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infertility. Human exposure to pesticides is estimated by measuring their metabolites in biological
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Meouyunckuti uncmumym, Ynueepcumem Kpuma
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@ocgopopeanuueckue u XJI0pOpeaHudeckue Necmuyuobl — MO CUHMEMUYeCKUe OpeaHudecKue
COeOUHeHUsl, UCNOJIb3YeMble NPEUMYULeCMEEHHO 8 CeNbCKOM X03sucmee st 60pbObl ¢ 8pedumesimu.
JI100u noosepearomest 6030eticmeuto neCmuyuo0s 6 npoyecce nPoGecCuoHaIbHOU 0esIMelIbHOCIU U NPU
KOHMAKMe C 3apadceHHol cpedoll yepe3 ux 60blxanue, nompeoienue ¢ nuuetl u no2ioujenue Kojicel.
Ipu nonadanuu 6 opeanusm ueio6exd NOANOMAaAnm OblCmpo Memaboau3upyemcst 00 60jiee MoKCUUHbIX
coedunenull, vem ucxoonoe eeujecmeo. Mx cnocobnocme 63aumooeticmeosams ¢ OUOXUMUYECKUMU
U MemaboaUHecKuMyu NYMsAMU 6 Hel08eUeCKOM OpeaHuzme oeidenm ux HOMEHYUAIbHO ONACHbIMU
coeduneruamu. OOHAPYICEHA CB53b MeAHCOY OCMPLIM U XPOHUYECKUM B030€licmeuem necmuyuoos
U HespOLoSUYeCKUMU U KAPOUOBACKYIAPHLIMU d(pekmamu, 8pONCOCHHbIMU OMKIOHEHUAMU U
myxcckum becnioouem. OyeHKa 6030eUcCmEUs NeCmuyuo08 Had OP2AHU3M Yel08eKd NPOBOOUNCS
nymem usmepeHusi ux Memaboaumos 6 GUOI02UYeCKUX MKAHAX U HCUOKOCIMAX, MAKUX KAK KPOBb, MOYA,
AMHUOMUYECKAsL HCUOKOCTD, d MAKICe 8 6010CaX. B dannom 0630pe npedcmasienvt 00CmMudlICeHus 8
obracmu GUOMOHUMOPUHEA NeCMUYUO08. sl OYeHKU HA2PY3KU HA 4el08eKa NPUBCOCHbL USMEPEHHbLE
VPOBHU NECMUYUO08 8 MOUEe, AMHUOMUUECKOU JHCUOKOCIU, MEKOHUU U 8ollocax. [Iposedeno cpasHenue
nonyaayuil, N00BEP2UUXCS 8030€UCMBUI0 NECIUYUOAO08  CEA3U C NPOU3BOOCBEHHOLL 0esIMEeNbHOCbIO

U npu KOHMaxme c OKpyscarowels cpeool.

Kniouesvie cnosa: necmuuudbz, 6u0M0Hum0puH2, MOKCUUHOCIb O3 yenoeeKa, npO(ﬁ@CCuOHG]ZbHO@

6030eticmaue necmuyudos, 8030elicmaue necmuyudo8 6 oKpyicaiouell cpeoe.

Introduction

Human exposure to pesticides

Pesticides are synthetic organic
compounds used mainly in agriculture to
manage pest problems. Organochlorine (OCs)
and organophosphorus (OPs) pesticides were

firstly introduced in market in 1940s. OCs

comprise a variety of chlorinated organic
compounds with high toxicity, slow degradation
Their
majority has been globally banned since 1972.
this  group
include Dichloro-diphenyl-trichloroethane or
1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane

and bioaccumulation. overwhelming

Representative compounds in
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(DDT), dieldrin,

toxaphene, lindane and benzene hexachloride

methoxychlor, chlordane,
(Fig. 1). OPs are the most widely used agricultural
chemicals which replaced OCs because of their
rapid degradation in the environment. However,
they have greater acute toxicity including
headaches, nausea and cardiovascular effects. The
most notable compounds in this group include
fenthion, parathion and chlorpyrifos which are
under strict regulation (CDC, 2009; US EPA,
2013). OPs tend to be replaced with pyrethroids
which were introduced in market in 1960s.
Human is multiply exposed to pesticides
via inhalation, ingestion and skin absorption.
Population can be classified in groups with
occupational or environmental exposure
depending on the pathway of exposure to
pesticides. Environmental exposure of the
general population in metropolitan or rural
areas occurs through dietary habits, indoor/
outdoor air and house dust which may include
household use of insecticides and drinking water
or consumption of food containing residues of
the pollutants (Tsakiris et al., 2013; Tsakiris et
al., 2015; Tsatsakis et al., 2003). Occupationally
exposed population group includes farm workers,
pesticide applicators, sprayers and harvesters.
Another group includes accidentally exposed
population and acute poisonings via inhalation

or ingestion (Bradman et al., 2007; Rothlein et

X0,5

Ry»:CH0- Ry:-OR
CHO-  -NHR
CH,S- SR

Organophosphates

al., 2006; Thompson et al., 2008; Wilson et al.,
2010). The human risk and the severity of adverse
effects are determined by the total exposure,
which depends on the route or exposure pathway
and the type of the pesticide (EFSA, 2008).
Each category of pesticide is reported to have
different toxicity in humans depending on the
mode of action, the metabolic pathways, the
lipophilic character of the compound, the dose,
the duration of exposure, and the exposure route.
All pesticides are compounds that interfere
with biochemical and metabolic pathways to
reach their aim and be effective against insects.
However, their toxicity is not specific and also
humans are at risk.

All pesticides affect mainly the central
nervous system. When a pesticide enters human
body it is rapidly metabolized to more toxic
compounds than the parent compound (Barr et
al., 2004; Tyler et al., 2000). Exposure to OPs
induces inhibition of the acetylcholinesterase
enzyme (AChE) which consequently causes
overstimulation by the excess of acetylcholine
(Ach). It seems that OPs disrupt the glucose
homeostasis leading to elevated serum glucose
levels (Amanvermez et al., 2010; Everett and
Matheson, 2010). Chronic exposure to OPs
has been linked to neurological, psychiatric
and cardiac effects, birth effects including
teratogenicity, and defects

cancer cye

DDT

Fig. 1. Chemical structures of organophosphates (OPs) and DDT (organochlorine). The R; group in OPs’ structure
determines the physicochemical properties of the pesticide
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(PAN-UK.ORG). OPs are reported to be
mutagenic, carcinogenic (Dolapsakis et al.,
2001; Sarabia et al., 2009), cytotoxic (Giordano
et al., 2007), genotoxic (Cakir and Sarikaya,
2005), teratogenic (Kang et al., 2004) and
immunotoxic (Yeh et al., 2005). OCs are
persistent lipophilic compounds that remain
in the human body, they are not metabolized
but they tend to accumulate in organ tissues
(Androutsopoulos et al., 2013). OCs are possibly
related with obesity, adipogenesis and insulin
levels (Casals-Casas and Desvergne, 2011; Lee
et al., 2011).

Biomonitoring

Human exposureto pesticides is estimated by
measuring their biomarkers (parent compounds
and/or their metabolites) in biological tissues
and fluids such as blood, urine, amniotic fluid
and hair, a method called “Biomonitoring”. It is
an essential technique that integrates all routes
of exposure (inhalation, ingestion, dermal
absorption). It is definite evidence that exposure
has occurred and is applied in epidemiology
studies in health sciences, toxicology and
analytical chemistry. The presence of different
biomarkers among biological samples provides
information about the time and the severity of
the exposure. Thus, chemicals in hair indicate
chronic exposure while in urine and blood
short term exposure. The biomonitoring data in
epidemiology studies identify if the exposure
is unsafe and is used for risk assessment of the
exposure. The results determine the trends

of exposure between different population
groups, time trends in exposure and monitor
the effectiveness of intervention
Through

biomonitoring is linked with health effects,

strategies.

statistical analysis and modeling
clinical symptoms and diseases and evaluates
the potential environmental and occupational

health risk. In environmental exposures the body

burden is statistically connected with lifestyle
habits, indoor and passive exposure (i.e. passive
smoking).

The aim of this review study is to present
recent advances on biomonitoring of pesticides.
A significant number of studies published in
plenty journals were gathered. Measured levels
of pesticides in urine matrices, amniotic fluid,
meconium and hair are presented in order to
monitor the burden of OPs, and OCs in human.
Biomonitoring data are compared between
occupationally and environmentally exposed
populations. Long term and short term exposure
is correlated with adverse health effects appeared

in humans.

Pesticide residues in foods

Milk and olive oil are essential and nutrient
components in Mediterranean diet. However,
the extensive use of pesticides has resulted in
their pollution with pesticides residues posing
a risk for human health. Residues of fenthion
and dimethoate pesticides were determined in
organic and conventional olive oils collected
from Crete during 1997-99 (Tsatsakis et al.,
2003). Organic olive oil contained significantly
lower concentrations of both organophosphorus
pesticides than conventional oil. More specifically,
fenthion was detected at 122.2 ng/g (1997),
145.7 ng/g (1998) and 170.2 ng/g (1999) in samples
from conventional cultivations and at 21.5 ng/g
(1997), 9.9 ng/g (1998) and 3.5 ng/g (1999) in
samples from organic cultivations. Dimethoate
was detected at 22.6 ng/g (1997), 26.4 ng/g
(1998) and 27.1 ng/g (1999) in conventional
olive oil and 9.8 ng/g (1997), 3.8 ng/g (1998)
and 1.0 ng/g (1999) in organic olive oil. Lower
levels for dimethoate were detected probably due
to its higher water solubility. These values are
lower than the maximum residue levels (MRLs)
for olive oil according to FAO/WHO (1998)
which are 1000 ng/g for fenthion and 50 ng/g for
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dimethoate. It was observed that pesticides levels
were decreasing from year to year indicating a
turn to organic cultivation.

Residues of DDT and its metabolites were
monitored in 196 milk samples of various
pasteurized commercial types collected from the
Greek market (Tsakiris etal., 2015). The detected
levels of DDT and its metabolites in the milk
samples were lower than the Maximum Residue
Levels (40 pg/kg for sum of DDTs) specified in
EU Commission Regulation (EC) No 149/ 2008.
The 97.4 % of the samples was positive for at
least one DDT isomer of metabolite. Levels of
DDTs and their metabolites were not significantly
differentiated for conventional and organic milk.
Risk assessment for DDTs and hazard index (HI)
values for children were calculated and indicated
that there is no significant health risk. High HI
values for children at ages between 1 and 3 years
old were justified due to the higher ratio of milk
consumed relatively to their low body weight.

Human monitoring of OPs exposure

When OPs enter human body they are
metabolized and excreted via the biological
fluids. The typical metabolic reactions involve
hydrolysis and oxidation giving the more reactive
oxon which may bind to cholinesterase enzyme or
be hydrolyzed to a dialkylphosphate (DAP) and/
or a hydroxylated organic moiety specific for each
pesticide. As a result of binding to cholinesterase,
the organic portion of the molecule is released.
These metabolic products are highly polar and
excreted in the urine, either in free form or bound
to sugars or sulfates. Metabolites of OPs can
be specific and non-specific. The non specific

metabolites of OPs are dimethylphosphates

(DMPs) like  dimethylphosphate  (DMP),
dimethylthiophosphate (DMTP), and
dimethyldithiophosphate (DMDTP) and

diethylphosphates (DEPs) such as diethylphosphate

(DEP), diethylthiophosphate (DETP) and

diethyldithiophosphate (DEDTP). The

specific metabolites of OPs, DAPs, are the most

non-

commonly used indicators for biomonitoring
and estimation of the cumulative OP exposure
in humans (Kavvalakis and Tsatsakis, 2012;
Tsatsakis et al., 2009a; Tsatsakis et al., 2010).

Assessment of acute pesticide exposure is
generally based on blood and urine analysis (Barr
and Needham, 2002; Margariti et al., 2007).
However, the adverse health effects appeared
on humans as a result of chronic exposure, have
raised a worldwide concern expressed as strict
regulations and bans. In this review study special
emphasis is given in hair analysis due to the
ability of hair testing to assess chronic exposure
to OPs. The first report on measurement of DAPs
in human hair came from Margariti and Tsatsakis
(2009). Thirty samples from occupationally
exposed population were analyzed for DEP,
DMP and DMTP which were detected in 70 %,
40 % and 20 % of the samples, respectively. The
detected concentrations ranged from 0.10 to 0.46
ng/mg for all analytes.

The cases of four patients poisoned by OPs
were studied by Tsatsakis and his colleagues (2012)
for examine the DAPs, as biomarkers of past acute
exposure to OPs in hair samples. The analyzed
metabolites were DMP, DEP, DETP and DEDTP.
The hair samples were cut to 1-cm segments and
were analyzed separately for the assessment of
past acute exposure to chlorpyrifos, phenthoate
and dimethoate. The first patient was poisoned by
chlorpyrifos and its metabolites DEP and DETP
were detected at high levels, 482 and 1442 pg/mg
respectively, at the segment corresponding to the
time of poisoning (p<0.001). The third patient was
exposed to dimethoate and DMP was detected at
level 105 pg/mg in the segment corresponding to
exposure. The last patient was exposed to a small
quantity of chlorpyrifos and DEP was detected
at 55 pg/mg in the segment corresponding to

exposure. Only for the second patient poisoned by
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phenthoate there were no observable differences
among the analyzed metabolites.

In this study, DAPs were detected in all
hair samples although elevated concentrations of
certain metabolites were observed in segments
proximate to the suicide period. These metabolites
corresponded to the ones produced by the
ingested parent compound. The authors conclude
that measuring DAPs in human hair indicates the
cumulative exposure of the individual and a high
level of a certain DAP in a segment can be used
for assessing past acute exposure to a specific OP
pesticide.

The comparison between biomonitoring data
of rural residents (group without occupational
exposure) and sprayers (group with occupational
burden of the
occupationally exposed group (Kokkinaki et al.,
2014; Koureas et al., 2014; Tsatsakis et al., 2010).

Both urine and hair matrices gave higher levels

exposure) revealed higher

of DAPs in agricultural workers than in rural
residents-control group. The detection rates of
DAPs for both control and sprayers groups were
high in both matrices. The median levels and
the percentage detection rates are in Table 1.
Data analysis revealed that these correlations are
statistically significant (p<0.001) (Kokkinaki et
al., 2014; Koureas et al., 2014). SumDAPs levels
in hair samples of the sprayers are significantly
higher than in the hair of control group (p<0.001),
confirming the long-term exposure to OPs

(Fig. 2).

The use of personal protective measures
and hygiene behaviors has a significant impact
in reducing exposure of agricultural workers to
OPs. More specifically, wearing gloves and full
body coveralls while handling and applying
pesticides, was positively associated with lower
body burden of OPs (p<0.05). Workers who
used to change their uniform immediately after
accidental spillage of pesticide had much lower
urinary levels of DAPs than those who did not
change their clothes (Koureas et al., 2014). The
67.5 % and 40.8 % of the applicators reported
that they use a mask and gloves respectively
while mixing or loading the pesticide and only
the 32.9 % usually use full body coveralls.
The 76.3 % change clothes immediately after
application and the 23.7 % are smoking while
working.

Fetal exposure to OPs is estimated by
the measurement of DAPs in amniotic fluid
(Koutroulakis et al., 2014) and meconium
(Tsatsakis et al., 2009a). Amniotic fluid (AF)
samples from 415 mothers from Greece (Crete)
were analyzed for DMP, DMTP, DEP, DETP,
and DEDTP (Koutroulakis et al., 2014). Sums
of DMPs, DEPs and DAPs ranged from 0.07
to 222.9 ng/ml, 0.19 to 254.3 ng/ml and 0.05 to
252.6 ng/ml, respectively. DEP and DETP were
the most frequently detected metabolites with
detection rates 90.5 % and 74.0 %, respectively.
DMP and DEDTP were detected at 60.0 %
and 39.5 % of the samples, respectively. The

Table 1. The median levels and the percentage detection rates of DAPs in hair (pg/mg) and urine samples (ng/ml)

from Greek population

. . . General population Pesticide applicators
Study Biological Matrix ( % positive samples) ( % positive samples)
Tsatsakis et al., 2010 Hair 301.5 (63.0-96.3) 1694.4 (100)
Koureas et al., 2014 Urine 11.9 (81.3-99.1) 24.9 (97.4-100)
o Hair 54.7 (100) 170.1 (100)
Kokkinaki et al., 2014 -
Urine 15.0 (100) 869.5 (100)
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Fig. 2. Top: Comparison of sumDAPs levels in hair and urine samples of control and sprayers groups (Kokkinaki
etal., 2014). Bottom: SumDEPs and sumDA Ps median values (pg/mg) in head hair samples. Comparison between

the control and sprayers groups (Tsatsakis et al., 2010)

sumDMPs

birth weight, although rural residents were

was positively associated with
not significantly differentiated from the urban
population. Notably a seasonal variation in the
levels of DAPs in AF was observed (Fig. 3)
and it represents the use of certain OPs used in
cultivations at specific periods of the year. High
levels of DMPs were detected during autumn of
2006 and 2007 and spring 2008. DMPs are the
metabolites of malathion and dimethoate which
are used for the systematic spraying of common
agricultural products in Crete like apples,
grapevines, vegetables and olive oil trees. DEPs
are metabolites of chlorpyrifos and diazinon and
showed high levels during winter 2006—-2007
and autumn 2007 due to the widespread use of
diazinon in vineyards and fruits.

Meconium starts to be produced after 16

weeks of gestation and it is not excreted until birth.

Consequently, pollutants that fetus is exposed to
through his mother, are accumulated and it can be
considered as a suitable matrix for the assessment
of fetal exposure to OPs (Tsatsakis et al., 2009a).
Samples from mothers in Greece were analyzed
for DMP, DEP, DMTP, DETP and DEDTP and the
positive samples ranged from 57.9 % (DEDTP)
to 92.1 % (DMP). The range concentrations
for each metabolite were 10.64-739.45 ng/g
(DMP), 1.50-79.14 (DEP), 8.54—662.16 (DMTP),
1.25-19.04 (DETP) and 0.5-8.04 (DEDTP). The
pesticides burden in meconium as presented in
this study was greater than reported in AF and
urine elsewhere (Kokkinaki et al., 2014; Koureas
et al., 2014).

There are many studies in literature about
the impact of pesticide exposure on fetuses
(Androutsopoulos et al., 2013; Eskenazi et al.,
2010; Hernandez et al., 2013). Effects on brain
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Fig. 3. Seasonal variation of DAP metabolites measured in amniotic fluid from mothers in Greece (Koutroulakis

et al., 2014)

development(Dametal.,2003; Slotkinand Seidler,
2007) and interactions with the endocrine system
(Fowler et al., 2007) are reported. Correlations
between DAPs in meconium and adverse birth
outcomes came up also from this study (Tsatsakis
et al., 2009a). It seems that exposure to OPs
during pregnancy is related with complications
during pregnancy, gestational week of delivery,
congenital abnormalities and birth weight.

In areview study (Kavvalakis and Tsatsakis,
2012) a global overview of the biomonitoring
data of OPs from 1990 to 2011 was presented.
The greater burden of agricultural workers has
been confirmed in both urine and hair samples.
The detected levels of DAPs in human urine in
worldwide scale ranged from 18 to 830 ng/ml for
the general population and from 29 to 1370 ng/ml
for the exposed groups. The ranged concentrations
for DAPs in AF and meconium were 0.3—
2.8 ng/ml and 0.5-16,000 ng/ml, respectively.
Levels in hair from the general population were
between 40.0 and 165.0 pg/mg and between
181.7 and 812.9 pg/mg for the occupationally
exposed group. Comparison among countries
and continents would give interesting results
since the pesticides used and the cultivations are
varying. The general trend between Europe and

America is that general population is less exposed

to pesticides relatively to pesticide applicators for
both continentals (Fig. 4). However, it seems that
exposure to pesticides is greater for Europeans

than Americans.

Human monitoring
of OCs exposure

DDT is a very effective organochlorine
insecticide, introduced in market in 1944,
during World War II and banned in the 1970s
in the entire developed world. When DDT
enters human body it is slowly metabolized to
1,1-dichloro-2,2-bis-(4-chlorophenyl)ethylene
(DDE) and 1,1-dichloro-2,2-bis(4-chlorophenyl)
ethane (DDD). The parent compound and its
metabolites are extremely lipophilic compounds
which are stored in the fatty tissues. Lindane
is the y-isomer of the hexachlorocyclohexane
(HCH) which is an excessively used insecticide
because it is very cheap and effective. It is also
a persistent compound, slowly metabolized and
stored in the fatty tissues. Possible target organs
for lindane are the central nervous system,
immune system, liver, kidneys, pancreas and
testes (Betoulle et al., 2000; Johri et al., 2008;
Saradha et al., 2008). Long term exposure to DDT
has a potential impact on breast cancer, diabetes,

decreased semen quality, spontaneous abortion
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Fig. 4. Intercontinental comparison of the biomonitoring data for DAPs in urine from exposed and general

population (Kavvalakis and Tsatsakis, 2012)

and impaired neurodevelopment in children
(Eskenazi et al., 2010). It is still a controversial
issue whether low exposure to OCs can be related
with impairment of cognitive function leading
to dementia and Alzheimer disease (Singh et al.,
2013; Medehouenou et al., 2014; Kim et al., 2015;
Richardson et al., 2014).

Hair analysis gives information about
chronic exposure to pollutants and therefore it is
the most appropriate matrix for the assessment
of human exposure to persistent organic
pollutants (POPs) like organochlorine pesticides
(Tsatsakis et al., 2008a). Hair samples of 222
rural residents in Helia Peloponnesus (Greece)
were collected and analyzed for DDTs (opDDE,
ppDDE, opDDD, ppDDD, opDDT, and ppDDT)
and HCHs (a-HCH, hexachlorobenzene [HCB],
lindane [HCHs]). About 32.4 % of the samples
were positive for at least one DDT isomer
and metabolite and the percentage detection
frequencies ranged from 2.7 % (opDDE) to
13.5 % (ppDDE) (Table 2). Approximately
50.5 % of the samples were burdened with at
least one HCH isomer. The detection rates for
lindane, a-HCH and HCB were 33.2 %, 30.6 %
and 26.1 % respectively. The sum of HCHs
(mean 189.2 and median 117.8 pg/mg) was
higher relatively to the sum of DDTs (mean 56.4

and median 9.4 pg/mg). Statistical treatment of
data revealed no significant association between
exposure to OCs and gender or age.

The analysis of hair samples for DDTs
(op and pp isomers of DDE, DDD and DDT)
from children living in rural and urban regions
gave statistically significant differentiations
(Tzatzarakis et al., 2014). Two rural regions
and one urban were examined (Crete, Greece)
and it was concluded that rural residents had
greater exposure (p=0.001) and more positive
samples (p<0.05) relatively to townspeople.
These correlations were significant for urban/
rural classification and per region comparison.
More specifically, median levels of sumDDTs
in urban, rural A and rural B regions
were 4.7 pg/mg, 11.7 pg/mg and 4.6 pg/mg
respectively. In rural region A there were
100 % positive samples for sumDDTs, 96.6 %
in rural B and 80.0 % in urban. Although DDT
is a banned insecticide, it is still detected in
human body possibly due to its extensive use
in the past and its bioaccumulation in living
organisms.

Different

agricultural occupation can result in different

types of cultivations and

exposures to pesticides amongst agricultural

workers. Thus, three population groups
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Table 2. Median concentrations of total HCHs and DDTs in hair samples (pg/mg) and serum (ng/ml) from Greek

population
Biological sumHCHs sumDDTs
Study N, population el (% positive | ( % positive
Matrix
samples) samples)
Tsatsakis ct al., 2008a | 222> "ural residents in Helia Head Hair | 117.8 (50.5) | 9.4 (32.4)
Peloponnesus
Tsatsakis et al, 2008b | > agricultural workers in Messara |y o 4 poie | 796 28.1) | 373 (673)
and Sitia in Crete
Tzatzarakis et al., 2014 Z:Zr’et”erba“ and rural residents from Head Hair - 4.6 (94.4)
Koureas et al., 2016 103, general population from Larissa Serum 0.13 (67.96) | 1.25(99.03)

including greenhouse workers, animal breeders
and workers in open cultivations were used
for the comparison between body burden and
type of occupational exposure to pesticides
(Tsatsakis et al., 2008b). The study population
(211 individuals) was exposed to OPs (diazon,
fenthion, methyl parathion and malathion) and
OCs (HCH, DDT). Population was burdened
with higher levels of HCHs compared to
DDTs. Greenhouse workers were exposed to
95.0 pg/mg HCHs and 8.9 pg/mg DDTs, animal
breeders 38.2 pg/mg HCHs and 3.3 pg/mg
DDTs, open cultivation workers 24.1 pg/mg
HCHs and 5.2 pg/mg DDTs. Biomonitoring
data showed that the DDTs burden is similar in
the three groups (p=0.528), but HCHs burden
is significantly higher and especially for
greenhouse workers (p=0.009). This particular
research comprises a part of another study
(Tsatsakisetal.,2009b)inwhich 533 hairsamples
from Cretan population (463 rural residents
and 70 urban residents) were analyzed to assess
exposure to OCs and OPs. The detected levels
of sumHCHs were significantly differentiated
between rural (median, 90.7 pg/mg) and
urban residents (median, 41.6 pg/mg). On the
other hand, no difference was documented for
sumDDTs between the two population groups
(rural, 38.4 pg/mg and urban, 32.6 pg/mg).

Apart from hair analysis, serum can also
be used in biomonitoring of past exposure to
pesticides (Koureas et al., 2016). Serum samples
from 103 volunteers from Central Greece were
analyzed for a-chlordane, c-chlordane, DDD,
DDT, DDE and hexachlorbenzene (HCB),
heptachlor epoxide and heptachlor. Almost all
examined individuals were positive for ppDDE
(99.03 %). The other compounds were detected
at lower frequencies ranging between 0.97 %
(heptachlor epoxide) and 67.96 % (HCB). The
median concentrations for the most commonly
detected compounds were 1.25 ng/ml (ppDDE)
and 0.13 ng/ml (HCB). Statistical treatment of
data showed no correlations between exposure
and gender or lifestyle habits. However, elderly
population and individuals with primary or no
education had higher exposure to OCs (p range,
0.002-0.015) and HCB (p range, <0.001-0.043).
The reported exposures to OCs in this study
possibly reflect past exposures to DDT mainly
though diet and environment.

Adverse health effects linked

to pesticide exposure

Several review studies have been published
presenting the adverse health effects of pesticides
exposure (Androutsopoulos et al., 2013; Koureas

et al., 2012). The association between prenatal
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pesticide exposure and potential adverse
birth outcomes is a point of interest for many
researchers. Three large cohort studies, the
CHAMACOS cohort (Eskenazi et al., 2004), the
CCCEH cohort (Perera et al., 2003; Whyatt et al.,
2004) and the Mount Sinai cohort (Berkowitz et
al., 2004; Wolff et al., 2007) have investigated
the associations between maternal exposure
to pesticides during pregnancy and effects on
gestation and newborns. The results showed
that exposure to OPs is negatively associated
with gestation duration (Eskenazi et al., 2004),
birth weight and birth length (Whyatt et al.,
2004). Prenatal and postnatal exposure to OPs
was associated with pervasive development
disorder, decreased cognitive abilities (Eskenazi
et al.,, 2007) and attention problems not only in
newborns but in 5-year old children (Marks et
al., 2010). Rauh and co-authors (2006) confirmed
these findings and also proposed that chlorpyrifos
is significantly associated with both mental and
motor delays and hyperactivity disorder.

Pesticide exposure in male adults is
significantly associated with sperm DNA damage
and fragmentation (Ji et al., 2011; Meeker et al.,
2008; Sanchez-Pena et al., 2004). A significant
decrease in sperm concentration, sperm motility,
sperm count and sperm volume is reported among
individuals with high OP exposure (Perry et al.,
2007; Recio-Vega et al., 2008; Yucra et al., 2008;
Jietal., 2011; Xia et al., 2008).

Several  studies  correlate  pesticide
exposures with hormone disorders appeared in
occupationally and non-occupationally exposed
males. Thyroid hormones measurements in
serum, including levels of thyrotropin (TSH),
total thyroxine (T3) and triiodothyronine (T4),
showed significant associations with urinary
DAPs (Lacasana et al., 2010a, b; Meeker et al.,
2006). Serum levels of Follicle stimulating
hormone (FSH), Luteinizing hormone (LH),

prolactin, testosterone, inhibin B and estradiol

were determined in a cross — sectional study
among floriculturists in Mexico (Blanco-Munoz
et al.,, 2010). A negative association was found
between inhibin B and four DAP metabolites.
DEP was inversely correlated with FSH and
DETP was associated with lower LH levels.
Long term exposure to OCs and OPs has
been associated with hepatitis, cardiovascular
disease, prostate cancer and thyroid function by
many studies (Lacasana et al., 2010a, b; Tsatsakis
et al., 2009b, 2011). Organochlorine pesticides
are suspected to cause cancer in humans because
they are shown to induce DNA damage in human
lymphocyte cultures and impair the structural
integrity of c-myc and TP53 genes (Mladinic
et al., 2012). Vakonaki and co-authors (2013)
emphasized on the relation between pesticide
exposure and dysregulated cancer-related genes
and the interactions of pesticides upon oncogenic
proteins and tumor suppressor proteins. OCs
such as pp-DDT and pp-DDE could play a part
in the pathogenesis of exocrine pancreatic cancer
via modulation of K-ras activation, although
the exact mechanism in human populations
remains unclear (Porta et al., 1999). Occupational
exposure to pesticides increases the incidence of
non-Hodgins lymphoma especially during the
high pesticide use period (Roulland et al., 2004).
Occupational risk of pesticide exposure is an
important determinant of mutation development
at key-genes involved in cellular proliferation
and cell cycle control. The exact mechanisms
that underlie the progression of a “healthy” to
an “oncogenic” genotype in human populations
exposed to pesticides remain unclear, mainly due
to the plethora of chemical used, the main route
and severity of exposure, as well as the complexity

of genomic information of each population.

Conclusions

In summary, human is either occupationally,

dietary or environmentally exposed to pesticides.
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Occupational exposure refers to agricultural
workers and pesticide applicators. Occupationally
exposed to pesticides populations have a greater
body burden than general population. The use of
personal protective measures and use of full body
coveralls are mandatory and offer an effective
protection against pesticide exposures. To ensure
the safety of consumers and agricultural workers,
there is need for the continuous education and
training of those involved in the production and
distribution of products, for the safety of their
work, the potential risks and the recent advances in
crop protection. Environmental exposure includes
exposure via food and water consumption and air
breathing polluted with pesticides residues due
to their extensive use. The presence of pesticide
residues in foodstuffs is worrying although the
detected levels in products from Greek market
are low.

Biomonitoring using various biological
samples enables the assessment of the type of
exposure (acute, systematic, severe, chronic) and
the association of this exposure with adverse
health impacts. Several studies have measured
pesticides or their metabolites levels in urine and

blood samples, amniotic fluid, meconium and
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