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Abstract

Objectives: An increasing number of reports suggest that chemical and physical agents in the environment, introduced
and spread by human activity, may affect male fertility in humans. This article aims at evaluating the impact of environ-
mental exposures (pesticides, phthalates, PCBs, air pollution, trihalomethanes (THMs), mobile phones) on semen quality,
by reviewing most recent published literature. Materials and Methods: Epidemiological studies focusing on exposure to
environmental factors and semen quality for the last ten years were identified by a search of the Pubmed, Medline, Ebsco,
Agricola and Toxnet literature bases. Results: The results from the presented studies suggest that there are strong and
rather consistent indications that some pesticides besides DBCP (e.g. DDT/Dichlorodiphenyldichloroethylene [DDE], eth-
ylenedibromide, organophosphates) affects sperm count. PCBs are detrimental to sperm motility. In case of air pollution,
studies suggest a link between ambient air pollutants and various semen characteristics. Additional research is needed to
corroborate this association and to establish the causal agents. Results of few studies on subfertile men demonstrate associ-
ations between phthalate levels commonly experienced by the public and impaired sperm quality (impact on sperm concen-
tration, morphology, motility), but the findings have not been corroborated in studies of men from the general population.
Mobile phones might adversely affect the quality of semen by decreasing mostly motility but also the sperm counts, viability
and morphology. In spite of their consistent results, most of the studies are rather small. Association between exposure to
THMSs and poor semen quality was not observed. Conclusions: Epidemiological studies suggest awareness of environ-
mental factors which may affect semen quality. In case both of well proven and disputable reproductive and developmental
hazards, it is necessary to prevent parental exposure to the agents associated with those hazards.
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INTRODUCTION

Male reproductive function in the general population has impair male fertlity [3].

stimulated hypotheses that environmental pollutants may

attracted increasing attention due to reports indicating
increased occurrence of testicular cancer, cryptorchid-
ism and hypospadias across some time periods in some
populations past 50 years [1,2]. Reports indicating declin-

ing sperm counts in some regions [3,4] have also greatly

The discovery in 1977 of the severe spermatotoxic effect of
the nematocide dibromochloropropane (DBCP) among
workers at a chemical plant [6] initiated several studies of
occupational and environmental risks to male reproduc-
tive function. Although for several decades semen qual-

ity has been used as a marker of male reproductive func-
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tion in case of environmental exposure, the data are still
limited [7,8].

An obvious consequence of exposure to reproductive
toxicants is infertility. Infertility is defined as inability to
conceive after a year of sexual intercourse without the use
of contraceptives. A male contributory factor is involved
in approximately half of these cases [9], but most of the
causes of reduced semen quality and other disturbances of
male reproductive function are unknown [10].

Current studies, as reviewed by Sheiner et al. (2003) [11]
and Jensen et al. (2006) [12] show that variety of envi-
ronmental and occupational exposures may impair male
fertility. During past years male reproductive function has
been addressed in relation to a number of environmen-
tal exposures that have only to a very limited extent been
investigated or reviewed earlier. These exposures and
conditions include air pollution and drinking water pol-
lutants, biopersistent organochlorines, trihalomethanes,
phthalates and high frequency electromagnetic radiation
related to use of mobile phones. The objective of this pa-
per is to review the literature in order to update current
state of the art knowledge on hazards to male reproduc-
tive function.

MATERIALS AND METHODS

Epidemiological studies focused on the environmental
factors and male fertility were identified by a search of
the Pubmed, Medline, Ebsco, Agricola and Toxnet litera-
ture databases. Hand search was a second search method
used to explore the references of retrieved articles. The
combination of key words used were: semen quality, en-
vironmental exposure, air pollution, exposure to: phtha-
lates, persistent organochlorine pollutants, tap water,
mobile phones and pesticides. From each study, the fol-
lowing information was abstracted: study population, type
of outcome (sperm count, volume, concentration, sperm
density, semen motility, morphology, aneuploidy, level of
sexual hormones), type of exposure and methods used for
its assessment (including biomarkers). Finally in this re-
view were included human studies published in English in
peer reviewed journals with original information on links
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between a given environmental exposure and measures of
male reproductive function in terms of semen quality for
the last ten years. The period was chosen to reflect find-
ings over the past ten years during which new techniques
have emerged for measuring exposures and health effects
in reproductive and environmental epidemiology studies.

RESULTS

Air pollution

The major air pollutants in Europe and North America
are sulphur dioxide (SO,), nitrogen oxides (NOx), particu-
late matter (PM) and ozone (O,). Air pollutants can be
in the form of solid particles, liquid droplets, or gases. In
addition, they may be natural or man-made. Sources of air
pollution refer to the various locations, activities or factors
which are responsible for the releasing of pollutants into
the atmosphere.

Several studies addressing links between ambient air pol-
lution and semen quality have been published past few
years in the Czech Republic [13-15] and in USA, Los
Angeles [16] (Table 1). Two hundred seventy two young
Czech men exposed to high levels of air contaminants
in the Teplice region were more likely to have abnormal
sperm morphology and sperm chromatin structure than
were those who lived in a city (Prachatice) with less air
pollution. The authors observed a reduced percentage of
sperm with normal morphology and proportionately more
sperm with abnormal chromatin in men from Teplice re-
gion [13]. The other study conducted in the same region
of Czech Republic investigated whether the polluted air
in the Teplice district is related to abnormal morphology
in males living in this district [14]. More than 300 men
living in the Teplice district and in the control district of
Prachatice were examined between 1992 and 1994, in au-
tumn and at the end of winter. Significantly increased fre-
quency of sperm with abnormal morphology and reduced
motility was observed in men with medium and high expo-
sure to air pollution. More intensively exposed males also
had significantly higher frequency of disomy in chromo-
somes X, XY, and Y [14]. The same young men from Tep-
lice were sampled up to seven times over 2 years, allowing
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evaluation of semen quality after periods of exposure to
both low and high air pollution. Using repeated measures
analysis, a significant association was found between ex-
posure to periods of high air pollution (at or above the
upper limit of US air quality standards) and the percent-
age of sperm with DNA fragmentation according to sperm
chromatin structure assay (SCSA). Other semen measures
were not associated with air pollution [15]

The relationship between air pollutant levels and semen
quality was also evaluated over 2-year period in Los An-
geles, by analysing repeated semen samples collected by
sperm donors. Semen analysis data derived from 48 semen
samples provided by sperm donors were correlated with
air pollution level (ozone, nitrogen dioxide, carbon mon-
oxide, particulate matter). There was a significant negative
correlation between ozone levels at 0-9, 10-14 and 70-
90 days before donation and average sperm concentration,
which was adjusted for donor’s birth date, age at donation,
temperature and seasonality [16]. However, several occu-
pational studies of TIG (tungsten inert gas) welders with
exposure levels to ozone that are several orders of mag-
nitude higher have not revealed reduced sperm counts in
exposed men [18§].

Summing up, while some studies suggest a link between
ambient air pollutants and various semen characteristics
like reduced percentage of sperm with normal morphol-
ogy and proportionately more sperm with abnormal chro-
matin and reduction of motility, additional research is
needed to corroborate this association and to establish the
causal agents.

Organochlorine contaminants, dioxins
and polychlorinated biphenyls
Organochlorines  were  widely used  worldwide
from 1940 through 1970s, but most have been eliminated
or restricted in use after recognition of their persistence in
the environment, bioaccumulation in animals and humans
and toxicity in laboratory animals and wildlife.

Exposure mainly occurs through ingestion of contaminated
food, but can also occur through dermal contact and inha-
lation. A time-related deterioration in male reproductive

function caused by exposure to persistent organochlorines

[JOMEH 2009;22(4)

(POCs), has been hypothesized. In animal studies, POCs
were found to have adverse effects on male reproductive
function. The studies on exposure to organochlorine com-
pounds and semen quality suggested association between
polychlorinated biphenyls (PCBs) exposure and poor
sperm quality. The findings of the pilot study carried out in
the Boston area population were also indicative of an as-
sociation between PCBs and p,p’-dichlorodiphenyldichloro-
ethylene (p,p-DDE) and abnormal sperm count, motility
and morphology [19]. The total motile sperm counts were
inversely proportional to the PCB concentrations and
were significantly lower among infertile male than those
of the controls [20]. Also, in a study performed by Dallinga
et al. among 65 males with fertility problems, sperm count
and motility were inversely related to the sum of PCB con-
geners [21] (Table 2).

Astrongand monotonicallyincreasing DNA fragmentation
index with increasing serum levels of 2,2’,4.4’5,5-hexa-
chlorobiphenyl (CB-153) was found in a study performed
by Spano et al. (2005) [22]. Sperm motility was also in-
versely related to the lipid adjusted serum concentration
of CB-153 among men in each of four regions (Greenland,
Sweden, Warsaw and Ukrania), which is consistent with
several earlier findings and results of animal studies [23]
(Table 2). Thus, there is fairly strong evidence to suggest
that persistent organic pollutants interfere with sperm
motility, although the causal agent cannot be identified
because of a strong correlation in serum concentration of
a wide number of biopersistent pollutants [24].

In a study of young fishermen from the coastal stretch-
es of Sweden prostate-specific antigen (PSA), neutral
a-glucosidase (NAG), fructose and zinc levels were anal-
ysed. There was a significant linear association between
CB-153 and total amount of PSA. With age, abstinence
time and smoking included in the model the associa-
tion became non-significant [25]. The same author per-
formed also study among 176 Swedish fishermen (with
low and high consumption of fatty fish). A significantly
lower % DNA fragmentation index (DFI) was found in
the lowest CB-153 quintile (<113 ng/g lipid) compared
with the other quintiles; there was a similar tendency, al-
though not statistically significant, between % DFI and
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p,p’-DDE [26]. In the other cross-sectional study in Swe-
den, negative correlations between CB-153 levels and
both the testosterone and sperm motility were found [27]
(Table 2).

The results of the presented studies suggest that there is
an association between exposure and poor sperm qual-
ity, especially an inverse relationship was found between
sperm motility and the concentration of PCBs, while other
effects (sperm count and morphology) are rather uncer-
tain. Increasing DNA fragmentation index with increasing
serum levels of CB-153 was also found. On the other hand,
no effects of concentration of CB-153 and p,p-DDE on
sperm concentration and prostate-specific antigen (PSA)
were observed.

Trihalomethanes in tap water

Trihalomethanes (THMs) are a byproduct of the water
treatment process. They are formed when natural organic
material reacts with chlorine used to treat the water. This
reaction produces “disinfection by-products” (DBPs) the
most common of which are trihalomethanes (THMs).
THMs such as chloroform, bromoform, chlorodibro-
momethane, bromodichloromethane, are the most preva-
lent and routinely measured class of DBPs found in the
water [27]. Routes of exposure to THMs include dermal
absorption during hand washing and bathing, inhalation
during showering and ingestion of drinking water [28].
Animal studies have consistently demonstrated an as-
sociation between oral exposure to DBPs including ha-
loacetic acids (HAAs) and trihalomethanes and adverse
effects in male reproductive system: acute spermatoxicity,
impaired reproductive competence, sperm quality [29],
delayed spermiation and distorted sperm motility and
morphology [30], histopathologic changes in testis and
epididymis [31], transient subfertility [32], altered sperm
production and epididymal tubule changes [33].

Contrary to large amount of evidences on the detrimental
effects of DBPs on male reproductive function in animals,
two so far completed human studies have not supported
these findings [34,35] (Table 3). In one cohort study per-
formed in United States the semen quality was evaluated
among 228 fertile men with different profiles of exposure

to DBPs. Exposure to DBPs was evaluated by incorporat-
ing data on water consumption, bathing and showering
with concentrations measured in tap water. No consistent
pattern was found of increased abnormal semen quality
(sperm concentration and sperm count) with elevated ex-
posure to trihalomethanes or haloacetic acids [34]. In the
second study the relationship between THMs and semen
quality was examined in 157 healthy men from couples
without known risk factors for infertility. Total THM levels
were assigned based on water utility measurements taken
during the 90 days preceding semen collection. THM level
was not associated with decrements in semen quality. Only
for motility, a small decrease for every unit increase in
bromodichloromethane exposure level was found [35].
Based on presented results, there seems to be no associa-
tion between exposure to THMs and poor semen quality
(sperm concentration and sperm count). As the number of
studies is limited, further studies of the effect of THMs on
semen quality are needed.

Pesticides

Pesticides form a large group of heterogeneous chemicals,
which are used to kill insects, weed, fungi and rodents. On
the one hand these substances bring a significant public
health benefit by increasing productivity in the food indus-
try and decreasing the incidence of diseases.

Pesticides in general may directly damage spermato-
zoa, alter Steroli cell or Laydig cell function, or disrupt
the endocrine function in any stage of hormone regula-
tion (hormone synthesis, release, storage, transport and
clearance, receptor recognition and binding) [36]. Clear
effects on male fertility have been demonstrated for
some pesticides: dibromochloropropane [4], ethylene
dibromide [37], organophosphorus [38,39], alochlor, me-
tochlor, 2,4-D, atrazine [40], fenvalerate [41], carbaryl,
chlorpyrifos [42].

The results of the recent studies performed in Denmark,
China and Mexico indicated that exposure to pesticides
(however not confirmed by exposure measurements) in-
creased the risk of specific morphological abnormalities
of the sperm and decreased sperm count per ejaculate and
the percentage of viable sperm. No effects of pesticide

[JOMEH 2009;22(4)

309



J. JUREWICZ ET AL.

REVIEW PAPERS

dnoi3 1ey) ury)im sajoqeIOW
gD JO SUOTIBIIUDUOD Y} 0} PAJe]
-01 A[OSIOAUT Q1M AJI[I)OW QAISSAIT

-01d wirads pue junod wrads jey) ‘Jo1p
pamoys )[enb uSWAS [BWLIOU Y)IA  QUIT) 2OUAUNSqL
(17 uow Jodnoi3qns oy uo Suisnoo]  ‘Suryouws o8y

S[0I)U0d
2A1}92dSa1 A1) JO 2SO} URY) TOMO A]
-JUBDYIUSIS 919M PUE SUOTJRIIUOUOD
a0d 2y} 031 reuonodoid Ajaszaaur
9IaM $1UN0J wIads aow [830)

A, "SIS[[oMP [eINI Sunea-ysy uou
pUE SI3[[omp UeqIn FUNLS-YSY UOU
‘SIa[[amp [eInI Funea-ysy Aq Uors
-$9001S UT PAMO[[O] ‘SIS[[oMP UBqIn
Junea-ysy Ul punoj aIom suoner)
-U20U0) g)J 93BIAAR 1YY oY T,
'S[o1ju09 0} paredwod AW S[NIAJUI
u1 1oM0] Apueoyiugis o1am Ajenb

(081-80d) 1uaydiqoroyyo
-edot- ¢°6* pp°¢" 2T Pue (8¢1-40d)
[KuaydiqoIo[yIexay-§* #'H'¢"T T
(€51-80d) 1kuaydiqor
-O[YOeXaY-S*C h'p T “(8T1-9Dd) AU
-oydiqoIofyoruad-¢ 49 ,€7 “QUalAyI0
(1fuaydorouyo-d)siq-gz-o10[yon-1T ]
:1aq-.ddauakyya(jAusydorofyo-d)
-1ow pue AJI1OW JAISSAI3 S1q-Z‘Z-0I0[yaIp-1‘1:4qq-.d'd
-01d pue [[e1940 ‘(JUNOd {(dDH) 2uazuaqoIO[YIBXY
wIads) uonenuaduod :spunodwod AuULIO[YIOURSIO 0} pIegal
wirads ‘ownjoa wiadg  ym pareSnsoaur a1om sajdwes poorg

£3ojoyd

fyrenb uawas 100d

A13A YA 1€ pue Kipenb

wIads [eWIOU Y USW

1€ “Apmys SIY3 10] Pajdafas

9I0M JUAWBAI) AN[1ISJ

107 e3dsoy Ays1oArun

JYOLIISBRIA 23 SumIsIA

sa[dnod jo syredigunod

[euon 9[BW 69 JO [8I0}
-095-55010) Spue[IayIaN

PAUIWEXd 1M
S[OIJU0D J[NIAJ 7€ pue

pue Anuenb wiadg ‘sjonuod woij 191p J0108] opewt pauredxaun,,
1U3sqe Jnq U 9[IIoyuI Jo vwsed ‘owr) aouaunsqe euwsed [euon UM UW S[NIJUI T
[0z] [BUIWAS UI PAJOSJap a1am sgDd  ‘Sunjows a8y  junod wiads aow [B)of, [BUITUAS UI PAJRIIISA dIam ST -998-SS01)) eIpU]
rozojeurads
[ewIou y31m s309[qns
g1 Surpnpour £103e10qQR]
Pa10939p £3ojoydiowr £3ojorpuy [endsoy
sem £3ojoydiow pue Lnow 9unod wiads ‘Amow Apmsiond  [eIOUAL) S}IOSOYORSSEIA
wiads [ewrouqe pue gqg-d'd own sousunsqe ‘Qunjoa qunod wrads aOH pue 4aq-dd ‘gDd 107 [euon woJj s300[qns g7
[61] pue sgOd UoaM1oq UONBIDOSSE Uy ‘Guryouws 3y ‘uonen)uaou0d widdg  pasAfeur orom so[dwes WNIAS poolg  -09S-SS01) S91BI§ poNuN)
SAOUIAJNY S)nsay SI9pUNOJuU0)) sisk[eue uQWog a1nsodxa jo uonuydq Apmnys Jo odAJ, uonerndod Apmig

£nrenb uowes pue sjAuaydiq pareurIo[yoA[od ‘SUIXOIp ‘SIUBUILIRIUOD SULIO[YIOURSIO 03 21ns0dXH *7 d[qelL

22(4)

[JOMEH 2009

310



REVIEW PAPERS

ENVIRONMENTAL FACTORS AND SEMEN QUALITY

daq-d-d pue 11a%

U99M)aq ‘JUBOYIUSIS A[[BI1ISIIBIS

j0U y3noyj[e ‘Kouspua) Ie[iwis e

Sear 2191 ‘sa[nuInb 19130 Ay YHm

paxeduwod (pidi §/8u ¢11 >) o

-umnb ¢GT-g0) 159MO[ Y} Ul punoj

[9¢] sem [1(% 1om0] ApueoyIugis v/

JuROYIUSIS-uou

QUL UOTJBIIOSSE A} [POU 9y}

Ul popn[oUI SULOWS PUB AW} 9IUAU

-11SqE 95 YN "VSd JO Junowe

[8303 puR ¢GT-gD) UIMIOQ UOTBIOS

[zl -S© 189U JUBOYIUSIS B SBA QIO [,

105838p pondiwod oY)

u1 pue uonendod orpue[uadls) Ay}
ur Aimow wiads yim pajeIdosse
AjoaneSou sem 4qq-,d‘d jo uon
-enjuaou0d dy [ *(pidiy §/3u) ¢¢1-40
Po0[q JO S0[ Y} UI ASBAIOUI JIUN
-0u0 1ad (959'G 03 9 °] = [eAIUI
Q0UAPYU0I 9,66) %9'€ q aFeIoAR
U0 pasea1dap Annow wiads oy}
‘suordal ¢ [[e ss010y ‘uonendod
UQWLIAYSY YSIPOMS Y} PUB puB|
-U9AIL) UI UOT)BIFUIUOD ¢GT-g)) O}
[¢z] pare[a1 A[9sIoAur sem Ajow widdg

SUOT}BIJUAOUOD WNIAS
Aaqg-.d‘d pue s10jowered paalop

-YSDS U9aM}aq PUNOJ 9I9M SUOTIBID

-0sse jueoyIugts oN ‘dnoisd arnsodxa

159YS1Y Y} UI [9A9] 9FRIAR 19YSIY

9()9 © SUIORAI ‘UdW JINUT J0U

nq ueadoing Suowe ¢GI-gD) JO

S[OAQ] WIS FUISLAIOUT IIM XopUl

[zz] uoneuWgeI} YN SUIseaIou]

Augaur uneworyd/ YN
wrads ssasse 01 pasn

sem (VSDS) Arsse a1y
-ONJ3s ureWoIyd widdg

duaurisqe
901 “aIsopr]

S[OAS] JUIZ PUB ASOJINIJ
{(DVN) 9sepisoan[s-n
[ennau ‘(ySq) uadn
-U. o199ds-0181s01q

Sunjows ‘own
20UdUNSqE A3y

Audaur unewolyd/ YN
wirads ssasse 03 pasn

sem (VSDS) Aesse a1ny
-ON13s urewoIyd wiadg

oudUIISqe
Ja1p “Q[hisopry

Audaur unewoIyd/yNJ
wrads ssasse 03 pasn

sem (VSDS) Aesse a1ny
-ON13s urjewoIyd wiadg

oudUIISqe
9o1p ‘ajf1sapr

pourwrexa a1om gqq-.dd

pue (¢s1-gD) 1fuaydiqoIoqyd
-BXY- GG p T JO S[PAS] WINIdG

"pounIdgAp aram gg-d.d
PUE £GT-gD) JO S[2AJ] WNIAG

pauTwexa a19m (Fq-,d‘d)
QuaAYIe-(jAuaydoIoyo-d)
$1G-Z‘Z-0IO[YIIP-T°T pue (£ST-40)
[Auaydiqooqyaexay-,6°s* v*%*,2°7 JO
SUOTJBIJUIUOD WIS

pourwIdgap a1om gqg-dd jo

pue ‘uaping gDHd [e10} Y} Jo

Axo1d ® se (¢s1-gD) 1Auaydiqoloqyo
“BXIY-, GG’ HY LT JO S[9AS] WNIdG

(gsy £11eg jo uondwnsuod
yS1y pue M0[ yiim)

UQULIAYSL YSIPIMS 9/ |
UOpPIMS

189K /9-/ 7 pade ‘uopams

JO SAYIAIIS [BISLOD AP}

WOIJ USULIAYSY /GT
Uapamg

(681 = ) pue[Og ‘MESIEM

J0 K10 93 Jo SyuB}IqRYUI

pue (g1 = u) durenyn

‘ADJIRUY JO A19 9y JO

sjueyqequl (68T = u)

UIPIMS WOIT] USWLIAYSY

“(¥61 = ) pue[udaID ur

SUOISAI [[B WOI} USW €9/,

[euon aurenyn
-03$-$S0I) ‘puR[Od ‘UIPIMG ‘PUR[UIIN)

(ourenyn ‘Anyreyyy

WOIJ UdW T pue

‘pue[oq ‘MeSIBA\

WOIJ UAW T4 ‘UIULIAYSY

USIPIMS §LT PUB[UIIID

wouy synuy ¢67)

SO[eW J[Npe /()L

[euon aureryn
-03$-$S0I) ‘puR[Od ‘UIPIMG ‘PUR[UIIIN)

an

22(4)

[JOMEH 2009



J. JUREWICZ ET AL.

REVIEW PAPERS

PUNOJ SeA [9AJ] 9InS0dxd

QUBYJOUWOIO[YIIPOWOIq Ul 9SBIIUL

1un AI9A9 10§ 9SBAIOAP [[eUS B ‘Anow

103 AjuQ “Apenb uowas Ul SHUIWAIIAP

[s¢] 31 PIJBIDOSSE JOU SEM [IA] INHLL

SQUBYJAWOBYLI) 0} 21ns0dxa pajeAdd

s (Junod wiads pue UONRIUUOD

wirads) Ayrenb uswas [ewrouqe pasearour

[¥€] JO punoj ses uId)3ed JUISISUOI ON

Sunyurp

J9JJ00 ‘UOSLIS
‘[9Ad] UOT}BINPI
‘SunyurIp joyode
‘unjows 93y

Q0u1 ‘GUnyuULIp
A9JJ00 ‘dyeur
UTwe)IA ‘uoseas
‘[9Ad] uOT}BINPI
‘SunyuLIp joyode
‘unjows 98y

£3ojoydiows

wads ‘Anow
‘Qunjoa qunod wiads
‘Uo1BIIUAOU0) WIAdg

funjew

unewoyd ‘Aigojur
VN ‘48ojoydiow qunod
‘Uo1eIIUAOU0) WIAdg

UOI}I9[[09 UAWS FuIpaddid
SABP ()6 9y} SuLInp uaye)
SJUOUIDINSBAW AN 1OJBM
UO Paseq pousIsse d1om

S[oAd] (WHLL) WHL [e10L

fep

1R} U0 Wa)sAs aImua )
Jo aanejuasaidar paspur
9I3M 1B} SUOT}BI}UAOU0D
XOL Pue 6VVH YINHL
10 pasA[eue pue UoNed0]|
aaneIuasardor v je
(ApyeomIq 1o Apjoam)
s[earajur juonbaig 1e
pordures sem 19Jepm

Ay[Io5uI 10§ 1000 YSLI
umouy Jnoy}m safdnod
woJj uaw AYIeaY LG]

[BUONIAS-$S01)) $9181§ pANUN

udu 9119} 877

£pnys 11040)) $9J8)§ palluN)

$S90URIAJY SINEN|

SIOpUNOJU0))

SIsA[eue UaWIag

ansodxa jo uonuydq

Apmys Jo 9dAJ, uonerndod Apmig

fyrenb uawes pue (WH.L) dueyowoeyLy o) ansodxd ‘¢ d[qef,

Anmow wirads pue

[o1peISd

pUE ‘QuowIoy SuIZIuI)n]
‘(DgHS) wnqois Surpuiq
-QUOWLIOY [BNXAS “QUOI)
-801$9) ‘q UIqIYUI ‘Quour
-10Y Surje[nws-o[o1[0} JO
S[OA9] WNIAS PUB ‘(YSVD)

IasATeue wiads papre

-10)ndwod & yim pue A[[e
-NUBW PIssIsse Anow

uone[ndod [e1ouas oy}
WOIJ PO SIBAA JZ-] Uaul

QU0121501S9) ‘S[AAJ] ¢ST-D Qouounsqe  wiIdds qunod wiads [e30) (¢51-9D) 1AuaydiqoIoqyd ystpamg Sunox (¢
(2] U02M]IQ SUOIR[AII0) 9AIBSON  10Ip “QK1ISoJI] ‘uo1eIUAU0) WIAdg -BXOU- G°G* #1.7°7 JO S[OA9] WIS UOpIMS
SAOUAINJY S)nsay SIOPUNOJU0)) sisk[eue UaWog a1nsodxa jo uonuyaq Apms Jo adA], uone[ndod Apnmig

“Ju00 — A)ijenb uswos pue sjkuaydiq pajeuLIo[yoA[od ‘SUIXOIP ‘SIUBUIWIRIUOI SQULIO[YIOUBSIO 0} 2Ins0dXH *7 d[qel

22(4)

[JOMEH 2009

312



ENVIRONMENTAL FACTORS AND SEMEN QUALITY REVIEW PAPERS

exposure on sexual hormones were observed [39,43,44]
(Table 4). However, this approach rarely provided any in-
dications of cause-effect relationship.

Among Danish greenhouse workers exposed to pesticides,
the median values of sperm concentration and proportion
of normal spermatozoa were lower by 60% and 14%, re-
spectively, in the high- and low-level exposure groups. The
median sperm concentration was lower by 40% for men
with over 10 years’ work experience in a greenhouse than for
those with experience below 5 years [43]. Also significantly
lower sperm count was found in pesticide plant workers ex-
posed to fenvalerate compared with non-exposed controls
in the study performed in China [41] (Table 4).

Some studies assessed the levels of reproductive hormones.
Farmers exposed to pesticides in Argentina had higher se-
rum oestradiol concentrations and lower luteinizing hor-
mone (LH) concentrations than non-exposed men [45]. In
Japan, pesticide sprayers had the serum testosterone con-
centration in winter higher than the controls (p < 0.05),
though luteinizing hormone and follicle stimulating hor-
mone concentrations were not significantly different. The
sperm counts and vitality were comparable between the
groups, but detailed sperm motility analysis in summer re-
vealed that the percentages of slow progressive and non-
progressive motile sperm were twice as high in the sprayers
(p < 0.05), and that of rapid progressive sperm tended to
be lower (p = 0.06). Such differences were not observed
in winter [46]. Semen quality and reproductive hormones
across a spraying season were examined among Danish
farmers (using and not using pesticides) and controls (non
farmers) that were asked to give two semen samples [44].
The median sperm concentration declined significantly
from the first to the second sample in both groups, but
there was no statistical difference in the decline between
the two groups. It was concluded that semen quality did
not change across a spraying season as a result of pesticide
exposure. Sprayers and non-sprayers had an equal decline
in sperm concentration from the first to the second semen
sample [44] (Table 4).

In China and Mexico, studies of the prevalence of sperm
aneuploidy [38,39] in agricultural workers exposed to
organophosphorous pesticides like ethyl parathion,

methamidophos or endosulfan were conducted. In China,
male workers at a large pesticide-manufacturing plant had
an excess risk of aneuploidy and the risk of specific chro-
mosome abnormalities: disomy for chromosome 18 and
the three different types of sex chromosome disomy
(XX, XY, YY) [39]. In the Mexico study, aneuploidies
were found in 0.67% of total sperm nuclei. The authors
concluded that exposure to organophosphates could inter-
fere with sperm chromosome segregation and increase the
risk of Turner’s syndrome [38]. The next study performed
in Mexico showed the poorest semen quality among the
subjects with the highest OP exposure and the highest uri-
nary OP levels. Seasonal variations in sperm concentra-
tion and sperm count were registered. The results showed
a significant decrease in total sperm count among subjects
with the highest exposure to OP [47] (Table 4).

The first study which demonstrates links between specific
biomarkers of environmental exposure to pesticides and
biomarkers of male reproduction in humans was per-
formed in United States [40]. Men with high exposure lev-
el of alachlor (> 0.15 ug/g creatinine) had poorer semen
parameters (concentration, percentage sperm with normal
morphology, percentage motile sperm) than those less
exposed. The exposure to herbicide 2,4-D, metolachlor
and atrazine was associated with poorer sperm quality as
well [40]. The next study where the exposure to carbaryl
and chlorpyrifos was analysed by detecting the urinary
metabolites showed an associated between exposure and
lower sperm concentration and motility among men at-
tending an infertility clinic [42] (Table 4).

Yucra et al. [48] reported a significant reduction of semen
volume and an increase in semen pH in men with organo-
phosphate metabolites in urine in the study performed in
Peru [48]. The poorest semen quality was found among
farmers with the highest OP exposure and the highest uri-
nary OP levels. The results showed a significant decrease
in total sperm count among subjects with the highest ex-
posure to OP [48] (Table 4). In summary, there are several
indications that some pesticides may impair semen quality
in humans, but weak exposure assessment in most studies
precludes proper identification of responsible agents and
evaluation of exposure-response relations.
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Phthalates

Phthalates are among the most widely used man-made
chemicals released to the environment over the last sev-
eral decades [49]. Phthalates are used as plasticizers to
increase the flexibility of PCV products like: toys, vinyl
flooring and electricity cables or medical devices. The
main plasticizer used in PVC based medical devices is
di(2-ethylhexyl) phthalate (DEHP). Phthalates are also
used as solvents or fixing agents in perfumes, body lotions
and other cosmetics. Humans are mainly exposed to these
compounds through the diet, medical devices and consum-
er products. In spite of short half times in the organism,
the compounds or their metabolites have been detected in
urine in more than 95% of men and women that have been
investigated [50].

There are numerous animal studies on the risk of infer-
tility related to phthalates exposure. Laboratory experi-
ments with rodents have shown repeatedly that phthalate
at very high doses (g/kg in gavage range) can adversely af-
fect sperm quality. Ge et al. (2007) [51] found that at lower
doses phthalates increase testosterone production either
by increasing Leyding cell numbers or by directly stimulat-
ing testosterone production [51]. However, inhibition of
testosterone was noticed in both foetal and adult Leyding
cells when rats were exposed to higher doses [51]. Other
studies in animals showed reduction of protein levels in
foetal Leyding cells and deregulation of cholesterol trans-
port and steroid synthesis [52].

Several recent epidemiological studies have addressed the
male reproductive toxicity of phthalates [53-59] (Table 5).
Duty et al. (2003) [53] compared levels of eight phthalate
metabolites in urine among men with normal and abnor-
mal semen quality recruited from 168 subfertile couples.
They observed an inverse dose-response relationship be-
tween 2 phthalate metabolites (monobutyl- and monoben-
zyl phthalate (MBP, MbzP)) on the one side and sperm
concentration and motility on the other. These findings
were corroborated in a subsequent study of 463 infertile
men using same study design [55] and to some extent by
a smaller study including 45 infertility clients from the
Great Lakes Region in US [57]. Also in a study performed
in India, a negative correlation between semen phthalate

[JOMEH 2009;22(4)

level (DEHP) and sperm concentration, motility, % of
abnormal sperm was found in a population of men that
visited an infertility clinic [58].

Another study performed by Duty and co-workers [54]
to explore the association between environmental levels
of phthalates and altered reproductive hormone levels
in adult men showed that an interquartile range (IQR)
change in monobenzyl phthalate (MBzP) exposure was
significantly associated with a 10% decrease in follicle-
stimulating hormone (FSH) concentration. Additionally,
an IQR change in monobutyl phthalate (MBP) exposure
was associated with a 4.8% increase in inhibin B, but this
was of borderline significance [54].

On other hand, in a Swedish study, Jonsson et al.
(2005) [56] reported that only subjects within the highest
quartile for monoethyl phthalate (MEP) had fewer mo-
tile sperms, more immotile sperms, and lower luteinizing
hormone values, but there was no suggestion of harmful
effects for most other endpoints. In the study in China
there was no significant difference between phthalate
concentrations of semen and sperm density and liveabil-
ity, while there was a significant positive association be-
tween liquefied time of semen and phthalate concentra-
tions of semen [59].

Summing up, results of few studies of subfertile men dem-
onstrate associations between phthalate levels commonly
experienced by the public and impaired sperm quality
(impact on sperm concentration, morphology, motility),
but findings have not been corroborated in studies of men
from the general population. Effects of phthalates in sexu-
ally mature rodents have only been seen at much higher
exposures levels but perhaps the human male is more sus-
ceptible to the class of chemicals. It remains to be investi-
gated if maternal exposures to phthalates have bearings as
to semen quality in the offspring.

Mobile phones

There has been a tremendous increase in the use of mo-
bile phones in the past decade and concerns are growing
about the possible detrimental effects of high-frequency
electromagnetic fields (EMF) emitted by these devices on
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human health. Although many studies have recently been
published on this topic, the effects of the EMF emitted
by cell phones on living cells and organs are still unclear.
Here we review the few studies addressing possible effects
of cellular phone usage on human semen quality.

In a small prospective study involving 13 men with nor-
mal sperm, GSM phone usage in 5 days for 6 hours per
day decreased the rapid progressive motility of sperm [60]
(Table 6). Interesting results were obtained in a pilot study
performed in Australia; men who carried their mobile
phone in their hip pocket or on their belt had lower sperm
motility than men who did not carry a mobile phone or who
carried their mobile phone elsewhere on the body [61].
There are also two small studies where semen sample
was exposed to cellular phone radiation [62,63] (Table 6).
The first study was performed in Turkey where statisti-
cally significant changes were observed in the rapid pro-
gressive, slow progressive and no-motility categories of
sperm movement. Electromagnetic radiation (EMR) ex-
posure caused a subtle decrease in the rapid progressive
and slow progressive sperm movement. It also caused
an increase in the no-motility category of sperm move-
ment. There was no statistically significant difference in
the sperm concentration between two groups [62]. The
second study was performed in United States where sam-
ples exposed to radiofrequency electromagnetic waves
(RF-EMW) showed a significant decrease in sperm mo-
tility and viability, increase in reactive oxygen species
(ROS) level, and decrease in ROS-TAC (Total Antioxi-
dant Capacity) score. Levels of TAC and DNA damage
showed no significant differences from the non-exposed
group [63].

A recent study involving 361 men attending an infer-
tility clinic suggested that use of cell phones for lon-
ger durations adversely affected the quality of semen
by decreasing the sperm counts, motility, viability and
morphology [64]. In Hungary a study was performed
among 371 male patients of infertility clinics. The dura-
tion of mobile phone use was correlated negatively with
the proportion of rapid progressive motile sperm, and
positively with the proportion of slow progressive motile
sperm [65] (Table 6).

In the study performed in Poland, 304 males attending
an infertility clinic were divided into three groups: 99 pa-
tients who did not use mobile phones, 157 males who
had used GSM equipment sporadically for the period
of 1-2 years, 48 patients who had been regularly using mo-
bile phones for more than 2 years. In the analysis of the
effect of GSM equipment on the semen, an increase was
noted in the percentage of sperm cells of abnormal mor-
phology with the duration of exposure to GSM phone [66]
(Table 6).

The results of the presented studies provide limited sup-
port to the hypothesis that use of mobile phones may ad-
versely affect semen quality, but most of the presented
studies are small [60-63] only three [64-66] were conduct-
ed on the sample of about 300 men. So there is a need for
future studies in this area.

DISCUSSION

The results of the reviewed studies suggest that expo-
sure to environmental factors (air pollution, pesticides,
phthalates, PCB and the use of mobile phones) may af-
fect semen quality. However, when reviewing the epi-
demiological studies on the influence of environmental
hazards on semen quality, it is important to take into ac-
count the current limitations of these studies resulting
from inadequacies in semen analysis, exposure evalua-
tion and design of studies. The studies conducted in the
general population are very rare mainly because of the
difficulties in collecting the semen samples. The fact
that most of the studies are drawn from infertility clin-
ics may introduce a selection bias. Some of the subjects
are classified as fertile; they belong to a population of
men seeking medical care, which is probably different
from the general population in terms of other exposure
factors, because these men are more health-concerned
and therefore less exposed to other agents such as alco-
hol or drugs. In addition, subjects may underreport their
lifestyle habits, especially for smoking and drinking, thus
biasing the results. Another possible variable that needs
to be considered is the simultaneous presence of other
exposure factors. In reviewed studies authors collected

[JOMEH 2009;22(4)
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information on age, alcohol and coffee drinking, tobacco
smoking, occupational exposure, and conducted a multi-
variate analysis.

Sometimes, like in case of trihalomethanes [34,35] or mo-
bile phones [63-66] there are just a few studies so it is dif-
ficult to reach the conclusion. The next problem is also the
size of study population. In case of PCBs there are lots of
small pilot studies [19-21] but the bigger, well designed
studies [22,23,25-27] confirmed the findings derived from
those studies.

It is a challenge for future studies to overcome the expe-
rienced limitations but also to focus more on mechanistic

aspects of reproductive toxicity.

Semen analysis

Presented studies usually have used classical human se-
men parameters (concentration, motility and morphol-
ogy), other markers have been used to get a more compre-
hensive evaluation of spermatogenesis and the function of
accessory sex organs (hormone levels, aneuploidy).

A significant factor impeding the interpretation of stud-
ies concerning semen quality is great variation in the same
semen variables — in particular, ejaculate volume, sperm
density and motility. The fluctuations across time within
a man are nearly as great as the variation between men
and can only partly be explained by the duration of the
period of abstinence [§]. The concentration and probably
also the sperm motility seem to be subject to seasonal
variation, the best quality in the northern hemisphere be-
ing registered during the winter and spring [67]. Seasonal
variation accounts only for a part of total variation which,
thus, remains largely unknown [8]. Experiments with rhe-
sus monkeys suggest that the seasonal changes in semen
quality may be driven by an inherent circannual biological
clock reset annually by seasonal changes in the length of
daylight [67].

Although there are some guidelines under WHO to intro-
duce standardization and quality control in sperm labora-
tory work [68], the assessment of semen quality — even
within the same laboratory — may be subject to variation
between technicians and related to time [69].

[JOMEH 2009;22(4)

Exposure assessment

Exposure assessment is a crucial part of any area of envi-
ronmental epidemiology. The best assessment of exposure
usually provide measurements of contaminants in ambient
air samples, or in blood, urine, semen or other biological
specimens that might be appropriate.

Exposure in several of the presented studies was based on
specific biomarkers of exposure or the assessment of expo-
sure was performed. Phthalates were assessed in urine, air
pollution measurement was also taken. However, in the
studies on pesticide exposure and semen quality the expo-
sure was based in almost all studies on the job titles. Only
Swan et al. and Yucra et al. [40,48] used specific biomark-
ers of pesticide exposure [40,48]. It is well known that mis-
classification of exposure may occur if the type of exposure
is based solely on subject’s memory.

Biological assessment of exposure is the most precise indi-
cator, but sometimes it can be limited by the cost and the
large number of suspected chemicals that individuals were
exposed to, what usually is the case in relation to pesti-
cides exposure.

It is not only the type of exposure but also the timing in
relation to the development of the reproductive system
that is important for the assessment of type and magni-
tude of the harmful effect. The period between the 8th
and the 10th gestational week seems to be critical for
the development of male gonads [70]. It has been hy-
pothesised that even relatively insignificant exposures
acting at this period of prenatal life may have serious
consequences for the future reproductive capability
of men [5]. So the studies of environmental effects on
male reproduction should not only focus on exposures
during the reproductive life, but should also include
the foetal periods of male reproductive system devel-
opment.

Type of study design

With few exceptions, all studies comparing the distribu-
tions of seminal variables in an exposed populations with
those of an non-exposed reference population were cross-
sectional. The participation rate was about 40-60% and
there was tendency towards lower participation rates
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among controls. So, the possibility that the men available
for the study may not truly reflect the source population is
also the matter of concern.

The cross-sectional approach is most often associated with
considerable differential dropout and uncertainty about
the comparability of exposed and non-exposed groups.
[t may be possible to overcome some of the major limi-
tations of studies by choosing a longitudinal design with
sampling before and during exposure and with a follow-up
of intraindividual changes.

Epidemiological models seem to have played increasing
role in the risk assessment of reproductive health effects
due to exposure to environmental factors. To be more
informative, epidemiological studies should focus on ex-
posure to single factors which were known from animal
studies that they might bring health consequences. The
factors which may influence the sperm count and explain
part of the variability comprise the characteristics of the
men included in the study, the methodologies used to
analyse the semen or external factors influencing sperm
production.

Mechanisms

Exposure to environmental toxicants that disrupt sperm
production or the function of reproductive hormones or
sperm may increase the risk of male infertility. On the oth-
er hand, chronic exposures to reproductive toxins are not
well documented and mechanisms of toxicity are either
poorly understood or unknown. Some evidences from ani-
mal studies suggest that some pesticides and PCBs belong
to the substances known as endocrine disrupters.

PCBs and DDT are well known chemicals with estrogen-
like characteristics and are referred to as estrogen disrupt-
ers. Animal studies suggest that these chemicals readily
penetrate the blood-testis barrier and can directly affect
spermatogenesis. It was also documented that PCB me-
tabolites bind to estrogen receptors. Jansen has hypoth-
esized that adverse reproductive effects of PCBs may re-
sult from PCB congeners increasing gonadotropin-releas-
ing hormone or affecting the production and release of
luteinizing hormone from the pituitary [71]. Kelce et al.

(1995) [72] showed that p,p’-DDE had an antiandrogenic
activity.

Some pesticides are now suspected of being endocrine dis-
rupting chemicals (EDCs). These chemicals might cause
an adverse effect by interfering in some way with the
body’s hormones or chemical messengers. Many of these
endocrine disrupters have been linked to adverse effects
on either embryonic development or reproductive func-
tion in humans and wildlife [73-75].

Challenges for future studies

It is necessary to conduct longitudinal studies. These stud-
ies should take into account other factors which may in-
terfere with male reproductive health and include other
sperm characteristics. Future studies should have suffi-
cient power and homogenous groups with an appropriate
non-exposed control group.

When the influence of confounding factors is possible,
these should be taken into account during the stage of
study design and data collection and finally in the statisti-
cal analysis. Further evaluation of male reproductive tox-
icity of commonly used substances or those that are likely
to be in contact with human population is highly recom-
mended.

The longitudinal design option is a rational answer to
several of the main limitations in the cross sectional ap-
proach. Imprecision of measurement and variation be-
tween observers can be reduced by implementing good
laboratory practice and by computerised methods for ob-
jective assessment of sperm motility.

Also exposure assessment based on biomarkers of expo-
sure should be used. As little is known about the basic
mechanisms by which environmental exposures exert their
effect, current studies should focus more on the explana-
tion of the biological mechanism.

CONCLUSIONS

The results from the presented studies suggest that there
are strong and rather consistent indications that some
pesticides besides DBCP (as DDT/DDE, ethylenedibro-
mide, organophosphates) affect sperm count. PCBs are

[JOMEH 2009;22(4)
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detrimental to sperm motility; those findings are derived
from small pilot studies, but are confirmed also by bigger
studies. In case of air pollution, studies suggest a link be-
tween ambient air pollutants and various semen charac-
teristics. Additional research is needed to corroborate this
association and to establish the causal agents. Results of
few studies of subfertile men demonstrate associations be-
tween phthalate levels commonly experienced by the pub-
lic and impaired sperm quality (impact on sperm concen-
tration, morphology, motility), but findings have not been
corroborated in studies of men from the general popula-
tion. Mobile phones might adversely affect the quality of
semen by decreasing mostly motility but also the sperm
counts, viability and morphology. In spite of their consis-
tent results, most of the studies are rather small; only two
big studies were performed in this area.

No association between exposure to THMs and poor se-
men quality was observed.

Presented studies usually used classical human semen pa-
rameters (concentration, motility and morphology). The
assessment of exposure was performed in most of the
studies (PCBs, THMs, air pollution), and only in a few of
the pesticide and phthalate exposure studies. The studies
conducted in the general population are very rare, mainly
because of the difficulties in collecting the semen samples.
This has caused also that some works are small pilot stud-
ies. The fact that most of the subjects are drawn from in-
fertility clinics may introduce a selection bias. In addition,
the most commonly used study design is cross-sectional,
which does not allow to make inferences on cause-effect
mechanisms. Also chronic exposures to reproductive tox-
ins are not well documented and mechanisms of toxicity
are either poorly understood or unknown. So it is neces-
sary to conduct longitudinal studies with exposure assess-
ment that should focus more on the explanation of the
biological mechanisms.

In spite of their limitations, epidemiological studies sug-
gest awareness of environmental factors which may affect
semen quality, and both in case of well proven and dis-
putable hazards it is necessary to reduce the exposure of
parents (including future ones) to those factors.

[JOMEH 2009;22(4)
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