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BAWJAHUETO HA KOHLEEHTPALIMJATA HA TELWIKHK
METANU BO CEPYMOT BP3 3[IPABJETO KAJ
PYOAPCKATA NMOMYNALKUJA BO NPOBULLTUN

1 r , . % , ‘
H. Kamues', 3. Manos’, B. lopfecka’, B. 3ajkosa-Nanesa’, [l. [opfuesa’,

K. Cmunkor',M. Kamuera®, I Kamyena*

' Bucoka aapaBscTeeHa wkona, ,Yuusepauter loue Jenues” - Wun
2 . M
bakynTer 3a pynapcTeo, reonoruja u nonuTexHuka, ,Yuueepautet Noue [lenues” - LLirun

* J3Y Onwrta 6onuuua - Wrun

“Noctaunnomer;, MeauuuHcku thakynteT, Yausepautet ,Ca. Kupun u Metoguj” -Ckonje

M3BALOK

LIEN [la ce yTBpaM KoHueHTpauujaTa Ha
TetikuTe MeTanu (onoeo, LUHK ¥ KaaMUyM) BO
CepymoT Ha pyaapv o pyaHWUKOT 3a ONoBO U
uuHk Bo [lpobuwTun, kako noTeHuWjanew
3APaBCTBEH PU3KK.

MATEPUJANT U METOAWU Ce cnepelwe
KOHUEHTpauujata Ha Teluku meTtanu (onoso,
LMHK 1 kaaMuyM) BO cepyMoT Ha 70 pynapu
Kou paboTaT BO pPyAHUKOT 3a ONOBO U LIHK BO
MpobuwTun. Kako npea koHTponHa rpyna ce
cnepea 70 npuMepoun KpB Of HaceneHneTo
oA lpobuwrtun koe Hema AupekTHa
eKCMo3uliMja CO OfIOBHO-LMHKOBa pyna.
BTopa koHTponHa rpyna oa 70 npumepoum ce
cneneHu of HaceneHue of onwTWHa LLUiTun,
BO Yuja HernocpeaHa OKONMHa Hema pyAHUK
32 ONOBO WU WWHK. a no4saTta, BogaTa U
XpaHaTta cnopen 3aBoAoT 3a 3ApaBCcTBeHa
3awTuUTa nocepyBaaT [OO3BONEHU
KOHUEHTpauuM Ha nNPUCYCTBO Ha TeLUKu
MeTanu (onoBo, uuHK U kagmuym). Mpu
Buoxemucknute ucnuTyBaka ce KopucTelle
CepyMm, a aHanuaute ce u3BedyBaHU CO
anaparypa ISP-AES, (Varian, Liberty 110).
PE3YNTATU [obueHute pesynrtatu
YKaxyBaaT Ha 3rofleMeHU KOHLEeHTpauUumu Ha
Zn v Pb BO cepyM Kaj pyaapuTe of pyaHUKOT
3a onoBo 1 uuHKk Bo [Mpobuwrun wro
COOABETCTBYBA Ha HUBHAaTa AOMrOroAuLLHa
npogecuoHanHa ekcnoauuyuja, Ho wu
3rofieMeHn KoHueHTpauun Ha Zn u Pb Bo
CepyM kaj npsara KOHTponHa rpyna,
Hacenenue Ha [lpobuwiTvn koe xusee BO
HenocpeaHa 6nuauHa Ha PyAHUKOT 3a OfoBO
U UUHK. HajaoeHuTe BpeaHOCTU 3a
KOHUeHTpauuuTte Ha Zn u Pb kaj HaceneHueTo
on UWwn ce nomanu BO cnopeaba co
UCNUTaHULUUTEe Of NPEeTXoAHuTe ABe TPynu.
Pesynratute 3a Cd pobueHu op cute Tpu
rpynu He nokaxysaaTt CTaTUCTUYKKU 3HaYajHu
pa3nuKku.

AUCKYCUJA U 3AKNYYOK 3ronemenute
KOHUEHTPaLMK Ha ONOBO U LIUHK BO LienHaTa
rpyna v npsarta KOHTPOSIHa rpyna ykaxysaar
notpe6a opn: npuMeHa Ha Mepku 3a
HamarlyBarwe Ha HUBOTO Ha npaBTa Koe ce
KpeBa BO Apober-eTo Ha pyaaTa. Tpeba aa ce
NPUMeEHaT UHOUBUAYANHU U KONEKTUBHU
MEpPKM Ha 3awTutTa Ha BpaboTeHUTe BO
pyAHUKOT “3neToBo”, ocobeHo BO NOroHUTe
3a apobetse, Menewe u 3a noTupame Ha
pyaata. [la ce papge npuopuTteT Ha
usrpanbarta Ha npevyucTUTENHa craHvua 3a
oTnagHWTe BOAM Ha NOFOHOT 3a
NPou3BOACTBO Ha KOHUEHTpaT, Aa ce
nocTaBaT UCTpaXxHU OyHapu no aormkuHata
Ha OaseHOT 3a ceaguMeHTauuja Ha
XWAPOjanoBUILITETO, Aa Ce Ccnposede MU
UcTpaxkHa nporpama 3a npusaTHUTE GyHapu
kOU ce HaoraaT no AoMKuHaTa Ha pekarta
3neToBcKa, o[, MecTaTta KaZe WTO ce BreBaar
pekute Koputhuua u Kucenuua. LlenocHa
3apaBcTBEHa rpuxa 3a BpabGoTeHuTe BO
PYOHUKOT 3a OroBo U LHK Bo [pobuwiTun, co
pPEeNoOBHU cUCTeMaTCKi 34paBCTBEHU
KOHTpONM U UCNWUTYyBake Ha
KOHLeHTpaLjaTa Ha TelwkKuTe MeTanu BO
KpBTa Ha pyaapuTe.

KnyuHu 36opoBu: Teluku metanu, onoso,
LUUHK, KaaMUymMm.,

BOBE[]

Tewkn meTanu e 3aegHUYKO UMe 33
MeTanute U MeTanouaguTe KoOu wumaar
aTomcka Maca noronema og, 6 g/cma3. lonem
Oen op oBue MeTanu BO OpraHU3MoT ce
MPUCYTHU Kako ONUroeneMeHTu u eneMeHTH
BO Tparu U HUBHa 3rorieMeHa KOHUeHTpauuja
pesynTtupa co TOKCUYHOCT. Tue ce nocrojaHu
BO NpupoaaTta U umaaT noteHuujan fa ce
6uoakymynupaat BO CWUHUMPOT Ha
ucxpaHara.
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\ Pynapute kou pa6ortat 8o pygHuKkoT
- 3a 0noBO u uuHk Bo [pobuwrun ce
HENOCPeAHO W3NOXEHU Ha BAUWYBaHe Ha
. NpaB, 0COGEHO BO TEKOT Ha paboTHuTe
. Onepaunn Ha aynyerwe, MUHUpate,
. TOBaparwe Na U TpaHcnopT Ha pyaa (nojasa
. Ha cnobopHa npaluuHa), noroHWTe 3a

.« pobetbe U menewe (nojasa Ha crnoGofHa

. MpaliuHa), NOroHUTe 3a KOHUeHTpauuja —
- dnovtauyuja Ha oTkonaHaTa pyAa
- (McnapyBatbe Ha racosu U napeu), nopaau
- LUTO Ce OYeKyBa 3ronemeHa KOHLEHTpaLuja
. Ha ONOBO, LINHK U KaAMWYM BO KpBTa, a CO Toa
W HemnoBOMNHW 3OQpaBCTBEHU nocneauuy no
MHOry opraHu # cuctemu, Bo criopeaba co
onwrata nonynauuja Bo [MpobuwTun unu
nonynauuja of cpeauHa Kaje BakoB
nokanuteT Hema kako wro e LiTun.
YTBpAYyBaKETO Ha MHTOKCUKaUWjaTa
oA Tewku metanu OGapa peTanHwu
Habrbynysawa, uMcnuTyBawa wu
AvjarHocTuuupara Ha MNpUCYTHUTE
CUMMNTOMU, MNPEKYy KOHTUHYUPAHO crefere
Ha noTeHuMjanHaTa ekcno3uuuja, Kako u
npeky MHory6pojHute naGopaTopucku
TecToBU. [laGopatopucku TecToBW, Beke
PYTUHCKU ce npumeHyeaaT camo Bp3
CepUO3HO eKCMOHUpaHU nyre BKIyuyBajku
UCnuTyBatba Ha KpB, LUPH Apob, ypuHa,
deuec, koca, HOKTH, NpuMeHa Ha X — 3pauum,
UTH. MHOry 0 oBWe TECTOBU PYTUHCKU ce
usBegyBaaTt BO ronem 6poj Ha pedeperHu
nabopatopuu Bo ceeToT. 3a xan, ceyluTe Kaj
HacC He nocTou AedpuHUpaHa 3aKoHCKa
npouenypa 3a HUBHO UCMIUTYBAILE.

OnoBoTo(Pb) € TOKCUYHO 3a XXMBOTUHCKUOT
CBET BKNy4yBajku rv u nyreto. TOKCUYHO € BO
MHOTY HUCKU KOHUEHTpaLun, noceGHO Kaj
nomnapata nonynauuja. ma acpuHUTET KOH
LHC (eHuedanonatum u meHTanHwu
HapyLlyBatba), a ce akyMymnupa BO KOCKEHOTO
TKMBO (MONYXWBOT WU A0 32 roauHu).
3aragyBareTo Ha OKONMHaTa ce cnpoeeayea
MNpeky konawe Ha pyaa BO PYAHUK, TONEH-ETO
W paduHUpaw€eTO Ha ONoBOTO U CO
CoropyBareTo Ha HadTeHuTe ropusa LWWTO
conpxXaT OJToBHU aAuTUMBU, nNa 3aTtoa
KOHTAaKTOT CO OJfIOBOTO W HEerosuTe
CoefuHeHWja e NOYECT Kaj pyaapuTe, kaj Kou
MoYeCTO Ce perucTpupaat akyTHU, cybakyTHU
1 XPOHUYHY NPOPECUOHAHU TPyetsa.
HenpodecuoHanHute Tpyewa ce
jaByBaar BO YCFIOBU Ha CEKOjAHEBHUOT XUBOT,
npeky emucuja o TOMUMHWLM 33 ONOBO U
UMHK, 04 MOTOpeH coobpakaj co MOTopU Kou
KOpUCTaT eTunupaHo ropuso, Kako U npeky
UcxpaHaTa WNW BOAWUTE 33 NUEHE, CO

BHECYBaH€ BO OPraHU3MOT CO UHXanauuja u
WHrecTuja. HajuyBcTBUTENEH OA CUTE OpraHu
U CUCTEMMU € LIeHTPaNHUOT HePBEH CUCTEM HO
W UMYHOMOLIKUOT cuctem, 6yBpesute u
KockeHaTta cpx, fnopaju LWTo ce nojaByBaat
YecTu aHemuu. UanoxyBaH-€T0 Ha 0foBoO 3a
Bpeme Ha BpemeHOCT MoXe na gosene [0
CNMOHTaHu abopTycu, cmaneH nnoa wu
HermoBpaTHW owTeTyBatba Ha MO3OKOT.
Heuatra ce ocobeHO 4yBCTBUTENHWU Ha
Tpyewe CO OnoBO Nopaau Toa WTO Tue
ancopbupaat v 3aapxyBaaT noseke OMOBO,
BO OOHOC Ha HUWUBHATa TexXuHa, of
Bo3pacHute. [lpu BHecyBate Ha OMnoBo
NPeKy XxpaHata W Boga Kaj feuata ce
pecopbupa oxony 50%, popeka kaj
Bo3pacHuTe okony 10%.

LunkoT (Zn) e Texxok MeTan koj cno6oaHo ce
Haofa BO npupoaata. AHTPONOrEHU U3BOPU
KOW ro ucnywTaaT LUMHKOT (Napeu Ha LWHK
okKcuao U UUHK-XxRAopupa) ce
enexkTpoueHTpanuTe, TONUNHULUUTE,
npouecuparkeTo Ha pyaaTa Kako U pyaHuTte
ApeHaxu U edrnyeHTuTe o1 XeMuckute
npouecu (TEKCTUN, NUIMEHT U BoU, BELLTaYKu
fy6pusa u npoussoacTso Ha PVC).
BHecyBareTo Ha MOBUCOKU KOHLEHTpaLuu
04 A03BONEHUTE BO KPaTKO BpeMe Moxe aa
“Ma MHOTY LUTETHWU nocneauLy No 3apasjeTo
Kako WTO ce 3roneMmeHa TenecHa
Temneparypa, rfojaBa Ha CTOMa4Hu rpyeBswy,
MauHuHa U noBpakawe. BHecyBar-eTO Ha
BUCOKU KOHLIEHTpALU BO Nepuon, of HEKONKY
MecelU MoXe Aa npeausBuka aHemuja u
olwTeTyBake Ha NaHKpeacoT.

Kagmuymort (Cd) e mHory oTpoBeH, kako 3a
JKUBOTHUTE, TaKa W 3a pacTeHujaTa. XpaHaTa
W BoAaTa 3a nuere Koja coapXm BUCOKU
KOHLIEHTpaLMM Ha KagMUym MoXaT MHOFY
onacHO Jga ro HafgpasHar
racTPOUHTECTUHANHUOT CUCTEM, NOPAAM LWITO
ce nojasysa noBpakawe U Jujapea.
N3noxeHocTa Ha xaaMuym BO noaonr
BpeMeHCcKU nepuop (KapakTepucTU4HO 3a
pyaapuTte o pyaHWUUTE 3a ONOBO U LMHK),
NnpeAu3BUKYBa HEMPOTOKCUYHOCT,
XEenaToTOKCUYHOCT, ryberwe Ha KockeHaTta
Maca, OLLUTeTYBaH€ Ha CEeTUIOTO 38 MUPUC U
nojaBa Ha aHemuu. KagMUyMOT U HeroBute
coefluHeHUja ce KaHLleporeHv (aexnapmpaHo
oA IARC) n moxaT ga npegusBukaat nojasa
Ha pasHU TUMOBU Ha KapuMHOMM, NoceGHO
KapLuHOM Ha npocTarTa.

UHxanupawe Ha kagmMuymoBa
npawwuHa (MAK 0,05mg/m3) 6p3o nosenysa
00 uHEeKuMja Ha [OUWHATE natuwTa U
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Hamanyeawke Ha Oy6pexHaTta dyHKUuja.
UHrectuja 1 Ha MUHUManNHa KOAWYMHA Ha
KaaMWYM NpUYMHYBA MOMEHTANTHO Tpyerse,
BOCnanenue Ha 6enoapobHUOT enuten u
owiTeTyBatbe Ha 6ybpesute 1 UPHUOT APO6.
OwrtetyBaweTo Ha 6y6pesute e
upeBep3anubUNHO M He € NOANOXHO Ha
Tepanuja.

Apyru nocnepuun oa  XpoHW4HOTO
Tpyete CO KaaAMUyM Ce: OCTeOornopoasa,
octeomanauuja 6onku Bo 3rno6oBuUTe U ro
3ronemeH pusuk on dpakTypu (kaj
XPOHUYHUTE Tpyera AypU U camaTta TexuHa
npeaussukyBa ¢paktypu). [pepussukyea
HEeNNOA4HOCT, HapyuieHa ¢yHKuKnja Ha
TECTUCUTE NpocnefeHa co acnepmija, ro
OLITeTyBa HEPBHUOT CUCTEM, UMYHOMOLIKUNOT
CUCTEM U CO3/AaBa NCUXUYKU NOPEMETYBaAH-A.

IARC - International Agency for Research on Cancer
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la ce yTBpAuM KOHUEHTpauujata Ha
TEeLKUTE METanu (051oBO, LIUHK U KaIMUYM) BO
KPBTa Ha pyaapv of pyOoHWUKOT 3a ONoBO U
uuMHK BO TlpobuwTun, Kako noTeHuujarneH
3apaBcTBeH pu3uk. KpajHa uen e apneksaTHa
uaeHTUdUKaumja Ha 30paBCTBEHUOT PU3UK
Of [ONroTpajHa ekcnosuuuja Ha OnosoTo,
UMHKOT WU KagMuUyMoT kaj paboTrHuum
HernocpeaHo U3NOXEHU Ha KOHTaKT Co OBUe
MeTanu u npepnaratbe KOHKPETHU,
COOABETHU U euUKacHW Mepku 3a caHauuja
Ha cocTojbara.

MATEPUJAN UMETOOU

Ce npenBuayBa pa ce cnepgu
KOHUEHTpauujata Ha Tewku MeTanu (onoBso,
LIMHK U KaiAMUYM) BO KpBTa Ha 70 pyaapu kou
paboTaT BO PYAHUKOT 3a OMOBO M LIMHK BO
Mpobuwrun.

Kako KoHTpornHa rpyna ce semaat 70
npumepouu o Hacenenveto of MNpobullTun
koe HeMa AUpeKTHa eKkcno3suuuja Ha ONoBHO-
UMHKOBa pyaa, HO XuBee BO HenocpeaHa
OKONUHAa Ha PYAHUKOT 33 ONOBO U LMHK,
GaseHoT 3a ceaumeHTauuja Ha
XWOPOjanoBULITETO, NWjaT BOAA O NPUBATHU
6yHapu nokpaj pekute KoputHuua u
Kucenuua kane okony eneH MUIMOH KyGHU
MeTpU oTnagHa BOAU KOHTAMUHUPaHU CO
TELKW MeTanu ce UCnywTaaT of NoroHoT 3a
NMPpOU3BOACTBO Ha KOHUeHTpaT, 6Ges
NpeTxoaHo YUCTEHE UMK HeyTpanuaupawe u
KOpUCTaT 3eneHYyK U oBowije of rpaguHuTe
6nucky A0 PYAHUKOT, janoBULWITETO U pekuTe

Koputhuua v Kucenuua. Cnopen oapeneHu
coonwTeHuja BO OBWE PEKU peducu Hema
XUBOT, a BO pubute u apyrute BUOMOLLKU
NpMMepoUn HUBOTO Ha TelKUTe MeTanu e
BUCOKO.

BTopa koHTponHa rpyna op 70

npuMepoln ce of HaceneHwe o onwiTuHa >

lWTun, BO uuja HenocpeaHa OKofIMHa Hema
PyAHWK 3a ONoBO W UWMHK, Hema GaseH 3a
ceQuMeHTauuja Ha xuapojanoBuwiTe, a
noyeaTta, BoAata W xpaHata nocegysaat
A03BOMEHU KOHUEHTpaLuMKu Ha NpUcycTeo Ha
TeLWKW MeTanu (oNoBo, LUMHK U KagMUyMm).

UcnutyBarata ce U3BPLIEHU BO XE@MUCKO-
Buoxemuckata nabopartopuja Ha dakynTeTor
3a pyaapcTBo, reonoruja U NOAUTEXHUKA NpU
YuusepautetoT "Toue [lenyes" 8o LUtun.

Onuc Ha meTopjaTa
lNodzomoeka Ha npoba

Ha 5 ml cepym my ce gopasa 5 ml
KOHLieHTpuUpaHa a3oTHa kucenuHa n 5 mi 30%
BoAopoAeH nepokcua, ce 3arpeBa Ha
T=300°C po cyB ocTaTok, Mnpu (WTO ce
pasopyBaaT NMpPOTEUHCKUTE KOMMOHeHTW. Ha
oCcTaToOKOT My ce paopnasa 2,5 mli
KOHLIEHTpUpaHa a3oTHa kucenuHa u 2,5 mi
30% BoaopogdeH nepokcug u ce 3arpesa Ha
T=300°C pmo cyB octaTok. MocTtankata ce
noptopysa U TpeT nat. OcTaTokoT ce
pacteapa Bo 1,25 ml KOHUeHTpUpaHa a3oTHa
KucernvHa v ce paspegyBa BO oOpMepHa
TUKBUUa o 25 ml.

lNod20moeka Ha cmaHOapdu

Ce noaroteyBa cepuja cTaHOapAHW
pacTtBOopu CcO paapeayBawe of
MyriTUenemMeHTeH ctaHaapaeH pacrteop(ICP
Multi Element Standard Solution IV
CertiPUR, Merck) koj coapxu 19 enemeHTu
(BKNy4YyBajkM ru 1 UCNUTYBaHUTE), CO
OCHOBHa KOHUeHTpauuja 1000 mg/L.
MpuroTeeHaTa cepuja BoAeHU CcTaHAapOHW
pacTBOpU He Ce MOANOXeHU Ha OCHOBHUOT
TpeTMaH kako u npobara.

KoHueHTpauun Ha cepunte paGoOTHU
cTaHgapaHu pacTBoOpuU:

Zn: 0,01 mg/L; 0,03 mg/L; 0,05 mg/L; 0,1
mg/L; 0,1 mg/L; 0,5 mg/L; 1 mg/L;

Pb: 0,01 mg/L; 0,08 mg/L; 0,05 mg/L; 0,1
mg/L;

Cd: 0,01 mg/L; 0,03 mg/L; 0,05 mg/L; 0,1
mg/L;




Cmmcarme tag AapysRaHve Ha Herpponon Ha P.Maxagermja

2 INodzomoexa na cnena npoba

. 9 Ml KOHUEHTPUpaHa a30THa KucenuHa u 5 mi
30% BogopopneH nepokcug ce TpeTupaar
UCTO kaKko U Nnpobara.

Anapamypa
ISP-AES, Liberty 110, Varian

YCrnoBu Ha Mepetse
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PE3YNTATH

MonaTouwmTe Nnpukaxanu Bo Tabenute
ce uspaboTteHu apa 6asa Ha pesynraTtu og 70
NpUMepoLn Bo cekoja rpyna.

Tabena.1: KOHUEeHTpauuu Ha Tewku MeTanu

BO CepyM Kaj pyaapu og PYAHUKOT 3a 0noBo 1
UmnHk Bo Mpobuwitun

*MIOK Ha KaamuyM e komnnekcHa BpegHoCT U 3aBucy o
noseke hakTopu mMery kov u XUBOTHUTE HABUKU

Tabena.2: KoHueHTpayuuu Ha Tewwku MeTanu
BO CepyM Kaj HacenenueTo on Mpo6uwTun

*MOK Ha KaaMityM e KOMNNeKcHa BpeaHOCT U 3aBUCK oa
noseke akTOPU MEMy KOW U KBOTHUTE HABUKY

TabGena.3: KoHueHTpauuu Ha Tewkm metanu
BO Cepym kaj HaceneHueTo og LLiTun

*MAK Ha kagMuym e komnnekcHa BPEOHOCT 1 3aBucu of
noBeke haKTOPU Mery KOU 1 XKUBOTHWUTe HaBUKK

Fpacduk 1 Cnopen6a Ha rpynute
WCnUTaHUUM co makcumanHo Ao3BoneHaTa
KOHUEHTpaLmja Ha LIMHK BO cepym

Kokuenrpayni na 2n so cepym
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AUCKYCUJA U 3AKITYYOK

HobGuenuTe pesyntartu YKaXyBaaTHa :

1. ronemenu KOHLIeHTpauuu Ha Zn v Pb Bo
cepym (Bo cnopenba co MakcumanHo
AO3BONEHUTE KOHUEHTpaLuK 3a OBOj MeTan)
Kaj pynapute o pynHUkoT 3a 0noeo u LUMHK BO
Mpobuwrun wro COOABETCTBYBA Ha HUBHATA
AonroroauiwHa npodecuoHanHua
eKcrnosuuuja;

2. 3ronemenu KOHUeHTpauuu Ha Zn u Pb so
CepyM Kkaj HaceneHueTo Ha Mpobuwtun koe
Xusee BO HenocpeniHa 6NU3KHAa Ha PYAHUKOT
33 0NOBO U LIUHK;

3. HajnenuTe BpegHocTy 3a KOHLeHTpauuuTe
Ha Zn u Pb kaj Hacenenveto oA Wtun ce
nomanu Bo cropeaba co ucnuTanuuuTe oa
NpeTxogHuTe ABe rpynu, Wwro COO[BETCTBYBa
Ha HMBHaTa nomana ekcnosuuuja Ha osue
TELWKU MeTanu;

4. PeayntatuTe 3a Cd AobueHu of cute Tpu
FPyNu He nokaxyeaaTt cTaTUCTUYKK 3HavajHu
pasnuku;

5. Nobuenute pesynratn ce COOABETHU U
O4eKyBaHu WuMajku ja Bo npeasup
npodecuoHanHaTa W3NOXKEHOCT Ha
PyAapute Kkako M Ha HaceneHuero on
MpobuwTunckuoT peruoy:;

6. 3ronemeHara KOHUeHTpauuja Ha ornosoTo
W UMHKOT BO KpBTa Ha pynapute BoO
Mpo6uwTun, cepuosro ro 3arpoayea
3ApasjeTo nopaau WTo UMa peructpupaHu
noroniem 6poj cnyyau co NYAMOHaNHU
3abonysamwa, owTeTyBae Ha 6ybpesute,
nojaBa Ha neykemuja, aHeMujaucn.

3roneMeHnTe KOHUEHTpaUUM Ha OnoBoO U
UWHK BO LienHaTa rpyna v npeata KOHTPOMHa
rpynaykaxyBsaar notpeba on:

. MpumeHa Ha Mepku 3a Hamanyeamle
Ha HWBOTO Ha npaBTa Koja ce kpeea BO
Apoberweto Ha pypara. Tpeba pa ce
nNpUMeHaT WHAUBUAYANHU U KONEKTUBHM
MEpKU Ha 3aWwTuta Ha BpaBoTeHUTe BO
PYAHUKOT “3neTtoBo“, oA acnekT Ha
Cnpevysate Ha eMuUcUja Ha LUTETHU areHcu
OAnpoLecuTe ekcnnoataumja Ha pynarta.
Hajronema wusnoxenocT Ha MeTanHa
npatuuHa spaboTeHnTe BO pyaHULUTE uMaaT
3@ BpeMe Ha npouecuTe Ha aynuetse,
MUHUpatbe, ToBapatbe Na u TpaHCNopT Ha
pynara.

Mpumena Ha MepkKkun 3a
MUHUMU3MPabe Ha TOKCUYHUTE edbekTi of
NpoLiecUTe Ha ToMewe, KOHUEHTpUpatLe u
¢pnoTtauuja Ha MeTanuTe kou ce
KapakTepuaupaat co ucnapysare Ha racosu
¥ nojasa Ha napeu.

Ha HuBo Ha hnotauunja Ha MWHepanHuTe
CYpPOBUHKW, noTpeBHO e u3BeayBate Ha |
MEpPKU 1 nocTanku oa acnekT Ha:
- OCTpaHyBake Ha LWTETHWUTE racoBu U |
napu (avrecrtopwu, npeyncTyBamwe,
BeHTUNauujaucn.),

- 3ameHyBake Ha TOKCUYHUTe
cpeactea notpebHM 3a npouecor Ha :
¢hnotauuja co HOBU U ekonoLWKY. ‘

. Motpe6Ho e pa ce uctakHe u |
KOHTUHYUPAHOTO KOPUCTEHE Ha NUYHU
3alUTUTHN CPEACTBA, OO aCNeKT Ha HOCEHe
Ha:

- 3alUTUTHU Macku W npednucTUTenu
(knacuynu, aparepos UHCTPYMEHT u cn.),
3allTuTHa obneka, pakaBuum 1 Yuamu,

- novyuTyBare Ha cuTe nponucu Ha
OfHecyBatbe U 3aApxyBatbe,

- AEKOHTaMUHWUpakse nocne paborta,

. Ha ce nape npvioputer Ha uarpapbarta
Ha Npey1cTUTenHa cTaHuua 3a oTnagHuTe
BOAW Ha NOroHOT 3a NPou3BOACTBO Ha
KOHLUEHTpaTu;

. WtHo TpeBa pa ce nocrasart
ucTpaxuu byHapu no gomkuHaTa Ha 6aseHoT
38 ceaumMeHTaum]ja Ha XuapojanoBuLITETO;

. Tpeba na ce cnposene u UcTpaxHa
nporpama 3a npusBaTHUTE GyHapu Kou ce
HaofaaT no ponxuHata Ha pekaTta
3netoBcka, og MecTaTta Kage WTo ce Bnesaart
peknte KoputHuua u Kucenuua. Teuenueto
Ha pekara Kucenuua tpe6a ga ce npeHacoum
3a fla He MWHYyBa HU3 cTapoTo
Xuppojanoeuite 3a fga ce uaberse
BNWjaHWeTo of ucueneHuTe NMoNyTaHTu;

. Kon nperxonHo cnomenatute, ce
AoAaBsaat u npenopaknte o MeryHapogHuoT
Mpodecronanen CurypHoceH 30paBcTBeH
MudbopmauvoHen ueHrtap, 1999
(International Occupational Safety and
Health Information Centre);

. LlenocHa s3ppaBcTeeHa rpuxa 3a
BpaboTeHUTe BO PyAHUKOT 3a OMOBO U LMHK
Bo [Mpobuwtun, co pedoBHU cUCTeMAaTCKU
3APaBCTBEHU KOHTPOMM W UCMUTYBaH-E Ha
KOHLeHTpauurjata Ha TewkuTe MeTanu BO
KpBTa Ha pynapuTe;

. Notpe6a og npomeHu wu
ycornacyeaka Ha HallaTa 3aKoHcKa
nerucnatuea co EY, co BoBeyyBare Ha HOBU
CTanfapau, 3aKOHCKU akTu U Npouenypu.
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ABSTRACT

AlIM To establish the concentration of heavy
metals (lead, zinc and cadmium) in the serum
of miners working in Probistip, in the lead and
zinc mine, as a potential health risk
MATERIAL AND METHODS The
concentration of heavy metals in serum (lead,
zinc and cadmium) has been monitored at 70
miners, who work in the lead and zinc mine in
Probistip. As a first control group has been
chosen a group of 70 healthy people, who
live in Probistip, and don't have direct
exposition to the lead and zinc mine. As a
second control group has been chosen a
group of 70 healthy people from the
municipality of Stip, where there are no mines
of lead and zinc, and the soil, the water and
the food, are with the permitted
concentrations of heavy metals (lead, zinc
and cadmium) according to the Institute for
health protection of the Republic of
Macedonia.

During the biochemical research, a
human serum was used, and the analysis was
performed with ICP-AES, (Varian, Liberty
110).

RESULTS The results that were obtained,
implicate to increased concentrations of zinc
and lead in the serum of miners working in the
lead and zinc mine in Probistip, which
corresponds to their long-term professional
exposition, but also increased concentrations
of zinc and lead in the serum of the first control
group, (the people living in the surroundings
of the mine in Probistip). The levels for zinc
and lead, obtained from the population from
Stip, are lower compared to the above
mentioned two groups. The results obtained
from cadmium, showed no statistical
significancy.

DISCUSSION AND CONCLUSION The

higher levels of lead and zinc at the target
group and the first control group, point to the
need of measurements of lowering the level of
free dust that rises from the crushing of the
minerals. Also, individual and collective
protection measurments have to be applied to
the employees in the mine Zletovo, especially
in the working sites, sections for crushing,
grinding and flotating the mineral. A priority
has to be made to the purifying station for
waste waters in the section producing the
concentrate, building research pools along
sedimentation pool, conducting research
programme for the private water pumps,
located along the river Zletovska, from the
places where the rivers Koritnica and Kiselica
are poured. Full healthcare for the employees
of the lead and zinc mine in Probistip is
needed, including regular systematic health
controls and examination of blood levels of
heavy metals.

Key words Heavy metals, lead, zinc and
cadmium.

INTRODUCTION

The term "heavy metals” refers to the
metalls and metalloids that have atomic mass
higher than 6 g/cm3. Large part of these
metals are present as oligoelements and
trace elements in human, and the increasing
of their concentration leeds to intoxication.
They are stabile in nature, and have the
potential to bioaccumulate in the food chain.

Miners working in the lead and zinc
mine in Probistip are directly exposed to
inhaling dust, especially in the work process,
such as: drilling, mining, loading, even
transport of the mineral (appearance of free
dust), the sections for crushing and grinding
(appearance of free dust), the sections for
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concentration-flotation of the exploated
metals (evaporating gasses and steams), so
higher concentrations of lead, zinc and
cadmium in blood is to be expected, and also
many imparement to health, compared to the
general population in Probistip, or the
-+ population of Stip, where no such site can be
found.

The confirmation of heavy metal
intoxication demands detailed observation,
examination and diagnosys of the occured
symptoms, and continual folowing of potential
. exposition and many laboratory tests. Some
laboratory tests are in routine usage but only
on seriously exposed people, including blood,
liver, urine, fecal, hair, nail tests, use of X-
rays, etc. Many of these tests are routinly
performed in large number of referent
laboratories arround the world. Unfortunately,
Macedonia has no defined legal procedure for
their examination.

Lead (Pb) is toxic for the living world,
including people. It is toxic in very low
concentrations, especially for the young
population. The lead has affinity to the central
nervous system (encephalopatia and mental
disorders), and it accumulates in the bone
tissue (halflife to 32 years). The pollution of
the environment occurs when digging mines,
melting and refining lead, and also, burning oil
fuels containing lead additives. Therefore, the
contact with the lead and its joins is more
frequent at miners, in whom are registered
more frequently accute, subaccute and
chronic professional intoxications.

Non- professional intoxications are
found in everyday life, trough the emission
from the melt-plants for lead and zinc, motor
transport (engines using ethylated fule), and
also trough food and water, or inhalation and
ingestion. The most sensitive from all the
organs and systems is the central nervous
system, but also the immune system, the
kidneys and the bone marrow (correlated with
frequent anaemia). Exposure to lead in
pregnancy may lead to spontaneous
abbortion, small fetuses and irreversible brain
dammage. Children are especially
succeptible to lead poisoning, because of the
increased absorption and retention of lead
regarding to their weight. Ingestion of lead
through the food and water, results through
absorption of arround 50% in children, and
10% in elderly people.

Zinc (Zn) is a heavy metal that is found in
free-form in the nature. Antropogenic sources

that emiss zinc (steams of zinc-oxyde and
zinc-chloride) are poweplants, melting plants,
processing the mineral, as well as mine
draining and efluent of chemical processes
(textile, pigments, colours, artificial fattening
and the production of PVC). ingesting higher
concentration than the limited, soon results in
very severe consequences to the health, such
as high body temperature, stomach cramps,
nausea and vomiting. Ingestion of high
concentration in period of couple of months
may cause anaemia and pancreatic damage

Cadmium (Cd) is very poisonous, to the
animals as well as plants. The food and
drinking water that contain high concentration
of cadmium, may cause very severe irritation
of the gastrointestinal system, resulting in
diarrhoea and vomiting. Exposure to
cadmium in a longer period of time
(characteristical for miners) results in
nephrotoxicity, hepatotoxicity, bone mass
loss, damage to the sense of smell and
anaemia. Cadmium and its joins are
cancerogenic (declared from ' IARC) and can
cause various types cancers especially
prostate carcinoma.

Inhalation of dust rich in cadmium
(MAC 0,06mg/m3) can soon lead to
respiratory inflammation and lowering of the
renal function. Ingestion of least ammount of
cadmium results in momental intoxication,
inflammation of the lung epitellum, and
damaging to the kidneys and the liver. The
damaging of the kidneys is irrevesible and
non-treatable.

Other concequences of chronical
intoxication of cadmium are: osteoporosis,
osteomallation, pain in the joints and
increased risk of fractures (in chronical
intoxication the weight itself may cause
fractures). The intoxication with cadmium can
lead to infertility and impared function of the
testicals with aspermia. Cadmium can also
damage the nervous system and the immune
system.

"IARC - International Agency for Research on Cancer

AlM

To establish the concentration of
heavy metals (lead, zinc and cadmium) in the
serum of miners working in Probistip, in the
lead and zinc mine, as a potential health risk

The final goal is an adequate
identification of the health risk involved into a
long-term exposition to lead, zinc and
cadmium in directly exposed workers and
suggestion of concrete, adequate and
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efficient measurment to overcome the
situation.

MATERIAL AND METHODS

The prediction is to follow the
concentration of heavy metals (lead, zinc and
cadmium) in the serum of 70 miners working
in Probistip, in the lead and zinc mine.

The first control group is a group of 70
healthy people, who live in Probistip, and
have no direct exposition to the lead and zinc
mine, although they live in the direct
surrounding of the mine, the sedimentation
pool, and drink water from private water
pumps near the rivers Koritnica and Kiselica,
(where a million cubic meters of waste water
contaminated with heavy metals are released
from the section of production of concentrate,
without prior cleaning or neutralising) or eat
fruits and vegetables from the gardens near
the mine, and the rivers Koritnica and
Kiselica. According to some data, there is
almost no life in these rivers, or there is high
level of lead in fish and other biological
samples.

The second control group is a group of
70 healthy people from the municipality of

standard solution (ICP Multi Element
Standard Solution IV CertiPUR, Merck),
containing 19 elements (including the
examined ones), with basic concentration
1000mg/L. The above mention series of
solutions are not submitted to the treatment of
the examined sample.

Concentration of the series of work standard
solutions: .
Zn: 0,01 mg/L; 0,03 mg/L; 0,05 mg/L; 0,1 &
mg/L;0,1mg/L;0,5mg/L; 1 mg/L;

Pb: 0,01 mg/L; 0,03 mg/L; 0,05 mg/L; 0,1
mg/L;

Cd: 0,01 mg/L; 0,03 mg/L; 0,05 mg/L; 0,1
mg/L;

Preparation of blank sample

The treatment of the examined
sample is given to 5ml concentrated nitric
acid, mixed with 5ml concentrated
hydrogenium peroxyde solution.

Apparatus
ISP-AES, Liberty 110, Varian

Stip, in which there are no mines of lead and Measurment conditions
zinc, no sedimentation pools, and the soil, the sy
water and the food, have the permitted rgon flasma) flow | 150 e
concentrations of heavy metals (lead, zinc e smare s o 3T
and cadmium) Sample deiaytime/s U TTTagl
- : Line conditions . .
The research has been made in the ‘;’nm :l:;;‘r:/amm /Snt:\ :‘:':‘tqeegrati‘an‘ Repiicates  Filters PMTNi
chemicai-biochemical laboratory of the 'z zmsse s ooor s 3 T iws ese
iy ; LPbT 220353 5 0007 7 T 3 13 sso
Faculty of mining, geology and polytechnics, & 208800 & 0007 5 3 13" 650

University “Goce Delcev” in Stip.

_ Elements marked with *, include smart intergration time, 32 s

Method description
Sample preparation

To 5ml of serum are added 5ml
concentrated nitric acid and 5ml concentrated
hydrogenium peroxyde solution, the mixture
is termostated to 3000C and evaporated to
dry, during which the protein components are
degradated. To the dry sample, another
portion of 2,5ml concentrated nitric acid and
2,5mi concentrated hydrogenium peroxyde
solution is added, following by another
heating to 3000C and evaporating to dry. The
operation is repeated once more. The residue
is dissolved in 1,25ml of concentrated nitric

acid and is dilluted into a measuring flask of
25ml.

Standard solution preparation
Series of standard solutions are
prepared, dilluting it from multielement

RESULTS

Below shown are the data obtained
from the results od 70 samples from each
group.

Table 1: Concentration of heavy metals in
serum of miners working in Probistip, in the
lead and zinc mine.

7RG 4,388 g 0,4m
0,103 mg/L”" 70,080 g/ } 0,07mg/L .
COT0MmGILT . 0008 MO "

* MAC of cadmium is a complex value depending
on many factors, among which are living habbits.
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Table 2: Concentration of heavy metals in
serum of population of Probistip.

DOSThGL. | P0.008 rig Gl

* MAC of cadmium is a complex value depending
onmany factors, among which are living habbits.

Table 3: Concentration of heavy metals in
serum of population of Stip.

* MAC of cadmium is a complex value depending
on many factors, among which are living habbits.

Concentration of cadmium in serum
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DISCUSSION AND CONCLUSION

The results point at:

1. High levels of lead and zinc in serum
(compared to with MAC for theese metals) at
the mine workers from Probistip's mine, which
corresponds to theirs profesional exposition.
2. High levels of lead and zinc in serum
of Probistip's population living near the
mine.

3. The levels of lead and zinc obtained
from serum in Stip's population are lower
compared to previous groups, which
correspons to their limited exposition on these
metals.

4. The levels of cadmium in all groups
showed no statistical significancy,
concearning that they depend on many
factors (including living habbits)

5. The results correspond to
expectations, according to professional
exposition of mine workers and also
population of Probistip's region.

6. High levels of lead and zinc in blood of
the Probistip's mine workers, seriously
impares health and increases cases of
pulmonary and renal disorders, anaemia,
leukemia etc.

The increased levels of lead and zinc in
serum in the targetted and the first controled
group, pointto the need of:

Preventive standards to reduce free
dust from crumbling and grinding in the
process of metal exploatation. There is a
need of individual and collective protective
measurements in “Zletovo”™mine against
agents getting from metals and process of
their exploatation.

The highest exposition to metal dust
is found in places where operation of digging,
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mining, loading, crumbling and grinding
processes are realized and also transport of
the metals.

Preventive standards to minimize
toxic effects from process of melting,
dissolving and concentration of metals, which

are characterized with gas evaporation and
steam.

In this case protective standards are needed
concearning the aspect of:

- ellimination of gas evaporation by
using a digestors, better ventilation, etc.

- substitution of toxic substances used
in melting process with ecological and non-
toxic ones.

To mark the benefition of use personal
measures of security such as:
- using gas-mask, protective gloves
andboots
- apply regulations/directions of
behaviour in the work place
- decontamination after work

To give priority of building a filter
station for waste waters from melting section.

To build a research station for testing
the content near pool of sedimentation.

To make a programme for disslocation
of private water pumps from the bed of the
rivers Zletovica and Kiselica, which are near
to the old pool of sedimentation, to avoid
influence of contaminated water.

To incorporate previously mentioned
measurement to the recommendations given
by International Occupational Safety and
Information Centre (I0SIC).

Complete health care for workers with
regular examinations and continual tests for
following levels of heavy metals in blood.

Changing, improving and
coordinating the law regulatives according to
EU with introduction of new standards, legal
acts and procedures.
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