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Pestome. NoBeye oT 55 roguHu Kbpmpkanu e eKonormyHo puckoB pavioH B Penybnuka Bbnrapusi nopagm
MHTEH3MBHOTO 3aMbpcsiBaHe Ha OKonHaTa cpefa OT MUHHO-NpepaboTBaTenHaTa, MeTanypruyHaTta npo-
MWLLMNEHOCT 1 npepaboTkata Ha HepyaHu n3konaeMu. OCHOBEH M3TOYHMK Ha 3amMbpcsBaHe npes Teau ro-
anHn e OnoBHo-umHKoBMAT komnnekc (OLK), Ho ot 2011 go 2012 r. noeTanHO ca CMpPeHn CbOTBETHO
OJTOBHOTO U LIMHKOBOTO MPOU3BOACTBO. EAMH OT MexaHu3mMuTe 3a OLeHKa Ha 34paBHUS PUCK Cpef Hace-
NIeHNeTOo e MpPoBeXOaHETO Ha BMOMOrMiYeH MOHUTOPWHT, T.€. B3eMaHe Ha BuornornyHn cpeau 3a onpegensiHe
KOHLEHTpaumMsTa Ha TeXKM meTanu B Tsx. Hali-paHnma rpyna ca geuata. Llenta Ha u3cnedBaHeTo € aa ce
HanpaBu CpaBHUTENEH aHanu3 Ha pe3ynTtatute OT NpoBeAeHNs B1MonorMyeH MOHUTOPUHT Ha dela Ha Bb3-
pact ot 9 o 14 roguHun B Kbpokanu 3a nepmoga 1991-2013 rognHa. BMonormyHnsT MOHUTOPUHE BKITOYBA
onpefensHe Ha OfoBOTO B KpbBTa Ha 356 Aeua oT Ase yumnuwa B Kbpmpkanu (pasnonoxeHu Ha 6nm3ko n
AaneyHo pascrosiHne ot OLK) n egHo — B KpymoBrpaa (koHTpona). Cnopea uHaMBuayanHute pesynrtatu 3a
nepvoga 1991-2002 r., korato OLIK e pabotun, npu 71% oT nacneasaHuTe geua B KbpaKanu CTOMHOCTUTE Ha
onoBo B kpbBTa ca nog 100 ug/l, npu 24% ot 100 go 200 pg/l n npn 5% — Hag 200 ug/l. Mpe3 2013 r., koraTto
€ rnpeyctaHoBeHa AevHOCTTa Ha npeanpuatTveTo, npu 92% OT u3cneaBaHuTe feua CbObpPXKaHWETO Ha
ornoBo B kpbBTa € nog 100 pg/l, npn 7% — ot 100 go 200 ug/l u npu 1% — Hag 200 pg/l. Pesyntatute nokas-
BaT BPb3Ka MeXay 3aMbpCsiBaHETO Ha OKOfHaTa cpefa C aepo30/M Ha Ofl0BO M HABOTO Ha OFlOBO B KPbBTA Ha
Jeuara: npu UHTeH3nBHa paboTta Ha kombuHaTa B nepuoga 1991-2002 r. npu 29% OT Aelata CTOMHOCTUTE Ha
onoBo B kpbB ca Hag 100 pg/l; npe3 2013 r. (npu 3akpuTo NPOU3BOACTBO) camo 8% OT AeliaTa ca CbC CbAbp-
»aHve Ha onoBo B kpbB Haza 100 pg/l; B KpbBTa Ha AeuiaTa OT KOHTpOorHaTa rpyna He ce [0oKa3Ba CbaobpXKaHue
Ha onoso npu 100% ot geuara.

KnrouoBu AyMuU: geula, ekonorm4Ho 3amMmbpcsqaBaHe, 0J10BO, B1onornyeH MoOHUTONUHT

Summary. More than 55 years, Kardzhali is environmental pollution region in Bulgaria due to intense
emissions from mining-processing, smelter plant and processing of non-metallic minerals. The main
source of pollution in those years is smelter plant (Lead and Zinc Complex), but from 2011 to 2012 lead
and zinc production was gradually stopped, respectively. One of the mechanisms to assess the health risk
among the population is to conduct biological monitoring, i.e. making biological materials to determine the
concentration of heavy metals in them. The most vulnerable group are children. The aim of this study is to
benchmark the results of the biological monitoring of children aged 9 to 14 years in the city of Kardzhali for
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the period 1991-2013. Biological monitoring includes determination of lead in the blood of 356 children
from two schools in the city of Kardzhali (located near and far away from OCK-AD) and one in Krumovgrad
(for control). According to the individual results for the period 1991-2002, when smelter plant has worked,
in 71% of the children in Kardzhali values of lead in the blood are below 100 pg/l, in 24% between 100 and
200 pg/l and in 5% over 200 pg/l. In 2013, when the company ceased operation, in 92% of surveyed
children the levels of lead in the blood is below 100 pg/l, in 7% from 100 to 200 g/l and in 1% above 200
pg/l. The results indicate a link between air pollution with lead aerosols and the level of lead in the blood of
children: in the intensive work of the plant during 1991-2002 in 29% of children amounts of lead in the
blood is above 100 pg/l; in 2013 (when closed proceedings) only 8% of children are with lead content in
the blood of more than 100 pg/l; the blood of the children in the control group demonstrated no lead

content in 100% of children.

Key words: children, environmental pollution, level of load, biological monitoring
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lNoBeye oT 55 rogmHn Kbpaoxanu e ekono-
r’MYHO PUCKOB panoH B Penybnuka Bbbnrapus
nopaau MHTEH3MBHOTO 3aMbpCsBaHe Ha OKOIl-
HaTa cpefa OT MUHHO-npepaboTBaTenHarta u
MeTanypruyHata NpoOMULLNEHOCT 1 npepaboT-
KaTa Ha HepyaHu uakonaemun. OCHOBEH M3TOY-
HUK Ha 3amMbpcsiBaHe nNpe3 Te3n roauvHU €
OnosHo-umHKkoBMAT komnneke (OLK). Ton pa-
ootn ot 1955 r., kaTo npomnssexga Ha 5000 T
uMHK 1 7000 T capHa kucenuHa. Mpe3 1956 .
3anoysa U NpousBoACTBOTO Ha onoso — 8000
ToHa u cnnas JOPE [1]. Mawabute Ha npous-
BOACTBOTO Ha OflIOBO B KOMMJekca 3aemart
Han-ronsim Asn, a oT ToBa Mpou3Th4a u no-
BMCOKaTa MHTEH3UBHOCT HA eMUCUUTE Ha cep-
HW ras3oBe M1 OfI0BHM aepo30/Kn B panoHa. Npes
nepuvoga ot 2011 go 2012 r. noetanHo e
CMPSHO CbOTBETHO OfIOBHOTO U LIMHKOBOTO
npov3BOACTBO.

3a yoBeka OSfloBOTO € KyMyraTuBHa OTpPoOBa
C Npoab/KUTENEH NEPUOA Ha W3MNbyYBaHe.
Monaga B opraHM3ma rnaBHO MO pecnupaTo-
peH (20-60%) wu racTpouHTECTMHanNeH nbT
(10% npwu Bb3pacTHn n 40-60% npwu geua).

EovH oT MexaHuM3amuTe 3a oueHka Ha
3[paBHWS PUCK Cpel HaceneHMeTo B paoHu C
YyCTaHOBEHO 3amMbpCsBaHe Ha OKOfHaTa cpeja
€ NpoBeXaaHeTo Ha BUONOrNYEeH MOHUTOPUHT,
T.e. B3eMaHe Ha GuonorvyHu cpegm 3a onpe-
AensgHe KOHUEeHTpauudaTa Ha TEeXKM meTanu B
Tax. Han-paHuma rpyna ca geuara.

LlenTta Ha nscrnegBaHeTo € Ja ce Hanpasu
CpaBHUTENEH aHanu3 Ha pesynTtaTtute oT npo-
BeAeHus GuonormdyeH MOHUTOPUHI Ha Aeua Ha

Bb3pacT oT 9 go 14 roguHn B Kbpaxann 3a
nepuoga 1991-2013 r.

METOOM

B obxeaTa Ha mnscnegBaHeTo npes nepuo-
ga 1991-2013 r. ca BkntodeHn 356 geua Ha
Bb3pacT oT 9 Ao 14 roguHn OT ABe yyebHu
3aBefeHua B Kbpopxkanu (pasnonoxeHu Ha
©6nnsko n ganeyHo pasctosiHne ot OLIK) n ea-
Ho — B KpymosBrpag.

Mo paHHW Ha N3nbnHuTenHarta areHums no
OKOnHa cpeda panoHbT Ha Kpymosrpag e
oueHeH (no T. 4 ot yn. 30 (1), Hapenba Ne7)
KaTo panoH, B KOWTO HMBaTa Ha aTMocdepHU-
Te 3aMbpcuTenu ca nog [OfHUS OueHbYeH
npar. [lenbT Ha NPOMULLUNEHOCTTA B UKOHOMMU-
kata Ha obwumHa KpymoBsrpag e TBbpae orpa-
HuW4yeH. B panoHa HAMa CbLIEeCTBEHW OpraHu-
3MpaHN U3TOYHULM Ha EMUCUMN Ha BPeOHW Be-
LecTBa, MopaguM KOeTo e onpegeneH kKaTo
KOHTPOMEH 3a LenuTe Ha uacrnegBaHeTo.

3a ynecHeHve npu CpaBHUTENHUS aHanus
Ha JaHHUTe yyunuwarta ca obo3HayeHu no
CNeaHUs HAYuH:

— COVY ,Cs. KnumeHt Oxpugcku”, Kbp-
axanum, KoeTo e cutympaHo B 6nm3ocT Ao us-
TOYHMLMTE Ha 3aMbpcsaBaHe — ¢ Kog 1.

— OVY ,Cs. CB. Kupun n Metoguin”, Kep-
opKanu, KoeTo e oTAanevyeHo OT U3TOoYHUUUTE
Ha 3aMbpcsiBaHe — C koA 2.

— COY ,Bacun Jlesckn”, KpymoBrpag, (KOH-
Tpona) — ¢ kog 3.

Ot BcsAKO OeTe e B3eTa npoba BeHO3Ha
KpbB 3a onpefensiHe HannuMeTo Ha OfloBO C
nomMoLyTa Ha 3aTBopeHa Bakyym-cuctema (S-
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Monovette® for trace metal analysis) 3a egHo-
KpaTHO wu3nonssaHe, cbabpxawa aantms-LH
(nMnTHeB xenapuH).

BvonornyHmaT martepuan e uscnegBaH B
LleHTpanHata knuHM4yHa nabopatopus  Ha
YMBAIJT ,AnekcangpoBcka” — Codusi.

KoHueHTpaumsaTa Ha 0foBO B KpbBTa € on-
peneneHa 4pe3 aToMHO-abcoBOpLMOHHA CNeKT-
pomMeTpus ¢ rpadomyeH atommsaTop.

3a cpaBHeHWe Ha cpefHUTe CTOMHOCTU Ha
NPOMEHNMBUTE Ca M3MNON3BaHU KPUTEPUAT Ha
Mann-Whitney n TectbT Ha Kruskal-Wallis.

PE3YNTATU

O6o6LwwaBaLym CTaTUCTUYECKN XapaKTepuc-
TMKMU Ha MoKasaTensi OfloBO OT MPOBEAEHMUTE
n3cnegsaHuata 3a nepuoga 1991-2013 r.,
npocnegeHn B AMHamuka B TpuTe y4yebHu 3a-
BeOeHus1, ca nokasaHu B Tabnuua 1.

Ta6nuya 1. CpedHuU cmoliHocmu u cmaHGapMmHU OMKJ/IOHe-
Husi Ha PbK e ug/l 3a nepuoda 1991-2013 2oduHa

KopoBe Ha yuunuwiata 1991 2002 2013
CpepnHa cToiHoCT 152,1750 98,4160 | 60,0820
1 Bpoit yueruumn 40 50 50
CraHgapTHO
31,3384 41,0767 | 29,4095
OTKIIOHEHUE
CpepnHa cToiHoCT 156,9333 87,0373 74,1352
9 Bpoit yuenuum 30 51 54
CrarpaptHo 78,6638 | 47,7561 | 21,1673
OTKIIOHEHUE
CpepaHa cTonHocT - 57,8257 47,9667
3 Bpon yyeHuum - 35 46
CrarnaptHo - 15,1611 | 11,0172
OTKITOHEHUE

Ob6paboTkata Ha gaHHMTE OT BUONOrNYHNA
MOHUTOPUHT npe3 1991 r. nokasea, Ye cpeaHu-
Te cTomHocTM Ha PbK He ca crtatuctndecku
3Ha4YMMO pasnMyHN (CbOTBETHUTE CTOMHOCTM
Ha P ca 0,43 n 0,108). YcTtaHOBEHUTE CpeaHo-
rpynoBu pesyntatu ca B rpaHUUUTE Ha LUTU-
paHuTe B nuTepartypaTa Toraa (nog 200 ug/l).

Upes Tecta Ha Kruskal-Wallis ce yctaHoss-
BaT CTAaTUCTUYECKM 3HAYMMM Pa3NNyung Ha cpea-
HUTE CTOMHOCTM Ha ofnoBo B yuynnuwata (P <

0.0001), kouTo ca mMoHuTOpUpaHu npes 2002 .
Upes Tecta Ha Mann-Whitney e HamepeHo pas-
nmure Mexay cpegHuTe CTOMHOCTM B ydunuiia
1mn2(P=0.02nP <0.0001). CbLLoTO CE OTHa-
csa 3a yunmwa 1 m 3 (P < 0.0001 n P < 0.0001),
kakton3a2un 3 (P <0.0001 n P <0.0001).

Cnopep vHouBuayanHute pesyntatn oT mus-
cnenpaHeTo npes3 2002 r., korato OLK e pa6o-
TUN, CPeQHOTO HMBO Ha OfIOBOTO B KpbBTa Ha
deuata ot Kbpmkanm e 92.7 + 44.7 ug/l (veaun-
aHa 82 ug/l), ¢ perucTpupaHM WMHAMBUAOYaNHW
ctonHoctn ot 30 go 259 pg/l. YcraHoBeHaTta
cpedHa KoHueHTpaumst Ha PbK Ha geuata ot
Kpymosrpag e 57.9+15.1 ug/l (megnana 58 pg/l)
n pesyntatu, Bapupawm ot 30 go 93 pg/l. HuBo-
TO Ha OfI0BOTO B KpbBTa Ha AeuaTta oT Kbpmka-
M e CTaTUCTUYECKN AOCTOBEPHO MO-BMCOKO OT
ToBa Ha geuata ot Kpymosrpag (P < 0.0001).

lMpes 2013 r., korato e mnpeycTaHOBEHa
AEVHOCTTa Ha NpeanpuaTUEeTO, CPEAHOTO HUBO
Ha ONoOBOTO B KpbBTa Ha Aeuarta oT Kbpaxanu
e 67.1 + 25.3 ug/l (megnana 63 ug/l), c peruc-
TpUpaHu MHaMBMAyanHM CToMHocTn ot 31 Ao
211 pg/l. YctaHoBeHaTa cpegHa KOHUEHTpa-
ums Ha PbK Ha pgeuata ot Kpymosrpag e 48.0
+ 11.0 pg/l (vepnana 46 pg/l) n pesynratu,
Bapupawm ot 31 go 78 pgl/l.

TectbT Ha Kruskal-Wallis nokasea, 4ye gas-
HUTEe OT y4ebHUTEe 3aBedeHus ce pasnuyasat
ctatuctudeckn 3Hadumo (P < 0.0001). 3a pa
Ce YCTaHOBM TOYHO MEXAYy KOW yuunuuia ca
3HAYMMKUTE Pas3nNUynsi, € U3Non3BaH MOAXOASLL
MOCT-XOK TECT, KOWTO MOKa3Ba, Ye pasnuyne mma
mexay yunuiwe 1 un yaunuwe 2 (P < 0,05),
mexay ysinuwe 1 m ysunuwe 3 (P < 0,05) n
mexay yuvnuwe 2 n ysunuwe 3 (P < 0,05),
T.e. TPUTE yyunuiia 3Ha4yMmo ce pasnuyasaT
Mo OTHOLLEHWE Ha nokasaTeris Of0Bo.

Cnopep LleHTbpa 3a koHTpon Ha Gonectute
(CDC) B CALL (ATSDR, 1997), oeua cbc cTon-
HOCTM Ha onoso B kpbBTa oT 100 go 200 ug/l
noanexar Ha nepuoguyeH koHTpor, ot 200 ug/l
— Heobxooumm ca OOMbIHUTENHU MeLULMHCKA
nacnegpaHus, Hag 400 pg/l — ce mognarat Ha
neyexwue [2].

MonyyeHnte pesyntatm 3a MNPOLEHTHOTO
pasnpeneneHne, 06o6LeHn 3a nepunoga 1991-
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2002 r., nokasBarT, Ye npu 71% oT n3cnegpaHuTe
Jeua B Kbpmkanu CTOMHOCTUTE Ha OSfIOBO B
kpbBTa ca nog 100 pg/l, npyn 24% — ot 100 go
200 pg/l v npn 5% — Hag 200 ug/l (Tabn. 2).

Mpe3 2013 r. npun 92% oT u3cnenBaHuTe
Aela CbAbpXXaHMEeTO Ha O0BO B KPbBTa € MoA
100 ug/l, npn 7% — ot 100 go 200 ug/l, n npwu
1% — Hag 200 ug/l.

Pesyntatute nokaseat Bpb3ka Mexay 3a-
MBbpPCABaAHETO Ha OKOrHaTa cpefa ¢ aepo3onu
Ha OflOBO M HMBOTO Ha OflIOBO B KpbBTa Ha fe-
uaTta:

— [pu nHTEH3nBHa paboTta Ha kombuHaTa
npe3 nepmoga 1991-2002 r. npn 29% ot geuaTta
CTOMHOCTUTE Ha ONoBO B KpbB ca Hag 100 ug/l;

— [pe3 2013 r. (Npn 3aKpMTO NPOU3BOAC-
TBO) camMo 8% OT Adeuarta ca CbC CbAabpXaHue
Ha orloBo B KpbB Hag 100 ug/l;

— B kpbBTa Ha geuarta OT KOHTponHaTa
rpyna He ce fokasBa CbAbpKaHue Ha OfoBO.

Tabnuuya 2. lpoyeHmHo pa3snpedesieHue croped uHoueu-
dyanHume pe3ynmamu PbK npu deuya om 2pad Kbpoxanu
3a nepuoda 1991-2013 2o0uHa

Mepuopg OTHocuTeneH gsan Ha onoso (Pb), %
B Hopma Hag Hopma
0o 100 100-150 150-200 Hag 200
g/l g/l g/l g/l
1991-
71 21
2002r. 8 S
2013r. 92 7 0 1
nssoaou

— HanpaBeHnute u3cneaBaHus 3a CbObp-
)KaHuMe Ha OrloBO B KpbBTa Ha Aeua OT ABeTe
cenuiia He AoKasBaT MOBULLEHO MOCTbMBaHE
Ha MeTana B opraHuama. [euarta ot Kbpoxa-
nn cbe ctomHocTn Ha PbK nog 200 ug/l ca
99.0-npoueHTHa n3Bagka, KoAaTo € Hag npeno-
pvuntenHute 98.0% Ha C30.

— Cnopea n3ncksaHusita Ha CDC — CALL,
npu 7.0% oT mnscnegBaHuTe geua oT Kbpoxa-
nn ca HeoBXoANMM NEPUOANYHU U3crenBaHns
3a CbAbpxaHue Ha onoBo B KpbBTa. 3a 1.0% ot
jeuara, cbc ctomHocTn Ha PbK Hag 200 g/,
CbLLIECTBYBA PUCK 33 30paBeTO OT MOBULLEHOTO
nocTbnBaHe Ha MeTana B opraHmM3ama u ca He-
obxoanmn AONBbIHUTENHU MEOMUMHCKA W3C-
nenBaHus.

— OT HanpaBeHWs1 aHanNn3 Ha NoslyYeHuTe
pe3yntatM SICHO Ce KOHCcTaTupa Kopenauus
MeXady 3amMbpCsBaAHETO Ha OKOJfHaTa cpeda C
aepo30siM Ha OfloBO U HMBOTO Ha TEXKUSA Me-
Tan B KpbBTa NpU ekcnosuumsaTa Ha macnen-
BaHUTe Aeua.

— [aHHnTe nokasBaT MO-HUCKN CTOWMHOCTU
Ha PbK npu geuata ot Kbpakanu n B gBeTe,
pasnnMyHO OTAaneyvyeHu OT 3aMbpCUTENS y4uu-
nuwa npes3 2013 r. B CpaBHEHME CbC CbLUNTE
npes3 1991 r.

— B notBbpxaoeHMe Ha Bpb3KaTa KOHT-
pornHa rpyna — geua OT eKOSIOrMYHO 3acTtpa-
LeH panoH ce ycTaHoBsiBa nunca Ha PbK B
nacrnegBaHMTe KpbBHWM Npobu npu geuata oT
Kpymosrpag.
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