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17.1 Introduction

A decline in sperm counts has emerged in recent years [1-3]. Consequently, it has
been argued that male fertility is declining, and it is further proposed that
environmental pollutants may play an active role [4—10]. By contrast, no apparent
and clear decrease in population fertility has been noted in epidemiologic studies
[11, 12]. Decline in sperm count of healthy men of reproductive age over the years
has been higher in some regions (Denmark, Scotland, USA east coast) than in others
(USA west coast, south of France, Baltic countries). Genetic and racial factors may
also be involved [7-12].

Ithas been hypothesized that environmental chemicals with estrogenic properties,
heavy metals, and solvents constitute detrimental factors for sperm count [13-18],
even though the epidemiologic consequences are unclear. Nevertheless, some kind
of toxicologic effect on spermatogenesis is hypothesized; clinical and laboratory
research indicates that of all the changes in male reproductive health seem to be
interrelated and may have a common origin in fetal life or childhood [19-23].
Furthermore, some epidemiologic studies confirm that exposure to endocrine
disruptors, solvents, and heavy metals may play a role in male reproductive disor-
ders [24].

Three categories of potential reproductive disruptor pollutants have been found:
endocrine disruptors, heavy metals, and organic solvents.
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17.2 Endocrine Disruptors

Endocrine disruptors affect the male genital tract during fetal testis and germinal
cell development (testicular dysgenesis syndrome), targeting pituitary gonadotro-
pins [25] or the genetic regulation of steroidogenesis [26] at either the genomic [27]
or proteomic [28, 29] levels. Gene pathways targeted include cholesterol transport
and steroidogenesis, pathways involved in intracellular cholesterol/lipid homeosta-
sis, insulin signaling, transcriptional regulation, oxidative stress [27], a-inhibin
(which is essential for physiologic Sertoli cell development), and genes involved
with communication between Sertoli cells and gonocytes [27]. Environmental
pollutants are thought to induce oxidative stress, peroxidation [30], and germ cell
apoptosis in the human fetal testis [31].

There exists a critical period of exposure: diethylstilbestrol (an estrogenic
compound) exposure during the perinatal period can influence behavior, accessory
glands, and reproductive structures in humans and rodents [32] via hormonal or
epigenetic mechanisms [33].

Given that animals represent an accepted experimental model for human male
reproduction, it is noteworthy that pollutants are regarded as etiologic factors in the
reproductive decline of wildlife [34, 35]. Perinatal exposure is critical for the
development of testicular dysgenesis syndrome in animals [36—-38]. A severe prob-
lem of pollutants is that some of these chemicals have long half-lives and have been
detected in environmental samples 10-20 years after they were banned for use [39].

Pesticides, fungicides, heavy metals, defoliants, and other chemical weapons, in
addition to oils and cleaning agents [40—44], are regarded as the main environmen-
tal pollutants capable of disrupting the human and wildlife endocrine system
(endocrine disruptor chemicals or EDCs).

Endocrine disruption is a mechanism of toxicity that hinders the ability of cells,
tissues, and organs to communicate hormonally [45], provoking reduced fertility
and fecundity [17], spontaneous abortion, skewed sex ratios [46], male and female
reproductive tract abnormalities [47—49], precocious puberty [50, 51], polycystic
ovary syndrome [52], neurobehavioral disorders, impaired immune function, and a
wide variety of cancers [53, 54]. Endocrine disruptors represent a wide range of
chemical classes and include agonists of the estrogen receptor, androgen receptor
antagonists, and aryl hydrocarbon receptor agonists [55]. Some chemicals have
more than one mechanism of action [56]. A list of endocrine disruptors is shown in
Table 17.1. Many of these chemicals persist in the environment. Some are lipophilic
and, hence, sequestered in adipose tissue and secreted in milk, whereas others may
only be present for short periods of time but at critical periods of development.

17.3 Heavy Metals

All heavy metals are toxic and can affect the seminiferous epithelium [57-59].
Cadmium interacts with the zinc-dependent stability of the human sperm chromatin
[60]. Salts of arsenic, cadmium, mercury, lead, and antimony are all toxic for
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Table 17.1 Environmental pollutants: their sources and health effects [66]

Pollutant
aBisfenol A

aDioxin/furans

*Organochlorine
pesticides

“Pentachlorophenol
“Ethylene oxide

*Glycol ethers

“Nonylphenol,
octylphenol

*Perfluorinated
compounds

aPhthalates

“Polybrominated
diphenyl esters
*Mercury

*Cadmium

Lead

Origin
Component of
polycarbonate
plastic and epoxy
resins

Manufacture or
burning of products
containing chlorine

Largely banned in
Western countries,
still persist in the

food chain (DDT)

Wood preservative,
railroad ties

Chemical sterilizer
for dental practice
Paints, enamels,
wood stains;
printing inks,
cosmetics
Detergents,
pesticides, paints,
plasticizers

Water-repellent
treatments

Cosmetics, toys,
lubricants

Flame retardants

Thermometers,
dental filling

Batteries, pigments,
some metal alloys

Batteries,
ammunition, metal
products, X-ray
shields

Health effects
During development

Modified prostate
development and
puberty onset,
hormonal changes,
decreased semen
quality, obesity
Urologic
malformations

Altered sex ratio,

altered puberty onset,

decreased semen
quality
Reduced fertility

Hormonal changes,

altered puberty onset,

decreased testicular

size, decreased semen

quality

Hormonal changes,
fetal loss, reduced
birth weight

Malformations of
reproductive tract,
hormonal changes,
decreased semen
quality

?

Decreased semen
quality

Sertoli cell and
testicle damage
Hormonal and

pubertal
onset alterations

During adulthood

Decreased semen and
oocyte quality, recurrent
miscarriages

Menstrual irregularities,
epigenetic disorders

Altered puberty onset,
decreased semen quality,
endometriosis, fetal loss

Reduced fertility

Decreased semen
quality, miscarriage
Reduced fertility,
decreased semen quality,
fetal loss, menstrual
irregularities

9

Earlier menarche,
menstrual irregularities,
endometriosis, ovulation
alterations, decreased
semen quality, fetal loss

Decreased semen quality
Decreased semen quality

Toxic to Sertoli cells and
spermatogenesis
Hormonal alterations,
menstrual alterations,
reduced fertility, fetal
loss, altered puberty,
reduced spermatogenesis

(continued)
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Table 17.1 (continued)

Health effects
Pollutant Origin During development During adulthood
"Manganese Dietary Hormonal changes, Hormonal changes,
supplements, altered puberty onset | menstrual irregularities,
ceramics, fetal loss, altered
pesticides, puberty onset, damage
fertilizers to Sertoli cells and
spermatogenesis
Organic solvents: Plastic, resin, Hormonal changes, Hormonal changes,
benzene, toluene, rubbers, synthetic pubertal reduced fertility,
1-bromopropane, fibers, lubricants, onset alterations, menstrual irregularities,
2-bromopropane, dyes, detergents, reduced fertility, miscarriage and fetal
perchloroethylene, | drugs, pesticides, menstrual loss, decreased semen
trichloroethylene, fingernail polish, irregularities, quality
etc cleaning products, miscarriage and fetal
detergents, lacquers, | loss, decreased semen
fiberglass, food quality

containers

*Chlorinated hydrocarbons (endocrine disruptors)
"Heavy metals

spermatogenesis in humans and animal models [61, 62]. Heavy metals are also
present in some welding fluxes [63].

17.4 Solvents

Various organic solvents are also known to cause infertility, including glycol
ethers [64], which are used in the printing industry and are also found in some paints
(e.g., as used on naval vessels). Perchloroethylene, used in the dry cleaning industry,
can also cause subfertility, but its effects on sperm morphology and kinematics are
subtle, and their impact on fertility remains unclear [65].

References

1. Carlsen E, Giwercman A, Keiding N, Skakkebaek NE (1992) Evidence for decreasing quality
of semen during past 50 years. BMJ 305:609-613

2. Sharpe RM, Skakkebaek NE (1993) Are oestrogens involved in falling sperm count and
disorders of the male reproductive tract? Lancet 341:1392-1395

3. Sharpe RM (2012) Sperm counts and fertility in men: a rocky road ahead. Science & Society
Series on Sex and Science. EMBO Rep 13:398-403

4. Perry MJ (2008) Effects of environmental and occupational pesticide exposure on human
sperm: a systematic review. Hum Reprod Update 14:233-242

5. Jurewicz J, Hanke W, Radwan M, Bonde JP (2009) Environmental factors and semen quality.
Int J Occup Med Environ Health 22:305-329

6. European Science Foundation (2010) Male reproductive health. Its impacts in relation to
general wellbeing and low European fertility rates. Science Policy Briefing 40 http://www.esf.
org/publications/science-policy-briefings.html


http://www.esf.org/publications/science-policy-briefings.html
http://www.esf.org/publications/science-policy-briefings.html

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Environmental Pollution and Infertility 169

. Joffe M (2010) What has happened to human fertility? Hum Reprod 25:295-307
. Sharpe RM (2010) Environmental/lifestyle effects on spermatogenesis. Philos Trans R Soc

Lond B Biol Sci 365:1697-1712

. Perry MJ, Venners SA, Chen X, Liu X, Tang G, Xing H, Barr DB, Xu X (2011)

Organophosphorous pesticide exposures and sperm quality. Reprod Toxicol 31:75-79

Sutton P, Woodruft TJ, Perron J, Stotland N, Conry JA, Miller MD, Giudice LC (2012) Toxic
environmental chemicals: the role of reproductive health professionals in preventing harmful
exposures. Am J Obstet Gynecol 207:164-173

Akre O, Cnattingius S, Bergstrom R, Kvist U, Trichopoulos D, Ekbom A (1999) Human
fertility does not decline: evidence from Sweden. Fertil Steril 71:1066—-1069

Scheike TH, Rylander L, Carstensen L, Keiding N, Jensen TK, Stromberg U, Joffe M, Akre O
(2008) Time trends in human fecundability in Sweden. Epidemiology 19:191-196

Tas S, Lauwerys R, Lison D (1996) Occupational hazards for the male reproductive system.
Crit Rev Toxicol 26:261-307

Van Waeleghem K, De Clercq N, Vermeulen L, Schoonjans F, Comhaire F (1996) Deterioration
of sperm quality in young healthy Belgian men. Hum Reprod 11:325-329

Phillips KP, Tanphaichitr N (2008) Human exposure to endocrine disrupters and semen quality.
J Toxicol Environ Health B Crit Rev 11:188-220

Diamanti-Kandarakis E, Bourguignon JP, Giudice LC, Hauser R, Prins GS, Soto AM,
Zoeller RT, Gore AC (2009) Endocrine-disrupting chemicals: an Endocrine Society scientific
statement. Endocr Rev 30:293-342

Giwercman A (2011) Estrogens and phytoestrogens in male infertility. Curr Opin Urol
21:519-526

Woodruff TJ (2011) Bridging epidemiology and model organisms to increase understanding
of endocrine disrupting chemicals and human health effects. J Steroid Biochem Mol Biol
127:108-117

Sharpe RM (2006) Pathways of endocrine disruption during male sexual differentiation and
masculinisation. Best Pract Res Clin Endocrinol Metab 20:91-110

Sharpe RM, Skakkebaek NE (2003) Male reproductive disorders and the role of endocrine
disruption: advances in understanding and identification of areas for future research. Pure Appl
Chem 75:2023-2038

Skakkebaek NE, Toppari J, Soder O, Gordon M, Divall S, Draznin M (2011) The exposure
of fetuses and children to endocrine disrupting chemicals: a European Society for Paediatric
Endocrinology (ESPE) and Pediatric Endocrine Society (PES) call to action statement. J Clin
Endocrinol Metab 96:3056-3058

Skakkebaek NE, Rajpert-De-Meyts E, Main KM (2001) Testicular dysgenesis syndrome: an
increasingly common developmental disorder with environmental aspects. Hum Reprod
16:972-978

Buck Louis GM, Gray LE Jr, Marcus M, Ojeda SR, Pescovitz OH, Witchel SF, Sippell W,
Abbott DH, Soto A, Tyl RW (2008) Environmental factors and puberty timing: expert panel
research needs. Pediatrics 112:192-207

Scott HM, Mason JI, Sharpe RM (2009) Steroidogenesis in the fetal testis and its susceptibility
to disruption by exogenous compounds. Endocr Rev 30:883-925

Mutoh J, Taketoh J, Okamura K, Kagawa T, Ishida T, Ishii Y, Yamada H (2006) Fetal pituitary
gonadotropin as an initial target of dioxin in its impairment of cholesterol transportation and
steroidogenesis in rats. Endocrinology 147:927-936

Kuhl AJ, Ross SM, Gaido KW (2007) CCAAT/enhancer binding protein beta, but not
steroidogenic factor-1, modulates the phthalate-induced dysregulation of rat fetal testicular
steroidogenesis. Endocrinology 148:5851-5864

Liu K, Lehmann KP, Sar M, Young SS, Gaido KW (2005) Gene expression profiling following
in utero exposure to phthalate esters reveals new gene targets in the etiology of testicular
dysgenesis. Biol Reprod 73:180-192

Laier P, Metzdortf SB, Borch J, Hagen ML, Hass U, Christiansen S, Axelstad M, Kledal T,
Dalgaard M, McKinnell C (2006) Mechanisms of action underlying the antiandrogenic effects
of the fungicide prochloraz. Toxicol Appl Pharmacol 213:160-171



170 G. Cavallini

29. Klinefelter GR, Laskey JW, Winnik WM, Suarez JD, Roberts NL, Strader LF, Riffle BW,
Veeramachaneni DN (2012) Novel molecular targets associated with testicular dysgenesis
induced by gestational exposure to diethylhexyl phthalate in the rat: a role for estradiol.
Reproduction 144:747-761

30. Kabuto H, Amakawa M, Shishibori T (2004) Exposure to bisphenol A during embryonic/fetal
life and infancy increases oxidative injury and causes underdevelopment of the brain and testis
in mice. Life Sci 74:2931-2940

31. Coutts SM, Fulton N, Anderson RA (2007) Environmental toxicant-induced germ cell
apoptosis in the human fetal testis. Hum Reprod 22:2912-2918

32. Harris RM, Waring RH (2012) Diethylstilboestrol—a long-term legacy. Maturitas
72:108-112

33. Anway MD, Memon MA, Uzumcu M, Skinner MK (2006) Transgenerational effect of the
endocrine disruptor vinclozolin on male spermatogenesis. J] Androl 27:868-879

34. Edwards TM, Moore BC, Guillette LJ Jr (2006) Reproductive dysgenesis in wildlife: a
comparative view. Int J Androl 29:109-121

35. Hamlin HJ, Guillette LJ (2010) Birth defects in wildlife: the role of environmental contaminants
as inducers of reproductive and developmental dysfunction. Syst Biol Reprod Med
56:113-121

36. Danish Environmental Protection Agency (1995) Male reproductive health and environmental
chemicals with estrogenic effects. Ministry of Environment and Energy, Danish Environmental
Protection Agency, Copenhagen; Miljoproject 290

37. Toppari J, Larsen J, Christiansen P, Giwercman A, Grandjean P, Guillette LJ Jr, Jégou B,
Jensen TK, Jouannet P, Keiding N (1996) Male reproductive health and environmental
xenoestrogens. Environ Health Perspect 104(Suppl 4):741-803

38. Braw-Tal R (2010) Endocrine disruptors and timing of human exposure. Pediatr Endocrinol
Rev 8:41-46

39. Aitken RJ, Koopman P, Lewis SEM (2004) Seeds of concern. Nature 432:48-52

40. Colborn T, vom Saal FS, Soto AM (1993) Developmental effects of endocrine-disrupting
chemicals in wildlife and humans. Environ Health Perspect 101:378-384

41. Colborn T, Dumanoski D, Myers JP (1997) Our stolen future: are we threatening our fertility,
intelligence, and survival>—A scientific detective story. Plume/Penguin Books USA,
New York

42. Sheiner EK, Sheiner E, Hammel RD, Potashnik G, Carel R (2003) Effect of occupational
exposures on male fertility: literature review. Ind Health 41:55-62

43. Gore AC (2007) Endocrine-disrupting chemicals: from basic research to clinical practice.
Humana Press, Totowa

44. Woodruff TJ, Carlson A, Schwartz JM, Guidice LC (2008) Proceedings of the summit on
environmental challenges to reproductive health and fertility: executive summary. Fertil Steril
89:281-300

45. Silva LF, Felipe V, Cavagna M, Pontes A, Baruffi RL, Oliveira JB (2012) Large nuclear
vacuoles are indicative of abnormal chromatin packaging in human spermatozoa. Int J Androl
35:46-51

46. Yiee JH, Baskin LS (2010) Environmental factors in genitourinary development. J Urol
180:3441

47. Bornman MS, Barnhoorn IEJ, de Jager C, Veeramachaneni DNR (2010) Testicular
microlithiasis and neoplastic lesions in wild eland (Tragelaphus oryx): possible effects of
exposure to environmental pollutants? Environ Res 110:327-333

48. Newbold RR (2011) Developmental exposure to endocrine-disrupting chemicals programs for
reproductive tract alterations and obesity later in life. Am J Clin Nutr 94:1939S5-1942S

49. Dunbar B, Patel M, Fahey J, Wira C (2012) Endocrine control of mucosal immunity in the
female reproductive tract: impact of environmental disruptors. Mol Cell Endocrinol
354:85-93



50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Environmental Pollution and Infertility 171

Mouritsen A, Aksglaede L, Sgrensen K, Mogensen SS, Leffers H, Main KM, Frederiksen H,
Andersson AM, Skakkebaek NE, Juul A (2010) Hypothesis: exposure to endocrine-disrupting
chemicals may interfere with timing of puberty. Int J Androl 33:346-359

Deng F, Tao FB, Li DY, Xu YY, Hao JH, Sun Y (2012) Effects of growth environments and
two environmental endocrine disruptors on children with idiopathic precocious puberty. Eur
J Endocrinol 166:803-809

Teede H, Deeks A, Moran L (2010) Polycystic ovary syndrome: a complex condition with
psychological, reproductive and metabolic manifestations that impacts on health across the
lifespan. BMC Med 8:41-51

Keinan-Boker L, van Der Schouw YT, Grobbee DE, Peeters PH (2004) Dietary phytoestro-
gens and breast cancer risk. Am J Clin Nutr 79:282-288

Ndebele K, Graham B, Tchounwou PB (2010) Estrogenic activity of coumestrol, DDT, and
TCDD in human cervical cancer cells. Int J Environ Res Public Health 7:2045-2056
Beischlag TV, Luis MJ, Hollingshead BD, Perdew GH (2008) The aryl hydrocarbon receptor
complex and the control of gene expression. Crit Rev Eukaryot Gene Expr 18:207-250
Phillips KP, Foster WG (2008) Key developments in endocrine disrupter research and human
health. J Toxicol Environ Health B Crit Rev 11:322-344

Bonde JP (2010) Male reproductive organs are at risk from environmental hazards. Asian
J Androl 12:152-156

Wirth JJ, Mijal RS (2010) Adverse effects of low level heavy metal exposure on male
reproductive function. Syst Biol Reprod Med 56:147-167

Marzec-Wréblewska U, Kaminski P, Lakota P (2012) Influence of chemical elements on
mammalian spermatozoa. Folia Biol 58:7-15

Casswall TH, Bjorndahl L, Kvist U (1987) Cadmium interacts with the zinc-dependent
stability of the human sperm chromatin. J Trace Elem Electrolytes Health Dis 1:85-87
Boscolo P, Sacchattoni-Longrocino G, Ranelletti FO, Gioia A, Carmignani M (1985) Effects
of long term cadmium exposure on the testes of rabbits: ultrastructural study. Toxicol Lett
24:145-149

Benoft S, Cooper GW, Hurley I, Mandel FS, Rosenfeld DL, Scholl GM, Gilbert BR,
Hershlag A (1994) The effect of calcium ion channel blockers on sperm fertilization potential.
Fertil Steril 62:606-617

Lynch E, Braithwaite R (2005) A review of the clinical and toxicological aspects of ‘tradi-
tional” (herbal) medicines adulterated with heavy metals. Expert Opin Drug Saf 4:769-778
Cherry N, Moore H, McNamee R, Pacey A, Burgess G, Clyma JA, Dippnall M, Baillie H,
Povey A (2008) Occupation and male infertility: glycol ethers and other exposures. Occup
Environ Med 65:708-714

Eskenazi B, Wyrobek AJ, Fenster L, Katz DF, Sadler M, Lee J, Hudes M, Rempel DM (1991)
A study of the effect of perchloroethylene exposure on semen quality in dry cleaning workers.
Am J Ind Med 20:575-591

Mortimer D, Barratt CL, Bjorndahl L, de Jager C, Jequier AM, Muller CH (2013) What should
it take to describe a substance or product as ‘sperm-safe’. Hum Reprod Update 19(Suppl 1):
1-45



	17: Environmental Pollution and Infertility
	17.1	 Introduction
	17.2	 Endocrine Disruptors
	17.3	 Heavy Metals
	17.4	 Solvents
	References


