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Introduction:  In recent years scientists have become increasingly aware that both naturally 

occurring and human-made chemicals can disrupt reproductive function in wildlife and 

experimental animals (Colborn, et al., 1993).  With increased awareness there has been a parallel 

increased concern at all levels of society that exposure to environmental toxicants can have 

adverse effects on human fertility.  Indeed, there is a perception that the prevalence of human 

infertility is increasing. The purpose of this article is to provide the reader with a critical 

assessment of the extensive literature pertaining to the association between exposure to 

chemicals such as dietary factors and environmental contaminants, and impaired human fertility. 

It is beyond the scope of this article to provide a detailed review of all of the chemicals that have 

been shown to have reproductive effects in animal or cell culture experiments.  Therefore, we 

will provide the reader with examples of the evidence for potential adverse effects on 

reproductive function for some commonly encountered chemicals.   

 

The endocrine system and reproductive endocrinology: A brief introduction to the endocrine 

system and reproductive endocrinology is essential to understand how chemicals can produce 

harmful effects in humans.  Typically the endocrine system is composed of several brain regions 

(pineal and hypothalamus) and distinct glands (pituitary, thyroid, pancreas, adrenal, ovary, testis, 

and placenta) that produce both chemical messengers called hormones that are either proteins or 

steroids.  Hormones produced by endocrine glands are secreted into the blood stream and direct 

the activity of cells in target tissues located elsewhere in the body.  In general hormones of the 

endocrine system regulate metabolism, growth, development, stress responses, and reproductive 

function. Member glands of this system respond to changes in our physical (temperature and 

radiation) and chemical environment by making and releasing hormones that function to 
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maintain homeostasis (maintain body functions in balance) and coordinate the function of cells 

throughout the body.  Protein and steroid hormones produced by glands of the endocrine system 

including the ovaries and testes are precisely regulated to deliver signals that govern everything 

from the development of sperm and eggs, the ovarian and menstrual cycles, development of the 

fetus to coordination of growth, metabolism, and temperature regulation in adults. While 

endocrine glands produce many hormones, cytokines and growth factors, the principle 

reproductive hormones are the protein hormones: luteinizing hormone (LH); follicle stimulating 

hormone (FSH); and the steroid hormones: estradiol (E2); progesterone (P4); testosterone (T); 

and dihydrotestosterone (DHT).   

In recent years, animal experiments have demonstrated that chemicals that either 

compose the foods in our diet or contaminate them can: (1) act like the steroid hormones 

(Markey et al. 2001;Olea et al. 1996; Soto et al. 1995; 1994), (2) increase the production or 

metabolism of hormones (Chedrese and Feyles, 2001; Crellin et al. 2001; Andersen et al. 2002; 

Sanderson et al. 44-54;Sanderson et al. 2000; 2002), or (3) block the hormone signals at target 

tissues (Kelce et al. 1994; 1995; 1997). However applying results of animal experiments to 

humans is not as straightforward as it would seem.  Although experimental animals like humans 

possess an endocrine system for signaling, the hormones and cellular functions they regulate are 

not exactly alike across species.  For example, menopause in women is known to result when the 

number of eggs remaining in the ovaries falls below a threshold of approximately 1,000 and is 

associated with a decline in circulating estrogen (Lamberts et al. 1997; Stanford et al. 1987; 

O'Keane 1996).  In contrast, in the Sprague Dawley rat, a species widely used in animal 

experiments, reproductive senescence or failure results from changes in the hypothalamus and is 

associated with an increase in circulating estrogens.  Consequently, despite findings of adverse 
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reproductive effects in experimental animals and evidence of potential hazard to human 

reproductive health uncertainty still remains.  Approaches used to reduce uncertainty include 

mechanistic studies in animals and tissue culture, epidemiological studies to determine if similar 

effects are found for people with occupational exposures, and quantification of exposure; 

measurement of chemicals in food, water, air, or body fluids (Chapin et al. 1998). While many 

animal studies have successfully documented potential hazards there are very few studies that 

have documented human exposure or explored the link between exposure and potential adverse 

health effects. 

  

Chemical exposure and reproductive function:  On a daily basis people are exposed to vast 

numbers of chemicals through food, air and water.  While some chemical exposures are 

intentional others are inadvertent, unwanted, and potentially hazardous to human health.  Wanted 

exposures include those chemicals that make up our food (proteins, minerals, and vitamins) and 

medications prescribed by a physician for a demonstrated health problem.  For the most part 

these chemicals are regarded as safe and any documented risk is managed through restricted 

access such as prescription status for chemicals that are marketed as drugs. However, even with 

dietary components excessive exposure can be associated with negative health impacts.  In recent 

years natural or complementary (alternative) medicines (black cohosh, Echinacea, evening 

primrose oil, and pregnancy tea) have emerged as major commercial health products, however, 

their efficacy in many cases has not been proven nor has their safety been examined 

experimentally. Moreover, the absence of quality control, lack of consistency in active product 

between different manufacturers, and reports of adulterated products naturally raise concern. 

While use of alternative medicines is generally thought to be safe and pose no threat to human 
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health, studies are starting to appear in the scientific and medical literature that are causing many 

scientists concern.  For example, the isoflavones present in foods such as tofu, soybeans, and 

chickpeas have been shown to have estrogen-like activity (Soto et al. 1995) that is thought to 

have beneficial effects for older women entering menopause (Hale et al. 1999) and to provide 

protection against breast cancer (Lamartiniere et al. 1998; McMichael-Phillips et al. 1998; 

Peterson et al. 1996; Messina 1999; Messina and Loprinzi 2001). However, recent studies 

suggest that exposure to these chemicals at earlier life stages may have adverse health 

consequences for estrogen dependent diseases later in life such as breast cancer and 

endometriosis (Yang et al. 2000; Allred et al. 2001a; 2001b).  Phytoestrogens have been shown 

to impair fertility in sheep and birds (Millam et al. 2001; Setchell et al. 1987). Hence, scientists 

are becoming aware that just because a chemical occurs naturally in the environment, it cannot 

be taken as an endorsement of its safety.  Therefore, even with naturally occurring substances 

and health products, caution must be exercised and if uncertainty remains then consulting a 

physician, pharmacist or registered dietician may be helpful. 

Exposure to tobacco smoke represents a unique set of circumstances since exposure can 

be both intentional (smoker) and unintentional (second hand smoke). Epidemiological studies 

have demonstrated that female smokers enter menopause approximately two years ahead of non-

smokers (Harlow and Signorello 2000).  In male smokers there is a greater risk of sexual 

dysfunction and decreased semen quality (Kunzle et al. 2003; Jensen et al. 1998; Vine et al. 

1996; Chia et al. 1994; Saaranen et al. 1987). Tobacco smoke is composed of a vast number of 

chemicals and only a few have been studied for their effects on the reproductive system. Animal 

experiments have shown that some chemicals present in tobacco smoke are toxic to the 

development of sperm, eggs, and embryos (Zenzes 2000; Zenzes, Bielecki, and Reed 1999; 
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Zenzes et al. 1999; Zenzes, Puy, and Bielecki 1998; Zenzes and Reed 1998; Zenzes, Reed, and 

Casper 1997; Zenzes, Wang, and Casper 1995; Matikainen et al. 2001). There is also evidence 

that these chemicals adversely affect the transport of the egg along the fallopian tube 

(DiCarlantonio and Talbot 1999).  Therefore, there is abundant evidence that direct exposure to 

tobacco smoke has a negative impact on human fertility and there is concern that this will extend 

to second hand smoke exposure as well.   

Unwanted or inadvertent exposures describe exposure to chemicals that contaminate our 

food, our work environments or are present without our knowledge in our living environment.  

Scientists classify chemicals on the basis of their action or chemical characteristics of the 

compounds.  For the purposes of our discussion we will refer to chemicals exposures that include 

solvents, polyhalogentated aromatic hydrocarbons (PHAHs, produced by combustion of fossil 

fuels, and charbroiling of food), pesticides, metals, and plasticizers (chemicals used to make 

plastics soft and pliable). Of the human-made chemicals recent concern has focused on those 

chemicals that possess estrogen like activity (Table I). However, it is now known, from animal 

experiments and tissue culture studies that chemicals can also: (1) increase the metabolism of 

estrogen and other reproductive hormones, (2) inhibit their activity, (3) increase the production 

of these hormones, and (4) affect reproductive and development through direct toxicity to cells.  

Chemicals that act in this manner are endocrine toxic and have been dubbed “endocrine 

disrupters”, “hormone mimics”, or “hormonally active chemicals”.  While these compounds have 

been associated with adverse health effects in wildlife, fish, and experimental animals (Damstra 

et al. 2002), there is much less certainty about their effects in the general human population. 

Several studies have reported that there has been a dramatic decrease in semen quality. 

Numerous studies of semen quality have appeared in the literature in recent years, some showing 



Table I. Chemicals from several different chemical classes that have been linked with reproductive effects demonstrated through 
animal experiments. 

Chemical class Chemical Sources Effects 
Phytoestrogens Genistein Soybeans, tofu & chickpeas Estrogenic effects & premature sexual development 
Polyhalogenated aromatic 
hydrocarbons 

Benzo[a]pyrene Tobacco smoke, diesel exhaust Oocyte demise & embryo destruction 

 PCBs* Oils, electric coolant Loss of ovarian follicles & hormone dysregulation 
 Dioxins and Polychlorinated 

dibenzofurans (PCDF)* 
Incineration of plastics, forest fires, 
automobile exhaust, & pesticide 
manufacturing 

Altered ovarian cycles and destruction of growing ovarian 
follicles. 

 Brominated Diphenyl Ethers Flame retardants Thyroid toxic, ovarian toxic 
Pesticides – Fungicide Hexachlorobenzene* Long range transport# Spontaneous abortion$ & luteal phase dysfunction 
 Vinclozolin Residues in food Antiandrogen 
                 - Insecticide Mirex Residues in food Estrogenic effects 
                  Endosulfan Residues in food Estrogenic effects 
 Dieldren Residues in food Estrogenic effects 
 Dibromochloropropane  Decreased sperm counts & infertility$ 
 Carbaryl Lawn spraying, skin & residues in food No apparent effects alone, spontaneous abortion in mixtures? 
 DDT/DDE* Long range transport#, residues in food Estrogenic, antiandrogen, decreased semen quality 
                 - Herbicide 2,4-D Lawn spraying Spontaneous abortion, small for gestational age$ 

 Dicamba Lawn spraying No apparent effects alone, spontaneous abortion in mixtures? 
 Mecoprop Lawn spraying No apparent effects alone, spontaneous abortion in mixtures? 
Metals Lead Dust, cosmetics, game birds Decreased semen quality and spontaneous abortion 
 Cadmium Tobacco smoke Follicle loss 
Solvents Benzene Tobacco smoke, gasoline Follicle destruction 
Plasticizers Nonylphenol Residues in food Estrogenic effects & premature sexual development 
 Di-butylphthalate Residues in food Estrogenic effects 
 Alkylphenol ethoxylate Residues in food Estrogenic effects 
 Bisphenol A Residues in food Estrogenic effects 

* Chemical toxicants whose use has been banned in Canada 
$ Effect documented in the human population 
# Long range transport = chemicals banned from use in NA but enter our environment through transport in the atmosphere 
following use or release elsewhere in the world. 
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a decline, no change or an increase (Reviewed in Damstra et al., 2002).  While there is no 

conclusive evidence that semen quality has changed over time, it is possible that large population 

based studies may miss regional differences. Indeed, in Canada we have shown that there are 

some regions where semen quality is lower than for other centers (Younglai et al. 1998).  

However, the explanation for these differences is unclear, as no studies have been undertaken to 

explore potential causal relationships.  In addition, there is very little information in the literature 

relating changes in semen quality with direct measurements of exposure to chemical 

contaminants and thus it is not possible to draw any conclusions about the potential role of 

environmental contaminants in changes in human semen quality.  

There is a general perception that the prevalence of infertile couples has increased in 

recent years leading to speculation that environmental contaminants may be playing a role in this 

phenomenon.  However, several studies conducted in the United States and Canada has been 

unable to show an increase in infertility rates.  Regardless, a single study conducted in New York 

State has shown that the risk of infertility and endometriosis is greater for couples living in 

heavily contaminated regions compared to couples living in other regions of the State (Carpenter 

et al. 2003).  Unfortunately, no measurements of chemical contaminants were performed in this 

study and thus there is no way to know what chemicals may or may not be involved.  Therefore, 

although the literature does not support the conclusion that infertility rates are increasing, there is 

the potential for regional differences that may be related to exposure to environmental 

contaminants. 

Several studies have demonstrated that exposure to environmental toxicants from several 

different chemical classes are associated with adverse reproductive outcomes (Table I).  

Occupational exposure to pesticides has been linked with decreased semen quality, infertility, 
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and spontaneous abortion.  The pesticide dibromochloropropane was convincingly linked to 

decreased semen quality and infertility in a population of workers exposed to this compound 

during manufacture (Slutsky et al. 1999; Goldsmith 1997; Potashnik and Porath 1995).  To 

determine the effect of exposure to pesticides on reproductive health, agricultural workers have 

been studied in several studies from different countries.  However, while there are published 

studies that report an association between pesticide exposure (Abell et al. 2000; Padungtod et al. 

1998; Yousef et al. 1995), there are also studies that fail to demonstrate any relationship between 

exposure to pesticides and adverse outcomes (Juhler et al. 1999; Larsen et al. 1998; 1999).  In a 

Canadian study, exposure to the phenoxy herbicide, 2,4-dichlorphenoxy acetic acid (2,4-D) was 

associated with spontaneous abortion (Arbuckle et al. 2001; Arbuckle et al. 1999) and small for 

gestation age (Savitz et al. 1997).  However, other studies exploring the association between 

exposure to pesticides and reproductive function have failed to find a positive association 

(Axmon et al. 2000; Savitz et al. 1994; Willis et al. 1993). Hence, the effect of pesticides on 

human reproduction remains controversial.  Reasons for failure to detect any relationship may be 

related to the small sample size of the studies as well as the low frequency of the adverse 

outcomes being studied.  Studies examining occupational exposure to chemicals where the 

exposure is well defined have produced conclusive results whereas results of studies in which 

exposures are representative of the general population have failed to show any association 

between exposure and adverse outcomes on reproductive function. 

To better understand the relationship between chemical contaminants and potential 

adverse reproductive outcomes, animal experiments have been conducted.  Numerous studies 

have demonstrated that chemicals from almost every chemical class possess the potential to 

change reproductive function.  However the dose levels used in these studies are several orders 
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of magnitude in excess of the concentrations to which people would be expected to be exposed.  

For example, animal experiments with chemicals such as metals, mirex, hexachlorobenzene, and 

PHAHs have been shown to affect circulating reproductive hormone levels, fertility, and 

reproductive behavior. Impaired development of reproductive tissues and reproductive function 

in adult animals has been demonstrated in experiments using human-made chemicals. Studies 

designed to test the ability of chemicals to bind with estrogen receptors and to stimulate estrogen 

dependent responses have been conducted in tissue culture.  These studies have shown that many 

chemical contaminants can bind with estrogen receptors and stimulate estrogen-dependent gene 

responses. Results of these studies also suggest that human-made chemicals are much less potent 

than endogenous estrogens and estrogenic chemicals present in foods such as soybeans, 

chickpeas and tofu.  Other chemicals such as vinclozolin and p,p’-DDE have been shown to 

block testosterone binding with the androgen receptor and are thus considered anti-androgens.   

In summary there is a lack of evidence that there is an increase in the prevalence of 

infertility amongst the Canadian population.  However, epidemiological studies have provided 

evidence that there may be regional differences in the reproductive capacity of Canadians. 

Laboratory animal experiments and cell culture studies have shown that chemicals from dietary 

sources and human-made compounds can interact with the reproductive endocrine system and 

possess the potential to affect human reproductive function.  However, there is no evidence that 

exposures to human-made chemicals amongst the general population are sufficient to induce 

adverse effects. 

 

Conclusions:  Despite the prevailing popular opinion, there is no evidence that there has been 

any increase in the number of infertile couples in Canada.  However, it is important to note that 
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regional changes in infertility or even greater rates of infertility in some regions compared to 

other areas may be missed by large population based studies. Occupational exposure to 

chemicals has been linked with adverse reproductive outcomes and infertility. However, there is 

no convincing evidence in the literature linking exposure in the general population to 

environmental contaminants and impaired fertility. By comparison, intentional exposure to 

toxicants present in tobacco smoke has been associated with decreased semen quality in humans, 

egg destruction and embryo loss in animal experiments.  Animal studies reveal that chemicals 

from multiple chemical classes affect reproductive endocrine homeostasis and fertility.  Hence, 

we conclude that chemical contaminants have the potential, when exposures exceed a threshold 

level, to affect human reproductive function. Continued investigation of the links between 

exposure to chemical contaminants and new chemicals, and reproductive function will be 

required to characterize hazards and define the human health risks associated with these 

exposures. A small group of Canadian scientists from government and university laboratories 

continue to study the reproductive effects of human-made and dietary chemicals. Regulatory 

bodies within Health Canada and Environment Canada review the published literature and where 

necessary take appropriate steps to restrict or eliminate the use of chemicals with the potential to 

adversely impact human health. 
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