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Terrestrial ecosystems are contaminated by heavy metals and organic chemicals that can be taken up by and accumulate

in crop plants, and water tables are heavily contaminated by untreated industrial discharges. As deadly particulates can

drift far, poor air quality has become a significant global problem and one that is not exclusive to major industrialized

cities. The consequences are a dramatic impairment of our ecosystem and biodiversity and increases in degenerative or

man-made diseases. In this respect, it has been demonstrated that environmental pollution impairs fertility in all

mammalian species. The worst consequences are observed for females since the number of germ cells present in the

ovary is fixed during fetal life, and the cells are not renewable. This means that any pollutant affecting hormonal

homeostasis and/or the reproductive apparatus inevitably harms reproductive performance. 
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1. Introduction

Environmental pollution, which exerts potentially harmful effects on earth and atmospheric ecosystems, is caused by the

presence of chemical, biological, and physical substances . It is a global problem shared by all developed and

developing countries, but measures to prevent it are considered too costly. However, reduced environmental quality has

long-term socioeconomic consequences: people are exposed to too many environmental toxicants, and their overall

health conditions may worsen due to the synergistic and still-unknown effects of these factors on human health.

One of the most important and underestimated negative consequences is infertility, generally defined as “a disease

characterized by the failure to establish a clinical pregnancy after 12 months of regular and unprotected sexual

intercourse” . It affects about 10–15% of couples aged 20–45 and affects women in 50% of cases. The most common

direct or indirect causes of female infertility are advanced age, endocrine problems, and damage to reproductive

apparatus (vaginal, cervical, uterine, tubal, and pelvic-peritoneal diseases). Premature ovarian insufficiency (POI),

endometriosis, and polycystic ovarian syndrome (PCOS) or sexually transmitted diseases have widely recognized roles in

fertility failure , although approximately 15–30% of cases remain unexplained .

In the last few decades, the increased age of first pregnancy can be considered the first cause of female infertility.

Besides this, also the increasing incidence of cancer, the adoption of unhealthy lifestyles, and exposure to environmental

stressors play a negative role on it. However, while anti-cancer therapies are necessary, the negative effects of poor

lifestyle choices (e.g., smoking, alcohol and drug abuse, and excessive energy intake) and environmental pollution could

be reasonably reduced, sometimes with easy changes of habits and better attention to our ecosystem.

2. How Environmental Pollution Affects Female Fertility

The impact of environmental pollutants has been extensively studied in recent years, and many papers have

demonstrated how such chemicals impair human health (see for reviews: References .

Environmental pollutants can permanently affect male reproductive potential , although these negative impacts can be

attenuated by the presence of spermatogonial stem cells (0.03% of all germ cells) that in the seminiferous tubules is

sufficient for maintaining fertility throughout the male lifespan. By contrast, in the mammalian ovary, the oocyte pool is

fixed at birth, and the absence of stem cells hinders their replacement. Women produce a very small number (about 400)

of potentially fertilizable oocytes from menarche to menopause, since a process of follicular degeneration (atresia) occurs

throughout fetal and adult life, reducing the number of ovarian follicles by more than 99.9%. Some researchers claim that

female fertility is not fixed after all, because their studies support the presence of stem cells in adult ovaries .

Recently, Wagner et al.  confirmed the absence of ovarian stem cells in samples of human ovarian cortices by using

single-cell transcriptome and cell-surface-marker profiling, but this evidence was considered inconclusive by others. This

is a puzzling issue, and there is no simple answer to it. Whatever the different opinions, all researchers agree that the
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production of fertilizable oocytes is a long and complex process dependent on strict collaboration between the germinal

and somatic compartments of the follicle as well as on the coordinated interplay of several hormones. If this orchestration

fails, there is no possibility to become pregnant.

3. Air Pollution

Every day, people living in industrialized countries breathe and ingest a mix of particles and chemicals present in the air,

many of which may also enter the food chain via the contamination of soil and water. The list includes particulate matter

(PM; diameters: 10, 2.5–10 and 2.5 µm), ground-level ozone (O ), benzo(a)pyrene (BaP, the main marker of polycyclic

aromatic hydrocarbon (PAH) presence), polychlorinated biphenyls (PCBs), sulfur dioxide (SO ), nitrogen dioxide (NO ),

carbon monoxide (CO), organic compounds (organic solvents and dioxins) and HMs, all abundantly produced by transport

and industries.

A key question is how unavoidable maternal exposure to contaminants during the pre- and peri-conceptional periods

causes abnormalities in oocytes, embryos, and/or fetuses and is able to hamper the safe delivery of a baby and his/her

overall health and mental activity. 

During pregnancy, fetal growth is accompanied by morphological changes of the placenta such as extensive angiogenesis

in uteroplacental and fetoplacental vasculatures as well as increases in uterine and umbilical blood flows . These

changes are essential for correct fetal development . Thus, factors that affect vascular development and function

will have impacts on fetal growth, development, and survival . It has been shown that air pollution affects the functional

morphology of mouse placenta  and the authors hypothesized that alterations in its functional morphology could at

least contribute to the reduced fetal weights associated with exposure to air pollution. Recently, Segal and Giudice 

proposed that reproductive endocrinologists and gynecologists should promote healthy pregnancies by educating fertile

women to adopt safe lifestyles during the preconception period, including the indoor use of High-Efficiency Particulate Air

(HEPA) filters, and to avoid outdoor activities when the air quality is poor due to heavy traffic.

In this context, smoking habit represents a serious problem. About half of the exposure to benzene in the United States

results from direct or indirect exposure to tobacco smoke (U.S. Department of Health & Human Services, 2019). A recent

report by the American Society of Reproductive Medicine  indicates that in the USA, about 15% of adult women are

smokers but, at the same time, often unfamiliar with the consequences of smoking on their reproductive apparatus. More

importantly, it is generally accepted that people exposed to secondhand smoke can suffer the same health risks of

smokers . A cigarette contains approximately 600 ingredients and, when burned, creates more than 7000 chemicals, of

which at least 70 are known to cause cancer : nicotine, NO , formaldehyde, CO, HMs, tar, and benzene are some

examples.

Benzene, one of the chemicals produced by cigarette smoke, has been measured in the FFs of women undergoing IVF,

and when it was present at >0.54 ng/mL, women showed higher basal FSH levels and significant reductions of E and the

numbers of oocytes retrieved, and embryos transferred [89]. Additionally, smoking stimulates follicular depletion, an

increase in mean basal follicle FSH levels, and the bringing forward of menopause by 3–4 years . More recently,

Furlong et al.  found that cigarette smoke-induced ovarian dysfunction by dysregulating the expression of 152 miRNAs,

five of which directly affect the MAPK pathway. It is noteworthy that the overexpression of the phosphorylated form of)

MAPK is typical in ovarian cancers .

Finally, it is of interest to highlight the consequences on fertility of the use of sprayed pesticides. The dermal and

inhalation routes of entry are typically the most common routes of farmers’ exposure , although people living in areas

treated with pesticides can also be subjected to direct spray diffused from neighboring fields. Some mechanisms of action

of these pesticides can be explained by using laboratory animals. An interesting example is that of mancozeb , a

fungicide used for the control of fungal plant pathogens and widely used to protect vegetables (tomatoes and potatoes),

fruit (grapevines, apples, and bananas), and ginseng, as well as ornamental plants and golf courses. Since mancozeb is

usually sprayed with aerial equipment, the general population can be easily exposed by inhalation and/or the ingestion of

contaminated food. Despite its low acute toxicity, mancozeb impairs fertilization and embryo development in female mice

exposed to high doses (500 mg/mL) during pregnancy and lactation . In vitro, low doses of mancozeb (0.001–1 µg/mL)

alter GC morphology  and mitochondrial metabolism . Similar effects on fertilization have been observed for other

sprayed pesticides .
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