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ABSTRACT

Increasing cases of malfunctionsin the reproductive system, such as spermatic decrease in count and function-
ality, early puberty in boys and girls, increase of breast, prostate and testicle cancer and malformations associ-
ated with hormonal problems raise a sort of generalized concern. Simultaneously, cases of alterations in the
reproductive function of an increasing amount of animal species can be observed. These are dueto the exposure
to persistent chemical substances such as pesticides, detergents, dioxins and furans. As a response, in the last
decades an intense research activity has been promoted in order to describe these compounds according to their
capacity to alter the endocrine- reproductive system homeostasis, naming them endocrine disruptors. Among
the recognized disruptor compounds, the following can be listed: phytoestrogens, organochlorinated pesti-
cides, alkyl-phenol polyethoxylates, polychlorinated biphenyls, chlorophenals, phthalates, artificial estrogens,
dioxins, furans and some aromatic polycyclic hydrocarbons; that is to say, compounds that can be found in
everyday life. The concern lies in that they can be found in the environment at very low levels and have been
proved to have harmful effectson faunaspeciesaswell ason laboratory animalsat theselow levels. The greatest
difficulty to determine the effects on human beings is that they are exposed to several ED simultaneously. The
main exposure risk lies on the early prenatal and postnatal development, when the organs and the nervous
system are transforming and the increasing incidence of neurodegenerative diseases of unknown etiology could
be explained by environmental factors of substances which can be promoters, such as some pesticides. This
work tries developing better global data, especially in countries outside North America and Europe, on status
and trends of environmental contamination, exposure, and health outcomes.
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INTRODUCTION

In the last decade, the evidence that numerous
chemicd, naturd and artificia productscaninterferein
the endocrine system and cause harmful effectsin hu-
man bel ngsand faunahas becomestronger. Thescien-
tificcommunity callsthesechemica productsendocrine
disruptors(ED). They can befoundin many of theprod-
uctsweusedaily, including plastic bottles, food cans,
detergents, toys, cosmetics, foodsand pesticides. There
isenoughinformation on ED potentia effectson human
health, but the main concern liesin that they can be
foundintheenvironment at very low levelsand have

been proved to have harmful effectson faunaspecies
aswell ason laboratory animals at these low levels.
Thegreatest difficulty to determinethe effects on hu-
man beingsisthat they are exposed to severa ED si-
multaneoudy. ED’s are natural or artificial products that
caninterfereinthe production or thefunctions of the
endocrine system hormones and thus, they can bring
about negative effectson hedth. Many of themarecon-
nected to problemsof devel opment, reproduction, the
nervoussystem, theimmune systeminfaunaand labo-
ratory animals. Therefore, it is surmised that these
chemicd productsare affecting human hedthinasmi-
lar way, resulting in adecreaseinfertility, and progres-
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siveincreases of some diseasesincluding endometrio-
ssand cancers. Severa studieson animashavee uci-
dated the mechanismsby which ED’s affect the endo-
crine system and alter hormonefunctions. People can
be exposed to ED’s through foods and drinks that they
consume, the medicinesthey take and the cosmetics
they use. Therefore, exposures can occur early, at low
levels, through diet, air, water, the skin and can posea
greater risk during early postnatal and prenatal devel-
opment, when the organs and the nervous system are
transforming, early reproductive senescence and can-
cer, the effectsbecoming evident after along period of
time. Thisresearch showstheauthor’s experience, who
hasworked for amost 20 years, with human exposure
to diversechemica products, today considered ED’s,
aswell asassayswith these pollutantsin severa sys-
tems (plant, human cellsand bacteria).

MATERIALSAND METHODS

Sample

In occupationa exposure studies, theexposed and
control individuas’ blood, urine or sperm samples were
used. Inthe research on some environmental pollut-
ants, samplesof water, plastic materias, cereal grains,
were used. For ecotoxicity research, several systems
such as plant, human cells and bacteria were used.
Moreover, thelevelsof severd pollutantswere studied
as well as other biochemical parameters related to

exposure.
Genotoxicity and mutagenesis

Thisonewas determined by different tests: Sister
Chromatid Exchange (SCE)™, chromosome aberra-
tions(CA) and micronuclei (MN)® in human lym-
phocytes. Chromosome aberrationsin Allium cepal®
and theAmestest!®,

Reproductivefunction

For this, human sperm collected after 4 days of
sexual abstinencewas used, according to Wyrobek’s
method(®!

Level of pollutant concentration in the
environment

In some researches in which occupational
exposure studies were carried out, the pollutant
concentration was analyzed in the air to which

—=> RegUlOr Peper

individual swere exposed. The method consisted in
making the environmental air flow through tubes
containing activated carbon (SKCinc. PA) connected
topersond ar-sampling pumps(Zambeli, Milano, Itdia,
2Smodel 0.21), working at aconstant flux of 200 ml/
min. Theethylene oxide sample (EO) wasimmediatdy
dissolved in carbon disulfide and determined by gas
chromatography!”

L evel of concentration in exposed individuals

Blood and urine samples were used in order to
determinethelevel to whichthey were exposed. For
that reason, gas chromatography!®, atomic absorption
spectrophotometry™® and spectrophotometric methods
were used.

Biochemical analyses

In some studies, blood analyseswere carried out
to determine the hepatic function (GOT, GPT, FA),
kidney function (creetinine, ureg), prostatefunction (FAT
and FAP) with col orimetric methods'® and hormone
analyses (Estradiol, progesterone, 17-cetosteroids) by
radio-immune assay!*!:

Satistical analyses

Inthisstudy, severd statistica methodswere used
such as Student’s “t” test, Pearson’s correlation
coefficient, Dunnett’s test, Fischer-Irwin exact
probability test (Z), X? test, Kolmogorov-Smirnov
testl ANOVA test, Tukey’s multiple comparison
test™®, variance analysig*4.

RESULTS

Sperm quality

In male workers, exposed to lead in a battery
factory, spermatic characteristics were studied. In
comparing theexposed groupswith thecontrols, there
were notable differences in asthenospermia and
teratospermid®

The sperm of exposed individuals at pesticides
fenitrothion, monocrotophos, parathion, ddrin, endosul-
fan and glyphosate were studied. Mobility alterations
werefound inthe sperm of exposed group with respect
to thecontrol group™.

Thereproductive functioninfarmerswho were
exposed to 2,4- dichlorophenoxyacetic (2,4-D) was
studied. Significant levels of asthenospermia,
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necrospermia and teratospermia were found in
exposed farmers compared with unexposed controls.
Over time, asthenospermiaand necrospermiadimin-
ished but the abnormal spermatozoa (teratospermia)
continued.

Theprostate

Prostati c function was studied in men exposed to
lead in a battery factory. Prostatic and acid phos-
phataseswerethevariablesstudied. Thetota acid phos-
phatase activity was significantly high in exposed
workerswhen they were compared with the controls.
The same did not occur with the prostatic acid
phosphatasd®!

Neur obehavior

SCE, hemogram, glutamic oxal oacetic transminase
(GOT), glutamic pyruvictransaminase (GPT), cholinest-
erase, organochlorides and organophosphatesin pe-
ripheral blood were studied inindividual sexposed to
pesti cidesfenitrothion, monocrotophos, parathion, a-
drin, endosulfan and glyphosate and non-exposed con-
trol ones. A Sgnificantincreasein eosnophilsand orge-
nophosphates and adecrease of whiteblood cellswas
foundinthe exposed group with respect to the control
groupi?,

Cancer

Lead (lead oxide) effect wasdeterminedinindi-
viduasexposedtoit inabattery factory. According to
our results, people exposed to lead must be consid-
ered “in risk” so that can behave like as a clastogenic
agent, determined by the sister chromatide exchange
(SCE).

Women occupational ly exposed to ethylene oxide
(EO), usedinthe sterilization of medica instruments,
werestudied at ahospitd.Chromosome aberration fre-
guency in exposed individua sweresignificantly in-
creased compared with controls. A significant relation-
ship between thefrequencies of SCE and CA and EO
exposurewas demonstrated,

Exposed individuals, of different agesand back-
groundswho had been drinking water fromwell, con-
taining morethan 0.13 mg/l (0.13 ppm) arsenic, for a
period of at least 20 years, were studied. SCE data
showed that arsenic at concentrations used by the popu-
lation (0.13mg/l) induced asignificantly elevated re-
sponse. Other health effects of arsenic at these con-

centrationswerefound, e.g., hyperkeratosis, melano-
sis, keratosisand basal cell carcinoma™.

For 14 months the quality of the Tercero river,
Cordoba, Argentina water was studied. Water was
genotoxic and clastogenic over several biological
systems®l,

Thetriha omethanes (water by-productsupon chlo-
rination) from two treatment plant of theeasternregion
of Cordoba, Argentina, that use hypochloriteasdisin-
fectant were studied. The amount and speciation of
trihalomethanes (THM ) in tap water was analyzed.
According to the results of thetap waters, the THM
which predominatesis chloroform being the average
for thecity of Bell Ville 102.6 ug/l and 100.3 ug/I for
San Marcoscity*2.

Dimethyl terephthalate (DMT), terephthalic acid
(TPA), the main components of polyethylene glycol
terephthal ate (PET), were evaluated for genotoxicity
and mutagenicity intheAmestest, UDSby liquid scin-
tillation counting and micronucle induced binucleate
human lymphocytes. Datashowed that DMT and TPA
at different concentrations (0.5, 5, 50 and 500 ug ml-
1) had neither genotoxic nor mutagenic effectd®.
Fumonisins B, B, and B, (FB,, FB, and FB,) are a
group of toxins produced by different mold species,
Fusarium moliniforme and Fusarium proliferatum.
Itscompoundsweretested in chromosome aberrations
(CA), sister chromatid exchange (SCE) and micro-
nucleus (MN) in human lymphocytes, and, in Allium
cepa (onion), the chromosomal aberrations (CA) as-
say wasused. Cytogenetic sudiesusingdifferent levels
of FB,, FB, and FB, yi€elded positive results at high
concentrations (5 and 10 ug/g) with FB, . Regarding
the FB, cytogenetic aspects, wefound anincreasein
theincidenceof genetic damage measured by CA, SCE,
MN and CA in Allium cepal®4.

DISCUSSION

Sperm quality

Accordingto our results, people exposedto lead
must be considered “in risk”. In the reproductive func-
tion, asgnificant leve of asthenospermiaand teratosper-
miawas observed. Higher proportionsof sperm with
shape abnormadlities, but no differencesin sperm count
compared with control have been found in men occu-
pationally exposed to lead™
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In an analysis of the semen of men attending an
infertility clinicin Cagary, Canada, alower sperm con-
centration and motility and an increased rate of abnor-
mal sperm (tapered head) werefound among 55 agri-
culturd workerd?®, Various cases of reversiblesterility
dueto lindane poisoning have been reported®”. A de-
creaseininfertility hasbeen shownin men exposed to
kepone¥, According to the study on the exposure of
farm sprayersto 2,4- dichlorophenoxyacetic acid (2,4-
D) and thereproductivefunction, significant levelsof
asthenospermia, necrospermiaand teratospermiawere
foundin exposed farmerswhen compared to unexposed
control individuas. Over time, asthenospermiaand ne-
crospermiadiminished but the abnormal spermatozoa
(teratospermia) continued.

Theprostate

Thetota acid phosphataseactivity wassignificantly
higher in exposed subjectswhen compared to control
subjects. Thiswasnot the casewith theacid prostatic
phosphatase. The adverse effects of exposureto inor-
ganiclead on the mal e reproductive system have been
reported®,

Neur obehavior

Among the people exposed to different pesti-
cides (fenitrothion, monocrotophos, parathion, ald-
rin, endosulfan and glyphosate) asignificant eosino-
phil increase was found. M oreover, wasfound that
organophosphate compounds increased in blood
sample. Regarding organophosphates, can mention
the phenomenon known as “neuropathy promotion”.
Thisisan effect by which subclinical injuriesof dif-
ferent types can eventually develop a
neurodegenerative syndrome, if thereislater expo-
sure to promoting substances called “neuropathy
promoters”. This phenomenon, although it was de-
tected for thefirst timein studies about del ayed neu-
ropathy in organophosphates, seemsto beageneral
mechani sm which can occur in injuries caused by
other toxic mechanisms (acrylamide, hexanodione)
or in physical injuries. Thusthe phenomenon of pro-
motion isindependent of the causing mechanism, but
the delayed neuropathy in organophosphatesis a
good mode! of theinjury caused by the phenomenon
of promotion, and most studies on this striking phe-
nomenon have been carried out on this syndrome.
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Cancer

Human exposureto ethylene oxide showed ahigh
frequency of chromosome aberrations(CA) intheex-
posed individuals as compared to control ones. The
broad spectrum of akylating propertiesof EOin bio-
logical systemsincluding itshydroxiethylation of the 7
position of guaninein DNA. Thisabilitytodisrupt DNA
probably accountsfor theefficacy of EO asadterilizing
agent. EOismutagenicinmicroorganisms, plantsand
animas

Clinical evidence hasbeen obtained showing that
theincidenceof cancer, especialy leukemiaishigher
among workersoccupationdly exposed to amixture of
agentsincluding EQ%

Individuaschronically exposedto arsenicin drink-
ing water, at the pollutant agent concentration used by
the population (0.13 mg/l) induced ahigher SCE re-
sponse. Existssufficient evidencethat Asat relatively
higher dosesfavorsboth mutagenesisand carcinogen-
esis. Moreover, Davey® recently reported that Ashas
apowerful endocrine-disrupting effect at |ow environ-
mentd levels

Inthe study onriver and treated water, theAmes
test for genotoxicity showed that thetreatment plant,
which useschlorinegas, producesadirect mutagenin
the exiting water, as observed in other cases?l. The
same sampl e al so showed clastogenic activity on hu-
man lymphocytes and this could be considered as a
warning onthepotentia effectsof thewater on somatic
andgermina cells.

Inthe study of treated tap water, in order to deter-
minethedis nfection sub- products (SPD), chloroform
wastheonethat prevailed. Severd epidemiologic stud-
iessuggested that many SPDswereharmful tothehedth
and their presence in drinking water could be arisk
factor for the popul ation drinking trested water to con-
tract cancer'. The estimation of the quantification of
the risk to contract cancer due to water chloration
subproducts remainsunknown, but themost reliable
epidemiologica studiesfound adtatistica significance
between exposureto chlorinated water for alongtime
and the incidence of bladder, kidney and col orectal
cancer(®,

Inthisstudy, DMT and TPA at the different con-
centrations studied (0.5, 5, 50 and 500 ug mi-1) did
not show significant toxic effectsinthedifferent genetic
assays. Theabsence of DM T and TRPA mutagenic ac-
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tivity observed in the assays carried out in this study
imply that they are not mutagenic. These negativere-
sults, however, can not be determinant or conclusive
onwhether they are carcinogenic.

As regards the cytogenetic aspects of FB,, we
found anincreasein theincidence of genetic damage
measured by CA, SCE, MN and CA in Alliumcepa.
Theseresultsindi catethat human lymphocytescellsand
plant cells (Alliumcepa) haveavery sensitivecedlular
responseto the mycotoxin fumonisin B1 asobserved
at the highest concentrations. Evidenceinvitroandin
vivoindicatesthat fumonisin B, candamage DNA indi-
rectly by increasing oxidative stress?4. Oxidative dam-
agewasclosdly associated with fumonisin B, -induced
hepatotoxicity and induction of putative preneoplastic
lesonsinvivo, whilethe plasmaand microsoma mem-
branes, and to some extent the mitochondriaand nu-
clei, appeared to be significantly affected by lipid
peroxidation(24,

CONCLUSIONS

Among the compounds studied and the effects
on the health of exposed peopleit can be concluded
that pesticides, considered endocrine disruptors,
show hematologic alterations such as eosinophilia,
leucopenia, persistence in the organism of
organochlorinates and alterationsin the reproduc-
tive function measured as asthenospermia, ne-
crospermiaand teratospermia, the latter persistent
over time. Amongindustrial compounds considered
endocrine disruptorssuch aslead, along exposure
can cause genetic damage, aswell asadirect pro-
static toxicity, which can probably bereflected in
the alteration of spermatic characteristics. Arsenic
was shown to be mutagenic and carcinogenic at high
dosesin drinking water. The phthal ates studied,
DMT and TPA in vitro, did not appear to be
genotoxic, but they can induce, inthe kidney, the
proliferation of peroxisomewhichistumorigenicin-
volving the overproduction of oxidant radicalsin
cellsor simply stimulating cell proliferation. Asre-
gardsfood, important for human health, it can be
aninlet for diverse compounds such as micotoxins,
which have been proved to have agenotoxic effect
in different studied systems. Moreover, the food
production process usesthe treated water, which

was proved to be mutagenic with clastogenic ac-
tivity in human lymphocytes. This can be consid-
ered adanger for the potential effects of water on
somatic and germinal cells. It can be dueto disin-
fection subproducts (SPD). The ethylene oxide used
for sterilizing medical instrumental showed asig-
nificant increase of chromosome aberrationsin oc-
cupationally exposed workers. Thischemicalsisthe
most likely candidates for high-impact effectsin
populations at environmentally relevant concentra-
tions. The main concernsthat ED show are dueto
thefact that they arein the environment at very low
levels, people are exposed to multiple ED simulta-
neously and this poses adifficulty to determinethe
effects on public health. The only evidence show-
ing that humans are susceptibleto ED is currently
provided by studies of high exposure levels. The
understanding of the effects of chronic, low levels
of ED are (much more) little. The potential risksto
human exposed by ED in many other areas of the
world (particularly in devel oping countries) have not
been addressed adequately to date. Extend moni-
toring of trendsin relevant human health outcomes
to provide information that is comparabl e acroos
regions and over time. Thistype of studies bears
Nno previous research in our country, in connection
with the exposition of peopleto different environ-
mental polluting agents called endocrine disruptors
(ED) and their effects on health. Thiswould un-
doubtedly be the starting point of astageinwhicha
contribution to the diagnosiswould result into ben-
efit for the community sincethiswork aimsat con-
tributing with basic information on the effects of
health of continuously exposed peopleto different
ED in order to establish afuture management of
risk thus obtaining better quality of lifefor the popu-
lation. Thiswork tries devel op better global data,
especially in countries outside North Americaand
Europe, on status and trends of environmental con-
tamination, exposure, and health outcomes.

SUPPLEMENTARY INFORMATION

Theauthor inthiswork triesto contribute data of
exposed humans to different polluting agents in a
country outside the United States and Europewith a
view to devel op better global data.
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