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i

— .

MPOPECVOHATHA HEMNMPO®ECNOHATHA
Basayx

MpupoaHm 3eM/buLITE 5 mg/kg (ASTDR) AHTpOMNOreHn

N3BOPU XpaHa (nanat, ncxpaHe) n3BOpun
B VinpycTpujcke oTnagHe Boge
Cep,VII\)I/Ig:?:ZKETeHe Bogaa (nospuwwcke sope, Tonvoxnue
Cnojesu rnuHe nogsemMHe Boje, Caro;/g;);fb?(?ogc?;;:%ﬂipmBa
BOAA 3a I'II/Ihe) Ekcnnoatauuja pyga
Juncnosnumja otnaga

»baTyTOBHU AaHU", 23-24. oKTOoGap 2014.
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roJHHA
19242014

[pUpPOAHM 1 aHTPOMOreHn N3BOPU KOHTaMMHAaLMje XXMBOTHE cpeanHe apCeHOM

0

Rain Clouds

Man-made arsenic sources

Mountains

arsi T™  Fertin
elrinzers
Volcanoes and pesticides
i _l_

T

I'«Ie',ltl.lralI arsenic

Fungi
bacteria

coal oil
; minerals

Magma arsenic Avallable arsenic | ” :

Unavailable arsenic
(Water Sﬂllfble)-ﬁ____gmunw"’ insoluble salts
Water surface-absorbed

organically bound

»baTyTOBHU AaHU", 23-24. oKTOoGap 2014.
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M3Bop: Polya, DA, Mondal D, Giri AK. 2010. Quantification of deaths and DALYs
arising from chronic exposure to arsenic in groundwaters utilized for drinking, o}

cooking and irrigation of food crops in Preedy and Watson (Eds) Handbook of

Disease Burdensand Quality of Life Measures, Springer-Verlag, 28 pp, in press,

modified after Ravenscroft et al. (2009) with further data from Winkel et al. (2008)

130 MMNMOHA /byAU U3NT0XKEHO KOHUEHTpauMjama apceHa
npeko 50 pg/L (C30)

»baTyTOBHU AaHU", 23-24. oKTOoGap 2014.




MHCTHMTYT 3A JABHO 3/[PABJBE CPBHJE ,/IP MUJIAH JOBAHOBH'R BATYT" A

19242014

YHOC APCEHA BO4OM 3A TNMKhE

\Nhﬁiﬂtp‘w
10 pg/L

Hajsehe koHuUeHTpauuje: baHrnagew, MHanja, TajpaH,beHran, KnHa 193-737 g/l

1800 ug/l (BGs/DPHE, 2001; Smedley et al., 2003)
Hwmxe koHueHTpauuje y EBponn n USA < 100 g/l (van Halem et al., 2009)

Yy Cp6|/|j|/| (BojsoaunHa) 1 o 350 pg/l. (pangi¢, 2007, Kristoforovié-liié et al., 2009)

»baTyToBM AaHU", 23-24. okTo6ap 2014.
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YHOC APCEHA XPAHOM "puHa
Punba n nponssoan og pmbe
Eglefzgel(gggﬁmmajy apceH 13 3emsbuLTa MOpCKM NI00BY
Y nnogosnma ceera 1% npeyseTor apceHa Yaj, kaha, 3aunHy
3e/ieHo imcHaTo nosphe - AenosunLmjom 13 AvjeTeTckn cynnemeHTn Ha 6asn anrm
armocgepe

ApceHobeTaHuH

»baTyTOBHU AaHU", 23-24. oKTOoGap 2014.
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l' 28% npatbe y HEKOHTaMUHUPaHO] BOAM

57% kysarbe y gecTnnioBaHoj Boam

1:1 1:6
89% 105%

»baTyTOBHU AaHU", 23-24. oKTOoGap 2014.
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METABOJINUKA TYT APCEHA

BuotpaHcdopmauuja _
Ancopbuunja . . Eckpeuymja
HD—T—OH CH,—hls—OH

Monomethylarsonic acid Dimethylarsinic acid

0

0 CH, O
I | | CH, — As OCH,CHIOH)CH,R
CHy — As — CH, CHy— As*—CH,—C=0 | o
| | o
10-30% HeopraHcku apceH
OH OH
Trir;-:leﬂ[s#:;sci,r;e Arsenobetaine Arsenosugar 10-20% wmeTtunapceHar (V)
oxide
APCEHNT 11 apceHar u3 60-70% aumetunapceHar (V)
Bofe 3a nuhe - 95% I ﬂ Zhao F-J, et al. 2010.
(ASTDR, 2007). Annu, Rev. Plant. Biol. 61:535-59

AncTtpubyunja

byb6pesu, nnyha, 6eluvka, jetpa

HakoH HEKONMKO Heflesba apceH ce "npemeluta’ y HOKTe, KOCY U KOXY,
300r HMXOBOr BUCOKOT caZpxaja cymnopa BesaHorsa npoTenHe

»baTyTOBHU AaHU", 23-24. oKTO6ap 2014.
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EdomkacHocT meTunauuje: non, ousnonoLlka ctama,

METUNAUNIA APCEHA YXParbEHOCT, HUBO W3/IOKEHOCTN apceHy 1 Jpyrum

XemMm l/IjCKl/I M CynctaHUuamMa

XOPMOH 3aBuCcHA MeTUnauuja — Behe eH10reHo cTpBaparbe X0/IMHA (Fischer et al., 2007).

O—As__OH A% —CH,

GSH OH SAM OH
— — —_— |
| s—CHj, reduktaza O —As—-CH; As3MT Aj_' —CH,
CH, o
Dimetilarsinit Dimetilarsinat Metilarsonite (MA(III))
(DMA (111)) (DMA (V)) I
OH GSH qH SAM OH
! —_— —_— |
O —As —OH reduktaza O— As— OH As3MT O :f —CHg
OlH 6H (@]
Arsenat (As V)) Arsenite (As(lIl)) Metilarsonat (MA(V))

G?H/v
SG SAM SG

.lf\s—SG AsS3MT A|F—SG Monometilarsendiglutation
SG CH3 SAM
Arsen GS‘I/ W‘T
(FH S|G
As — OH As—CH, Dimetilarsenglutation

I I
CH, Metilarsonit (MA(III)) CH, I
H GSH OH

CH3 Metilarsonat (MA (V)) CH; Dimetilarsinit (DMA (l11))
QH
O —,IAS—CH:_,
CH, Dimetilarsinat (DMA (V))

»baTyTOBHU AaHU", 23-24. oKTOoGap 2014.
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BVOMAPKEPW npeacrasbajy xemujcke cynctaHue, metabonuTte nav npofayKTe Koju cy HacTam
Kao nocsieauua n3foXeHoCTH opraHn3Ma HeKoj XeMKjCKOj CyncTaHum n Mory 6t MepeHn y pasHum
OG1OMOLKNM MaTepujannuma:

»PUH
onomMapkepu 3a NPOLEHY KpaTkoTpajHe ekcrno3uvumje
SKPB pkep pouery Kp pa Luj
>KOCA 6uomMapkepu 3a NPoLEeHY eKCrno3unLmje HeopraHCcKOM apCceHy y Ayrom
BpemeHckom nepuoay (ATSDR, 2007; Hughes, 2006; NRC, 1999).
PHOKTU

Ca nosehawem apceHa y Bogu 3a nuhe 3a 10 pg/L nnu
nosehawem gHEBHOr yHOoca apceHa 3a 10-20 ug/aaH,
nosehasa ce yKyrnHa Ko/imymMHa apceHa y kocu 3a 1 ug/g
(Kurttio et al., 1998).

MAIYNHO MJIEKO
6rMomMapKepu U3N0XEHOCTN HOBOpOhaHuyaau 1 TpyaHuua y

>KPB 3 MNMYNMNyAHMUKA nepuoay KacHe rectaumje na go 4. meceua noctnaptasiHo
HINALEHTA

»baTyTOBHU AaHU", 23-24. oKTOoGap 2014.
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OTPOB KPAJbLEBA 1 KPA/b MEBY OTPOBUMA

Cesare Borgia Italy
Middle Ages

Bonaparta

TOKCUYHOCT 3aBUCK Of;

* XEMWjCKOT 06/1MKa 1 BaSIEHTHOCTU AS
* KOHLEHTpaLmje apceHa

* OYXUNHE ekcno3uupuje

* y3pacTta ekcrnoHupaHe ocobe

* Mos1a eKCnoHMpaHe ocobe

* HOnBMnAyasiHe OCET/bUBOCTU

»baTyTOBHU AaHU", 23-24. oKTOoGap 2014.



HMHCTHUTYT 3A JABHO 3/IPABJbE CPEHJE ,/IP MUJIAH JOBAHOBHR BATYT"

roJHHA

1924-2014

YTNUAJ APCEHA HA 34PABJbE
TOKCUNYHUN EPEKTU

XPOHUYHW
AKYTHU //// \\\\\\\\\\
KAHLEEPOT'EHM HEKAHLEPOIEHM
CYBAKYTHU

Arsenic poisoning

- N da
AKyTHa netanHa gosa 100 i erve damage

300mr BHyperkeratosis

(scaling skin)
® Pigment changes

3-5 mr Ac/kr/paH
Circulatory

Increased cancer risk: problems in skin

®lLung
®Bladder ———

® Kidney and liver
cancers

»baTyTOBHU AaHU", 23-24. oKTOoGap 2014.
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KAHLIEPOI'EHOCT

HeopraHckn apceH npunaga

| rpynu KaHUeporeHa npemMa knacundgukauuju MehyHapoaHe areHunje 3a
ncTpaxueamwe paka (IARC, 1987) n rpynun A KaHUEepOreHmx cyrncraHuu
npema AMepunYKoj areHLnju 3a 3allTUTy XnBoTHe cpeanHe (U.S. EPA,1998),
a Ha OCHOBY [0BOJbHOI 6poja AoKasa 0 y3po4HOoj Be3n namehy ekcnosuymje
apceHy 1 rnojaBe MaJIMrHNUX Tymopa Kof YoBeka.

ApceH gosBoan A0 AeneunmoHnx mytaumja n nopemehaja xpomosoma Kao LUTO Cy
abepauuje, aHeynnonanje, pasmeHe CECTPUHCKUX XpomaTuaa,asin He 1 TadykacTte
myTauuje (NRC 1999; NRC 2001).

»baTyToBM AaHu", 23-24. okTo6ap 2014.




HMHCTHUTYT 3A JABHO 3/IPABJbE CPEHJE ,/IP MUJIAH JOBAHOBHR BATYT"

roJHHA
19242014

HEKAHLIEPOIEHW EQEKTV

*[TPOMEHE HA KOXW

*[TOPEMERAIN NCXOLOA TPYOHORE

* BOJIECTV NMEPUNPEPHNX KPBHX CYOOBA
“XWMEPTEH3NJA

*BOJIECTU PECINMPATOPHUNX OPTAHA
*[MOPEMERAIN MUMYHOJTOWKOI' CNCTEMA
NNJABETEC MEJINTYC TUI 2

»baTyTOBHU AaHU", 23-24. oKTOoGap 2014.
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roJHHA

19242014

HEKAHLIEPOIEHW EQEKTV

*[TPOMEHE HA KOXW

»baTyToBU AaHM", 23-24. okTo6ap 2014.
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roJHHA

19242014

OpfHoC [03a-04roBop 3a Heke 0f HeKaHLeporeHmx
edoekarta nosHar je 3a U3/10)KeHOCT peniaTBHO BULLIUM
KOHUeHTpaunjama apceHa npeko 100 ug/l, ook je
BennyMHa u 061MK KpuBe 3aBUCHOCTU OArosopa oA
[103€ 3a M3/10KEHOCT HMXNM KOHLIEHTpaLumjama apceHa
(10-100 pg/l) jow yBek HenoOBO/bLHO pasjaliHeHa

EFSA Panel on Contaminants in the Food Chain (CONTAM). 2009.
Scientific Opinion on Arsenic in Food. EFSA Journal. 7(10):1351. [199 pp.].

doi:10.2903/j.efsa.2009.1351. Dostupno na: WWWw.efsa.europa.eu.

»,baTyTOoBHU AaHU", 23-24. okToo6ap 2014.
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EMVIFOMNMENTAL HEALTH

Association between type 2 diabetes and chronic
arsenic exposure in drinking water: A cross

sectional study in Bangladesh
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I'rolonged environmental exposure of arsenic
through drinking water an the risk of hypertension
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NEFEHOA

B As Ha ceum mepHine mecTma < 10 pgfl

E  As Ha ceMM MepHUM MecTMa > 10 ugh

1  As ua nojemusum MepHim mecTima > 10 pg/l
B As Ha nojenuHMM MEDHIM MecTIMA > 50 pg/

i .;"‘.l.-- ¥ Wiy S,
Box: 130-200m| " a\e

d

M3Bop: MokpajuHCckn cekpeTapujat 3a 3allTUTY XMBOTHE CPeAVHE N O4PXUBK pa3Boj V3BpLuHor Beha BojsoguHe, 2005-2006,
.V13BewTaj o kBanuteTy Boge", [OCTYMHO Ha: http://www.eko.vojvodina.gov.rs /index.php?g=2005-2006_voda.

»baTyToBM AaHu", 23-24. okTo6ap 2014.
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roJHHA
19242014

Pa3/103u 3a cnpoBoherwe NcTpakmBaka

s EHOemcko nogpyyje apceHa — reos10LWKO NOPEK/IOo Yy n3sopuLLITUMa 3a
BOAOCHabaeBane

* KoHueHTpauuje oko 10 nyTta Behe of A03BO/bEHUX

% KoHueHTpauuje oko 10 nyta Make Hero 'y apyrim eHaemMckum Kpajesmma
(baHrnagew, uguja)

% [lyra ekcnosuymja CTaHOBHULITBA

“* HekaHueporeHn yTuuaj Mmasinx aosa

% 3Hauaj 3a nojaBy gujabeteca HMje Ao caga ucnmtmeaH y Cpbujn

Pa3e UCTpaxmBama

| ekonowika ctyanja

Il cTyamja npeceka

»baTyTOBHU AaHU", 23-24. oKTOoGap 2014.
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roJHHA

19242014

PESYNITATV MOHUTOPUHIA APCEHA Y BOAW SATIMRE Y OrNwWTHWM 3PEHAHNH

bpoj As (pg/l)
y30paKa
CBa Hace/ba 417 52,3 +81,7
Mlhale\?O@
I UsnoxeHa 171 125,2 +
Zrenjanin ’ l;nza@revo Banatski HaAcCeé/bad 85 ,2
2200 ZRENJANIN My
M L, oikievo o HeusnoxeHa 246 1,6 +1,8
Lu{tino Selo® %9 7% Hace/ba
Stajicevo
X As (111) 80 9,7+ 27,1
CBa Hace/ba
- As (V) 80 61,9+ 76,9
iy CBa Hacesba

»~baTyToBM AaHMN", 23-24. okTo6ap 2014.



CtaHpapAam3oBaHa ctona nHumaeHumje (Ha 100.000 ctTaHOBHMKA) U
OAHOC WaHcu obonesara oa AM Tnn 2 y nonynauuju onwTmHe
3petbaHnH u ueHTpanHe Cpbuje

CraHpapaun3oBaHa cTona

fopuHa UHUMAEHUK]je OaHoc 95%
npujas/bu- Nonynauuja Nonynayuja aHeW UHTepBan
Bakba OnwITUHE LeHTpanHe noesepera
3perwaHuH Cpbuje
2006 218,6 136,4 1,56 1,42-1,70
2007 150,3 114,1 1,31 1,17 -1,46
2008 173,4 107,9 1,64 1,48 -1,81
2009 147,5 119,2 1,23 1,10-1,37
2010 204,9 126,7 1,62 1,48 -1,78

* CTaHpapam3oBaHo npema ceseTtckoj nonynauymjy (ASR-W)




WHCTHATYT 3A LAPHC 3DPASS:E CPOYE | AR MHJAE JOBAPORAT. EATYT”

FOAHHA

19242014

Odd ratio
1,52

A3noXeHoCT apceny y
BOAM 3a nuhe y CraHAapAvo3oBaHa
KOHUeHTpaumjama sehnm cTona MHUMaeHumje
of 10 pg/L nosehasa M Tvn 2
pU3KK 3a nojasy
npjabetec MenuTyca Tun 178,9
2 Kop 0ba nosna. 120.9

»,baTyTOoBHU AaHU", 23-24. okToo6ap 2014.
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roJHHA

19242014

[Monynaunja onwTuHe 3peraHnH Koja je U3/10XKeHa apceHy y BoAN Y KOHUEHTpaunjama
npeko 80 ug/L nmana je y nepuoay og 2006. no 2010. rogmHe 3HavajHO Behy LiaHcy aa
obonu of anjabeteca menutyca Tun 2 y nopehewy ca nonynaymjom UCTe ONWTUHE Koja
KOH3yMupa apceH y BoAN Y KOHUeHTpaumju < 1 ug/L

1,67
1,4
1,2-

117 MyLiKkapuum:
081" OR=1,31
0,61 (1,11-1,56)
0,41
0.2471 HeHe:

ol= | OR=1,23

<1 > 80 (1,05-1,45)

O YkvnHa normviaumia B Mvukapuy O )KeHe

»baTyTOBHU AaHU", 23-24. oKTOoGap 2014.
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|| da3a nctpaxmsama

MyLwiKapLu Hene

B Hanoxy}eHu Hensnoxw}eHu

B MznoxxeHr HE HewmznaoxeHM

287 ucnutaHuka: 151 nsnoxeHmx n 136 Hen3noxeHmx

O AHTponomeTtpuja
0 Mepere KpBHOT nNputmncka
O Y3opkoBawe Koce

O YNUTHWK: ctapocT, non, o6pasosarbe, NopoanuHa nctopuja avjabeteca, MMyHa aHaMHe3a, U3Bop
BOAOCHabaeBaHa, HaBUKe Y KOH3yMupary BoAe, UCXpaHa, nylierwe, hrsnyka akTMBHOCT, CTpecC

a MeagnymnHcka ,CI,OKyMGHTaLI,VIjaZ nctopuja gujabeteca, komnnaukauuje anjadereca,
OGMOXEeMUjCKN napameTpu

»baTyTOBHU AaHU", 23-24. oKTO6ap 2014.




VHCTATYT 3A LAPHC 30PAFSE CPOY]E , IR M2 JOBRATR AT EATY T

I3noxeHoCT noBehaHMM KOHLIEHTpauujama apceHa y soau 3a nuhe
AOMNPUHOCK paHnjoj NojaByn MHCYNUH He3aBUCHOr AnjabeTeca

287 55,36 10,34

* CTyQeHTOoB T-TecCT

»,baTyToBH AaHMn", 23-24. okTo6ap 2014.
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roJHHA
19242014

[poueHa U310XKeHOCTM apceHy Npeko Boae 3a nuhe

Capallta N3/10KEHOCT
CU (ug) = BN x Asgn) + BR X As(gy) + BH X As gy,

KymynatmBHa U3N10XEeHOCT

KU(mg) = BI x Asgyx I X 365 + BK X As gy X X 365 + BK x As gy X X 365

N3110)XEHOCT 3a BpemMe Tpajatba 601ecTu
NTA (mg) =T x 365 x CN (mg)

N3n0)XeHoCT npe nojase 60/1eCTy

MnnA (mg) = KA (mg) - (MTA) (mg)

»baTyTOBHU AaHU", 23-24. oKTOoGap 2014.



13noxeHocT apceHy npeKo Boge 3a nuhe

ug/naH

250
2001
150+
100+

Capaur-a KywmyrnamwiBHa Y TOKy TpajaH-a Mpe HacTaHka
N3/IOXKEHOCT oonecm 000/ EeH-a

o

B VBrnoxkeHn [ HensnoykeHu

p<0,001
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MynTnBapujaHTHa NorMcTUYKa perpecuja kopuwheHa je 3a npoueHy ytuuaja
N3N0XXEHOCTU apCeHy 1 APYrMX YMHUIaLa Ha NOCTUTHYTY MeTab0osIMyKy
KOHTPOAY Tj. rNyKoperynauujy Kog ucnutaHuka, Te Ha rnojasy
MUKpPOBACKy/apHUX 1 MakpoBacKynapHux kKomnavkaumja gnjaberteca tun 2.
Mogenu myntusapujaHTHe JIOTUCTUYKE aHasIM3e y3eun cy y 003up oHe
napamartpe 1 haktope pu3nka, Koju cy ce NPeTXogHUM YHUBapPUjaHTHUM
MoZenuma fIorMcTuYKe perpecuje n3aBojuan Kao CTaTUCTUYKN 3HaYajHN

»,baTyToBH AaHMn", 23-24. okTo6ap 2014.
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O6onenu oa anjabeteca TN 2 KOjuU Cy U3NO0XEHN noBehaHnM KKHUEeHTpaunjama
apceHa 13 Bozie 3a nuhe y ayxem BpeMeHCKOM nepuoay nmMajy nosehaH pmsuk 3a
NnojaBy MakpOBaCKy/NapHUX U MUKPOBACKY/TapPHUX KOMMMKauuja u To: akyTHOr
NHpapkTa Mmokapaa, XpPoHM4YHe cpyaHe NHCyuUrjeHUmje, uepebpoBacKynapHor
NHCYNTa,AnjabeTecHOr ctonasna, peTuHonartunje 1 noanHeyponaruje

/// 27, 2

pd

301

25+

20

12,6 11,0
15-

7,9
10+

- |
/ 3,/

2,2

AKyTHU MHO apKT LLepeb6poBackysapHu MonuHeypormaTHja
MUOKa paa MHCY T

B N310xKeHn N Heusnox<keHum

»,baTyToBH AaHMn", 23-24. okTo6ap 2014.
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Y unsby 3aluTuTe 34paBs/ba CTaHOBHULLITBA HEOMNXOAHO je Ha Beh nocTtojehe
cucTeMe BogocHabaeBawa yrpaanTn agekBaTHe TEXHUYKO-TEXHOOLLKE
TpeTMaHe Koju OU CBesin KOHLLeHTpaLuuje apceHa y rpaHuLe A03BOS/bEHNX
BPeAHOCTN NN MPUK/bYUYUTN CTAHOBHULLTBO Ha M3BOPULLITA NOBPLLUMHCKE
BOZe M3rpagHoM permoHasiHMx cMctema BogocHabaeBsama, WTO je
npeasuheHo oKyMeHTOM,, BogonpuBpegHa ocHoBa Peny6nivke Cponje

(MuHMCTapCcTBO NOJLONPMBPEAE,LUYyMapCcTBa U Bogonpuspeae Penybnvke
Cpb6uje, 2001).

»baTyTOBHU AaHU", 23-24. oKTOoGap 2014.



MHCTHMTYT 3A JABHO 3/[PABJBE CPBHJE ,/IP MUJIAH JOBAHOBH'R BATYT" A

19242014

CnpoBohene nctpaxmeara o 3Hauvajy, ytmuuajy 1 ynosu
apceHa 13 Bofe 3a nuhe u xpaHe y eTmonoruju n Apyrnx

XPOHNYHUX MaCOBHUX HE3APa3HUNX 060/beHA

»baTyTOBHU AaHU", 23-24. oKTOoGap 2014.
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