reduced sperm quality.
In addition, this increase in exposurewas statistically significantly
related to sperm density, vitality, and motility [71].

4.1.3. Noise
Occupational and epidemiological evidence indicated the

destructive effect of ambient noise on the reproductive system
[72]. Given that noise stress interferes with the endocrine glands,
this risk factor was assumed to affect fertility. Studies have
confirmed this in animals and humans in noise pollution caused
by excessive standard exposures [73]. In a subjective study based
on the comments of people referred to a clinic in Poland, it was
found that exposure to noise and standing for more than 6 hours
in workplaces with lower semen quality were directly related
[16].

4.1.4. Vibration
Workers in various industries are vulnerable to the vibrations

of their machinery [74]. This component is an environmental
stressor that could directly affect the reproductive system [11].
One study showed that whole body vibration had a high effect on
men’s T hormone as the primary hormone. However, the corre-
lation test results in this study only confirmed the relationship
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Fig. 2. Distribution of field and clinical studies by country (2000e2021).
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between noise exposure and T levels [11]. A cross-sectional clinical
study also showed a significant relationship between mechanical
vibrations, oligospermia and teratospermia [66].

4.1.5. High temperature
Several occupations like baking, making ceramics, and welding

create very high temperatures that can seriously damage the
proper functioning of the human reproductive system [69]. If
workers are exposed to heat stress, their thermal homeostasis is
disrupted due to rising temperatures in the workplace. A study
revealed a negative relationship between some physiological and
most sperm parameters [15]. Among clinical trials, a study showed
that exposure to excessive heat reduced sperm motility [66]. In
Fig. 3. Distribution of field and clinical stud
addition, sperm volume changed due to exposure to high temper-
atures. Exposure to the working environment’s general heat caused
endocrine disorders, exacerbated them over time, and reduced
sperm volume [75].

4.2. Exposure to chemical risk factors

4.2.1. Pesticides
Almost all pesticides have endocrine-disrupting properties [76].

When men are exposed to endocrine disrupting compounds
(EDCs), many fertility parameters, such as undescended testes,
hypospadias, declined semen quality, and testicular cancer, change
negatively [76]. A study found that the herbicides alachlor and
ies based on risk factors (2000e2021).



Fig. 4. Distribution of studies by year of publication (2000e2021).
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atrazine, and the insecticide diazinon were more common in peo-
ple with poor sperm quality [77]. Furthermore, a cross-sectional
study of fruit growers and their spouses in the Netherlands
showed that the time to pregnancy (TTP) was longer during the
spraying season [78]. Another TTP and sperm quality study was
conducted among Danish male farmers and greenhouse workers.
This study also showed that sperm density and motility in green-
house workers decreased with increasing working hours in
greenhouses [45]. Another study suggested that exposure to
occupational pesticides may cause a significant increase in FSH
levels while not affecting the luteinizing hormone (LH) or T in the
sprays studied [24]. Garduno et al also found that exposure of male
flower growers to organophosphate pesticides increased serum
levels of FSH and prolactin while decreasing T [30].

4.2.2. Metals
Many heavy metals expose workers to reproductive dysfunc-

tion. Mn is one of these metals that has been shown to affect some
reproductive parameters, including sperm quality and infertility. A
study showed that high serum Mn levels significantly affected
sperm morphology and motility [79]. In addition to Mn, zinc (Zn)
had destructive effects on the reproductive system. Semen Zn was
associated with sperm count and length of abstinence in men with
delayed fertility. Along with Mn and Zn metals, nickel (Ni) had
negative reproductive effects. Ni could impair male and female
fertility and cause abortion, abnormalities, and birth defects [42].
Lead and cadmium are also heavy metals that affected the repro-
ductive system. A study showed that exposure to these metals
reduced sperm quality without affecting the function of the male
endocrine glands [47].

4.2.3. Solvents
Some studies have been done on the harmful consequences of

reproduction (spontaneous abortion, congenital disabilities, and
childhood cancers) of workers exposed to organic solvents
[38,62,80,81]. A clinical study showed a negative relationship be-
tween exposure to solvents and sperm motility in infertile patients
in Canada [66]. According to the findings of another clinical study,
infertile men worked with solvents 1.73 times more than fertile
groups [82].

Among solvents, formaldehyde is one of the most widely used
substances affecting the reproductive system. A study showed that
formaldehyde affected the quality of semen, especially its excit-
atory parameters [28]. In addition to formaldehyde, PAHs also had
detrimental effects on the reproductive system. Exposure to PAHs
before and after birth was associatedwith reproductive toxicity and
growth. Jurewicz et al found that exposure to environmental PAHs
impaired sperm quality in men [55].

Phthalates are also another solvents that adversely affected the
workers’ reproductive system. These substances affected the con-
centration and quality of sperm. A study demonstrated that the
concentration of monobutyl phthalate significantly affected the
process of decreasing sperm concentration and exposure to dibutyl
phthalate and di-(2-ethylhexyl)-phthalate (DEHP) could reduce
sperm quality [52]. Another study showed that DEHP in the air
adversely affected sperm motility and chromatin DNA integrity
[32]. DEHP and dibutyl phthalate (DBP) have also reduced semen
quality [52].

4.2.4. Gases
Gases are another chemical risk factor that can threaten human

health. A cross-sectional study showed that exposure to NO2 gas
reduced the overall motility of sperm [33]. Another cross-sectional
study suggested that exposure to CS2 reduced sperm viability and
motility and altered FSH, LH, and T hormone levels [27]. In clinical
studies, a study showed that exposure to SO2 and NO2 gases
reduced the concentration, number, and increased motility of
sperm [50].

4.3. Limitations

The reviewed studies had some limitations that should be
considered for future studies. One of these limitations was the
difficulty in sperm and seminal fluid sampling due to cultural and
religious reasons in some studies [3,11]. These studies tried to solve
this limitation by designing and using a questionnaire. Despite
removing this limitation, considering that questionnaires have
inherent limitations and bias is probable in their results, another
limitation was unintentionally added to these studies. It is worth
noting that, in some studies, questionnaires were used instead of
sampling environmental and occupational parameters
[13,16,25,29,38,64e66]. This causes an accurate assessment of in-
dividual exposures to be not made, and the results are expressed
and interpreted more cautiously.
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Another limitations was the small sample size studied inmost of
the studies [3,10,12,22,25,27,34,37,39,45,46,57,58,64]. Usually,
participation rates are low in studies that require semen collection
[67]. This causes the probability of bias in the selection of people. In
addition, the results of the studies could not effectively represent
the real results in the studied population [16,52,54,64]. It is worth
mentioning that in clinical studies, bias is probable in the selection
of subjects and the results presented due to the clinical nature of
these studies [13,52,63].

Like other studies, this systematic review has some strengths
and limitations. One of the strong points of this study is examining
the reproductive pathophysiological effects of occupational phys-
ical and chemical risk factors. For this purpose, the present study
examined nine databases and performed a comprehensive analysis
of a large number of variables. In addition, this article reviews all
the studies conducted around the world and is not limited to one
continent or place. Despite these cases, this systematic review also
has some limitations. This study reviews only articles published in
Persian and English from 2000 to 2021. In addition, the lack of
access to some information and articles due to Iran sanctions is
another limitation of this study.

5. Conclusion

The results of field and clinical studies showed the emergence or
intensification of the pathophysiological effects on the human
reproductive system following being exposed to many physical and
chemical hazardous factors such as noise, heat, BTXs, NO2, and CS2.
The results indicated the weakening of many parameters of the
reproductive system, such as the characteristics of sperm and sex
hormones, after occupational exposure to these risk factors. How-
ever, limited information is available regarding the influencing
process and possible effects of many occupational parameters on
the human reproductive system individually or in combination, as
well as the mechanism of detoxification of the reproductive system
in relation to these risk factors because of the small number of
articles. Therefore, considering the intervening factors and existing
study limitations, it is recommended to conduct more research on
this topic.
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