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Biomonitoring

ExTipnon TNG £€kBeon¢ Tou avBpwTToU O€
KATTOIO XNMIKN oudia TTou BPioKETAl OTO
TEPIBAAAOV, HEOW TNC

UETPNONG TOU AVTIOTOIXOU BlopdpTupa
¢ékBeonc (exposure biomarker) : 1n
UNTEIKN ouadia (N KATTolov YETARBOAITN N
TTPOIOV avTidpaong) oTo AvOpwWTTIVO aija,
oupa, yaAa, oaAlo 1] KATTOIO I0TO.



OPIZMOI

+» BlogapTupag (Biomarker): yia xnUIKn ouaia, KATTOI0G
LMETARBOAITNG TNG ] TO TTPOIOV TNS AAANAETTIOpAONG METAEU
TNC XNMIKAG ouaiag Kal KATTOIOU I0TOU-OTOXOU I) KUTTAPOU.
[MpoadiopileTal 0TO AVOPWTTIVO CWHA.

+» Mepi1BaAAovTiKn TTapakoAoudnon (Environmental
monitoring): o TTPOCdIOPICHOC TNGC CUYKEVTPWONG EVOC
PUTTAVTI O€ €va MEOO (TTX. AEPAC, XWHA, VEPO N TPOVN).

+» AvBpwTTivn BlomrapakoAouBnon (Human
biomonitoring): o AQuECOC TTPOCDIOPICUOC TNG €KBEONC TOU
avOpwTTOU O€ TOEIKEC ouaieC Tou TTEPIBAAAOVTOC HECW TOU
TTPOCOIOPICHOU TWV OUCIWV AUTWYV (N TWV METABOAITWY
TOUG) o€ avBpwTTiva deiyuarta (aiga, oupa KATT).



® BiopapTtupag £€kBeoncg (Biomarker of exposure): (17.X.
KOTIViVN OTO dipga ) oTa oupa TwV TTadNTIKWYV KATTVIOTWYV,
UWETARBOAITEC TNG BevlivnG OTA OUPA TWV AVOPWTTWY TNG
TTOANG KATT).

® BiopapTtupag atroreAéouarog (Biomarker of effect): Mia
LMETPNOIUN BIOXNMIKI, PUOIOAOYIKI, CUUTTEQIPOPICTIKI 1)
AAAN TPOTTOTTOINCN O€ EVAV OPYAVIOUO, N OTToia avaAoya UE
TNV EKTACOT) TNG UTTOPEI VO avayvwPIOTEI OTI OXETICETAI ME
emoegivwon TNG uyeiag N pe acBeveia (trx. DNA adducts).

® BiopapTtupac euvaicOnaoiag (Biomarker of susceptibility):
AEgIKTNC TNG KANPOVOUIKNC N ETTIKTNTNG IKAVOTNTAC EVOC
OpYyaviouoU va avTidOpa oTnV £KBEON O€ Pia OUYKEKPIMEVN
xNUIKN ouaia (1rx. G6PD deficiency)



Biomarkers of
Susceptibility

BlopdpTupag £€KOeong BiopapTtupag
ATTOTEAECHATOG

— 'ExBeon o€ TTapdyovTeC KivdUvou — TPOTIOTTOINGN GOUNG
— Eowrtepikn 60N N AgIToupyiag
— BIoAOYIKG aTTOTEAECHO — KAIVIka gupTrTwpara

[TAeovEKTNUA: EUPECN TNG TTPAYMATIKIG CUYKEVTPWONG TNG
TOCIKNG ouaiag oTo avOpWTTIVO CWPA, AVECAPTATWGS TNG
TTNYNGS €10000U KAl XWPEIC TIC aBEPAIOTNTEC TWV
TTPOYVWOTIKWYV HOVTEAWV.

*Based on: Committee on Human Biomonitoring for Environmental Chemicals, 2006



Environmental
risk factor
(or certain dose)

» Aev PTtTOPEI VO
UTTAPXOUV ETTITITWOEIC
QTTO KATTOIO XNUIKN

ouaia Xwpic €kBeaon
Organ / System

X
* AAAA n €kBeon dOev
o0NnVyei TTavTa o€
APVNTIKEG ETTITITWOEIC

Physiological
Adaptation

Disease

*Image based on: Agency for Toxic Substances & Disease Registry. Exposure-disease model. Case studies in environmental
medicine. Pediatric Environmental Health, 2002, appendix A. Available at www.atsdr.cdc.gov/csem/pediatric/appendixa.html —
accessed March 2011



[Mo1o aT1rd Ta dUO TOELIKA XNMIKA
gival o TiKivouvo; ‘Evacg
TTEPIBAAAOVTIKOC XNMIKOC TUTTOC
Oa TTepacel TTOANG oTAdIO PEXP!
VO KATOOTEI ATTEIAN VIO TNV UYEIQ.
O 10CIKOC TTapdayovTag 1 TTapoAo
TTOU BPIOKETAI O€ PHEYAAUTEPN
agpBovia oTo TTEPIBAAAOV, AOYW
AAAWV IDI0TATWYV TOU OV
QTTOTEAEI TOOO PEYAAO KivOuvo yia
TNV uy€ia 600 o TTapayovrag 2. H
avaAuon BlogapTuUpwV TTAPEXE!
TIG TTAE0OV KATAAANAEG
TTANPOYPOPIEC YIa TNV TTPOCTACIA
NG UYEiag
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Environmental monitoring
media:

Manmade sources: Natural sources:

dust
sediment
personal care

sImage based on: Needham LL et al. Uses and issues of biomonitoring. International Journal of Hygiene and
Environmental Health, 2007, 210:229-238.
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Absorption, Distribution, and Elimination of
Environmental Chemicals in the Body
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Exposure-Effect Continuum for Environmental

RISK
MANAGEMENT

EPIDEMIOLOGICAL

STUDIES
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Biomonitoring for Disease Prevention

Adapted from: HESI’s Biomonitoring Technical Committee



EmiAEyovToc TO CWOTO OEiyHa

® Ecaprtaral ammd TN XNUIKA oudia UTtro
MEAETN

® Ecaprtaral ammo Tov TANBUouo (NAIKiQ,
(PUAIN, KATAOTAON UYEIQG KATT).



Selection of Biomonitoring Matrix:
Environmental Chemical Dependent

® AUO KUPIEC KATNYOPIEC TTEPIBAAAOVTIKWYV
QUTTAVTWV

¢ ETTipovol (xpovog nuiCwng o€ £Tn):
PCDDs, PCBs, PBDEs, PFCs, OCs, Pb

¢ Mn etTipovol (xpovog nuiIwng o€
AeTITA/WPEC): phthalates, pesticides (OPs,
carbamates, pyrethroids), VOCs



Post-Exposure Fate of a Persistent Chemical
in Blood and Urine
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Needham and Sexton. JEAEE 10: 611-629 (2000)
Adapted from: Henderson et al. Crit Rev Toxicol 20: 65-82 (1989)



Post-Exposure Fate of a Nonpersistent
Chemical in Blood and Urine
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Post-Exposure Fate of a Nonpersistent
Chemical (chronic exposure) in Blood and
Urine
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Barr et al. Environ Health Perspect 113:1083-1091 (2005)
Needham, Barr, and Calafat. Neurotoxicology 26:547-53 (2005)



Relative Importance of Various Biological Matrices for
Measuring Exposure During the Different Life Stages

Matrices Adult Fetal 0-1 year | 2-3 years 4-11
preconception | 1st | 2nd | 3rd years
Persistent Organic Chemicals
Blood (whole) 1 1 1 1
Blood (serum) 1 1 1 1
Blood (plasma) 1 1 1 1
Urine 3 3 3 3
Saliva 3 NA 3 3
Hair 3 3 3 3
Nails 3 3 3 3
Adipose Tissue 1 NA NA NA
Feces 3 3 3 3
Semen 3 NA NA NA
Breath 3 NA 3 3
Teeth NA NA NA 3
Cord Blood 1 1 1 1 3 3 3
Meconium 3 2 2 2 3 3 3
Milk (maternal) 1 1 1 1 1 3 3
Blood (maternal) 1 1 1 1 1 3 3
Urine (maternal) 3 3 3 3 3 3 3
Hair (maternal) 3 3 3 3 3 3 3

Barr, Wang, and Needham. Environ Health Perspect 113:1083-91 (2005)




[MAgoveKTAMOTO
BiopapTUpwWV

<« EmBeBaiwon
ATTOPPOPNONG OTO CWHA

*» METpnon ouUVOAIKNG
€KBeonC

¢ Avixveuon TTOAU HIKPWYV
EMITTEOWV EKBEONC

» ‘EAeyxoc kai emefaiwon
MOVTEAWV €KBEONC

< Agdopeva yia TNV PETABOAN
NG €kBeEONG Peoa aTo
XPOVO

¢ EKTiuNnON TWV
TTapePPAceEwWV TTOU
agpopouv aTn dNUOCIa UYyEia

Neplopiocyoi
BiopapTUpWV

» Agv divel TTANPOPOPIEC yIa
TIC TTNYEC, TIC 000UC Kal TN
dlapkela €KkBeong

¢ Agv KaBopilel TIC TOCIKEC
O00EIC

*» ETTnpeaderal atro TIg
QVOAUTIKEC EBODOUC

 ‘EAeipn emredwv
Ava@oOPAC

“* ‘EAAEIWN TOCIKOAOYIKWYV KAl
ETTIONMIOAOYIKWV
OEOOMEVWV YIA TOUC
TTEPIOOOTEPOUC
TTEPIBAAAOVTIKOUC
PUTTAVTEG



Identifying priority
exposures. Out of thousands
of chemicals, which are the most
dangerous? Biomarkers can help set
priorities for
public health
and regulatory
follow-up.

Identifying at-risk
populations. Large biomarker studies
can distinguish exposure differences among
racial, geographic or socioeconomic groups.

a

Recognizing time trends in

exXposure. Periodic measurement of
biomarkers in the population shows how body

burdens of chemicals vary from season to
season, year to year and decade to decade.

Establishing reference
ranges for comparison.

A blood test shows that you've been
exposed to some chemical. Should you
be worried? Your
doctor can'’t
tell without data
from people
with little or no

exposure.




Providing integrated Evaluating exposure
dose measurements. prevention efforts.

Biomarker analysis provides a Our government is entrusted with reducing
direct assay of body burden that people's exposure to environmental
integrates exposure from all sources, chemicals. Do they succeed? Before-and-after
even ones that are hard biomarker tests can tell.
to measure.

When used to establish levels of human chemical exposure,
biomonitoring has six major uses that can help to protect public
health.

*Sexton, Needham and Pirkle. 2004. Human Biomonitoring of Environmental Chemicals, American Scientist, Volume 92




AINAHMMATA

® MeBodoAoyika OEpATa (AVAAUTIKA TEXVIKN,
£5NYNON TWV OEOOUEVWV KATT)

® OLuaTa EVNUEPWONG TOU Kolvou (0
TTANBUOPOC UTTOPEI VA AVAUEVEI N PEAAIOTIKA
QTTOTEAEOUATA)

® HOIKG dIAAupaTa (dnuioupyia TpatTeCaC
YEVETIKOU UAIKOU, £Yypa@n ouvaivean KATT)



CASE
STUDIES




MOAYBAOZ (Lead)

® XnUIKN ouaia yVWwaoTNG TOCIKOTNTAC



Lead used in gasoline declined from 1976 through 1980
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Environmental modeling predicted only a slight decline

Lead used in
gasoline

(thousands
of tons)

in blood lead levels in people

Predicted blood lead

Gasoline lead

Mean blood

lead levels

(ug/dL)



Lead used In gasoline

(1000 tons)

Lead in gasoline and lead in blood
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After NHANES Il, EPA further restricted leaded gasoline and
gasoline lead levels continued to decline through 1991
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Lead used In gasoline

(1000 tons)

NHANES Iil (1988-1994) showed blood lead levels
continued to decrease as gasoline levels declined
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Blood lead levels in the U.S. Children
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Percentage of children 1-5 years old in the U.S. population
with elevated blood lead levels (> 10 ng/dL)
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Understanding international crime trends:The legacy of
preschool lead exposure,

by Rick Nevin, Environmental Research 104 (2007) 315-336
This study shows a very strong association between preschool
blood lead and subsequent crime rate trends over several decades
In the USA, Britain, Canada, France, Australia, Finland, Italy, West
Germany, and New Zealand. The relationship is characterized by
best-fit lags (highest R? and t-value for blood lead) consistent with
neurobehavioral damage in the first year of life and the peak age of
offending for index crime, burglary, and violent crime. The impact of
blood lead is also evident in age-specific arrest and incarceration
trends. Regression analysis of average 1985-1994 murder rates
across USA cities suggests that murder could be especially

associated with more severe cases of childhood lead poisoning.



Lead exposure and violent crime, USA

Gasoline lead tonnes per 3,000 population =— — Violent crimes per 100,000 population
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When the amount of lead in the environment increased, this graph

shows a corresponding rise in violent crime two decades later




EZAYXOENEX XPOMIO XTO II0OXIMO
NEPO.
EKOEXH KAI EINIIIITOQXEIX EIIl THX
YT'EIAX: ENA IIAPAAEII'MA
XHMIKOY KINAYNOY

MeAetn tov Epy. Yyleivng



Mop@éc Xpwpiou: onuavTiko!!!

*E€acBeveg Xpwpio Cr(VI) . TpioBevéc Xpwpio Cr(lll)

-Cro,2, Cr,0,2, H,Cro,, «Cr(OH),*, Cr(OH),’,
HCrO, Cr(OH),°

= loxupda d1aAuTO = AlyéT1EPO JIGAUTO

= |loxupd& €UKivnTo =>AIlYOTEPO EUKIVNTO

= |loxupa TOCIKO (YVWOTO = AIYOTEPO TOEIKO

KAPKIVOYOVO NECW TNG
€I0TTVONG)



ATtO IOV TIPOEPYXETAL;

*Blopynxavia
XPWUATWYV

N

*ETrecepyaoia
OEPUATOC

*MeTaAAoupyia
XPwHiou ™.

ToUBA
*DUOIKG OPUKTA
(Xpwyitng,
OQPIOAIBOI ...)



http://www.tceq.state.tx.us/assets/public/remediation/superfund/adcooptim/images/adco03_jpg.jpg

To Xpwpio oTo TePIBaMAoV
\ |
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Human
activities concerns

*Od06¢ 1: n TAéov onuavTik ouvoAiki TNy Cr(VI), evw
*Od0¢ 2: n 1Mo onuavTikn euaoikn diadikaaia axnuaTtiopou Cr(VI).
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'ExOeon oe Cr(VI) peow
: KATAnoong

Katarmoon —

VI)




IIpocAnwn Cr(VI) amno To KUtTtapo

« Cr(VI) LSy w
, PEKWV, !

EVSOKUttaplo

ESoruttap1og
XWPOG



MetafoAiopog Cr

E¢wkuttdpia To Cr*® avayerai ® To Cr*3 AEN putropei va

oe Cr+3 dIaTTEPACEI TNV KUTTAPIKNA

To Cr*6 eioépxeTal oTa KUTTAPA HeUBpavn

EvdokuTttdpia 1o Crté avayeral ® To Cr* pmopei va Tpoodebei
ge Cr+3 oT1o DNA (DNA-adducts) kai

To Cr'6 AEN ptropei va BAGWl OTIG TIPWTEIVEG

10 DNA

*EcwkutTtapia avaywyn tou Cr(VI) — diadikaoia peiwong
NG TOCIKOTNTAC (detoxification process) — pn TOCIKO Kal
un elogpyxopevo oto Kuttapo Cr(lll).

*EvookuTTapia avaywyn tou Cr(VI) — diadikaaoia
evepyotroinong (activation process) — Cr(lll) Trou
avTIOPA HE TIC TTPWTEIVEC Kal JE TO DNA kal duvnTIKA PTTOPEI
VA TTPOKAAECEI KAPKIVO.



To onueio-KA€Idi yia TOV KABoPIoUO TWV
emMTITWOoewV Tou Cr(VI) otnv uyeia pEow TNG

KATATTOONC Eival

*Kartd 1TO600 10
Cr(VI) ytropei va
TTPOCANPOEi WC
EXEI MEOW TOU
YOAOTPEVTEPIKOU
owAnNva kai va
0£oel Kivouvo
KAPKIVOYEVEONC

>

*Karta 11000 TO
Cr(VI) avayetal o€
Cr(lll), To oTroio
TTpocAaupaveral
eANAXIOTA KOl EXEI
TTOAU UIKPN
TOCIKOTNTO



Biomarkers of exposure and effect

XPWHIO OTA UyPA KAl OTOUG IOTOUG TOU CWHATOG
AiuaroAoyikég. | HGB, HCT, RBC, MCV, PLT & MCH,
T WBC & avaoToAr} TnG TM¢NS ToU aijaTog.
Hmarikée: 1 BIL, LDH, & Tpavoauivdoeg Tou NTTATOG.
T TPIYAUKEPIDIO & YAUKO(N

OIAPOPOTIOINCEIC OTNV KATAVOMN KAl TN OPACTIKOTATA TWV EVCUNWV
TOU NTTATOC.

®PAcyuovn: | (IL)-6, (IL)-1 & tumor necrosis factor (TNF)-a KuToKiveg

NeupoAoyikéc: Mia avagopa £0¢<1Ee atroBéoelc Cr og 3 avOpwITIVOUG
EYKEPAAOUG.

Meiwon TG IKavOTNTAC Kivnong Kal TNG I00PPOTTIacC £XEI ava@ePOEi
g€ apoupaioud.

Agv uttTapyxouv AAAa 0edoMEVA YIATI “O€ KaMia MEAETN OEV E€XOUV
dlECaxOei TTI0 euaiocONTEC VEUPOAOYIKEC, VEUPOXNMIKEG 1)
OUMTTEPIPOPIOTIKEG AVAAUOEIC”



loxUouoeg KATEUBUVTNPIES TIMEG-
odnyoi yia To Cr 6TO TTOCINO VEPO
® \WHO, EupwTtraikn 'Evwon : 50 ug/L Cr

® California EPA: Maximum Contaminant Level 10
ug/L Cr(VI)



Kivntpo £€peuvvac

O1 KATOIKOI TNG EUPUTEPNC TTEPIOXNC TOU
AcwTrou TTotauou ekTiBevtal o€ Cr(Vl)
LECW TOU TTOCIUOU VEPOU.



2KOTTOG TNG UEAETNG

[100COIOPIONOC TWV CUYKEVTPWOEWYV Cr o€

EKTEBEINEVO YEVIKO TTANBUOPO

Kal
OlEPEUVNON TWV ETTITITWOEWY OTNV UYEIQ TTOU
OXETICOVTAI JE JAKPOXPOVN KAaTavAaAwaon
TTOCIMOU vEPOU TToU TTEPIEXEI Cr o€ EUPOC

OUYKEVTPWOEWYV aT1ro <0,5 €w¢ 90 ug/L



1 2UYXPOVIKI ETIONMIOAOYIKN €pEUVA
(cross-sectional).

1 Eival n mpwTtn €mONUIOAOYIKN WEAETN TTOU
£CETACEI TIC ETTITITWOEIC OTNV UYEIQ TTOU UTTOPEI
va TTPOKANBOoUV aT1rd TN JOaKPOXpovN
KATAVAAWON TTOCINOU VEPOU PE CUYKEVTPWOEIC
Cr(VI1) kovta aTo 1oxUoVv oplo (50 ppb) kai £xel
OXEOIOOTEI OE OATOMIKO ETTITTEDO.
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Meploxn LEAETNG: XOLPAKTNPLOTLKA

Biopnxavikég
AYpPOTIKEC SPACTNPIOTNTES SpaoTnpIOTNTEG

{.&.‘k ‘{ ;ﬁn‘ﬁ e
® 5-15% tn¢ €BviKNg

TP AYWYNG BLopnXowvikng
Kapétou, T[apavwvr’]q

® 13% NG EGVLan

KPEUULOLOU Kall
TTOTALTOLC



KaBopIioHOG UTTO-TTEPIOX WYV
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Cr ot0 OO0 VEPO

® OpPUKTOAOVLKEC &
VEWXNHLKEG
UEAETEC— Eva
1nooooto tou Cr eival
bUOLKNC
/ e Current guideline
npoeAevonc.

Yriapén MnO, guvoet
Cr(lll) og Cr(VI)>

CunoBdepou éwq
50 pg/L Cr(VI).
® Cr(VI)/Cr
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:

total -0,8-0,9 Al A2 before A2 after A0
Study area




[TANBUCOC HEAETNG
® 304 evnAIkec €BeAOVTEC, NAIKIOC 25-69 £TWV Kal JOVIUOI
KATOIKOI TNG TTEPIOXNC VIO TOUAAXIOTOV Ta TEAEUTAIA 7
OuVveXN €TN

® Aldpkela €kBeonc: 2 — 69 xpovia

® [0 KABe ouppeTEXOVTA UTTOAOYIOONKE
QTTO TO TTOCIUO VEPO.
ATTapaiTnTa oTOIXEIO NTAV: N OUYKEVTPWON Tou Cr 01O
TTOOIMO VEPO (OIKTUOU 1 EMPIAAWMEVO), TO €i0OC KaI N
TTOCOTNTA TOU TTPOCAQNBAVOUEVOU VEPOU NUEPNTIWG, O
TOTTOC Kal Ta £€TN OIAPOVNG KAl TO BAPOC OCWPATOC.



AvaAuoeic o€ TepIBAAAOVTIKA OEIYHATO

NEPO (N=50) *KaTaokeuaoTnke Baon

-MéTaAAa: Cr & Cr(Vl), Cd, Pb, Ni, Hg, As, OedopEvVWY yia Ta TEAEUTAIN

Fo Mn  OfKa €T (2004-2013) pe 676

“AMEC XNHIKEC TrapGpETpol: NO -, NO,-, TTPOadIoPIoUOUG OAIKOU Cr

NH,*, PO,3, SO,2, CI, Na, K, Ca, Mg, Ba Kal 572 TTpoCdIopIoHOUG

DuoIKOXNUIKES TTapduEToOr: PH, Cr(VI) oto mooIyO vEPO

aywyiuornta, BoAornTa, xpwua ONUWV Kal KOIVOTATWY, TToU
-Opyavikoi putravtég (POPs) (o€ 10% TepiEAGUPBave I0TOPIKA
TWV SEIYUATWY) OedopEVA TWV TTHYWV

EAA®OZ, KAPMOI (N=48) udpOdOTNONG Yia KAOE

Cr, Cd, Pb, Ni, Hg, As oneio



lpoowTTiIka 0sdouéva
® EpwrnuaroAoyio.

a) Anuoypa@ika XapaKTNPIOTIKA: nAikia, @uAo,
OIQPKEIA KAl IOTOPIKO OIaOVNG, OIKOYEVEIQKI KATAOTAON,
HOPPWTIKO ETTITTEOO, OIKOVOUIKO ETTITTEOO, EPYACIAKN
Karaoraaon.

BR laTPIKO I0TOPIKO: maboAoyikéC KATaoTATEIS,
KANPOVOUIKES aOBEVEIEG.

V) Epyaciako 10TopIKO.

5% TpoTtrog CwNG: euoikn dpaoTtnpidTnTa, KATTVIOUA,
aAKOOA, 01aTPOQYIKEC OUVNOBEIEC, KATAQVAAWAON TOTTIKWV
TTOOIOVTWV.

g£) EiIdOG Kal TToooTNTA TTOCINOU VEPOU (vepod dIKTUOU
UOpEUaNC / ELPIAAWUEVO / IDIWTIKN YEWTPNON / AAAO) Twpa
Kal OTO TTAPEABOV.



lpoowTTiIKa 0sd0ouéEva
® ECcTaon: Bdpog kar Uwog, cuaToAIKr Kai SIACTOAIKY) TTiECN QiuaTOC.

® NeupoAoyIKr €€ETaon: Unified Parkinson’s Disease Rating Scale

(UPDRS) _ Motor examination test: EkTipnon kivnTikAg duokoAiag Kai
emOLIivWONG.

® BioAoyika dciyuara-Biomarkers.

AEiyuaTa aigaToq: yevikn aiuaroc kai Bioxnuikn eEETacn, oAIkG
XPWUIO KAl OUYKEKPIUEVEC KUTOKIVEC (TTAPAYOVTEC PAEYUOVIAC).

AgiyuaTta JAaANIWV: oAiké xpwuio, kGduio, uoAuBdOg, vikéAio,
udPAPYUPOC, WEUOAPYUPOC.

2UYKPION PE ETTITTEOA HETAAAWY O€ EAANVIKO TTANBUCHO

BAong, TToU £XEI AvVATITUXOEI TTAAIOTEPO OTO EPYAOTNPIO
uacg (Leotsinidis and Kondakis 1990).



YtroAoyiopog mpoowtrikng dia Biou doong
XPWHIoU

® ‘Evac avBpwTtrog pével 40 xpovia o€ Eva XwPIo Kal TTiVEl
VEPO OIKTUOU.

® To vePO DIKTUOU EXEI HEON OUYKEVTPWON XpwHiou 20
ug/L.

® O avOpwTToC TTivEl KATA JECO OPOo 1 AiTpo VEPO TNV
NUEPQ.

® OAn 1N Cwn) Tou €Xel eKTEDEI O€
20 ug/L X 1L/nuépa X 365 nuépec/étoc X 40 €1n =
292000 pg Xxpwyiou.

® To ouvnBec¢ Bapoc Tou avBpwTrou gival 70 KIAG. Apa n
TTPOOWTTIKNA Ola Biou dOON XPpwHiou UTToAoyileTal O€

292000 ug/ 70 kg = 4171 pg/kg bw.



[TpoowTTIKA 010 Biou 000N XPWHIOU
(halkg bw)

A1 A2 A0 |ZYNOAO
(N=122) | (N=115) | (N=67) | (N=304)

Awapecocg 3738,0 1654,6 307,1 1533,1

Evpoc 26,1 -21574,7 8,6-29281,1 54 -3736,7 8,6 -29281,1
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Ava@epBeioeg TINEC ava@opac yia TO Cr

® Cr oT1o aipa: <0,04-1,20 ug/L Alimonti et al., 2005; Rodushkin
et al., 1999

® Cr ota paAAia: 0,03—1,20 ug/g lyengar, 1998
0,001-4,56 ug/g Mikulewicz et al., 2013

0,33 — 0,86 ug/g (25" — 75" ) Leotsinidis & Kondakis,
1990

oTOV TTANOUOUO pag
Cr oTOV OpYyaVvIONO EVTOC TWV «TIMWV aVA@OPACH



Tagivounon TWV CUMHETEXOVTWY HE faon TIC
aIHOTOAOYIKEC/BIOXNMIKESC OVOAUCEIS TOUG

® [ 10 va gpeuvnOEei TTEPAITEPW EAV Ol CUOXETIOEIC
TTOU BpEONKav YETAEU TNG OOONC XPWHMIOU Kal
TWV AIMATOAOYIKWV/BIOXNUIKWY TTOPAUETPWY,
EXOUV 00NYyNOoeEl 0€ PN PUCIOAOYIKEC TIMEC

Ol CUMUETEXOVTEC TACIVOUNONKAV O€ OPNADEC
avaAoya WE TIC TIMEC (PUOIOAOYIKEG I UN) TTOU
£QEICAV VIO KAOE TTAPAUETPO.



Aia iou d60n XpWHIiou ava oudada
TTANOUOUOU WG TTPOG TN CUYKEVTPWON
TPIYAUKEPIOIWV.
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Aia iou d60n XpWHIiou ava oudada
TTANOUOUOU WG TTPOG TN CUYKEVTPWON
VOTPIOU.
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LUMTTEQOOMATO

® «2UVNOBEIC» CUYKEVTPWOEIC XPWWMIOU OTO aipa Kal aTa JAAAIG
TWV CUUUETEXOVTWY O€ OUYKPION ME TIMEG avapopAC TTOU
EXouv e¢axOei atrd uyleic TTANBuoouC.

® H TpoocAnwn Xpwuiou atrd 1o Tooipyo vepod AEN ouvdeeTtal

e MEJIATAPAXEC TNG KIVATIKOTNTAG

e ME JIQYVWOMEVEC aoBEvEIEC TTOU DNAWBONKAV ATTO TOUG
OUMMETEXOVTEC (AVATTVEUOTIKA, KUKAOPOPIKA, KaPOIOAOYIKA
TTpoANuara, diatapaxeg BupeoeIdoUC, KapPKivol OAWY TwV TUTTWV,
KATT.)

*  OI OJAdEC TWV CUMMETEXOVTWY UE UPNAQ TPIYAUKEPIDIA ) ME XAUNAO
VATPIO DIEPEPAV WG TTPOC TN 000N XPWHIOU ATTO TOUC UTTOAOITTOUG.



