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Kpatok nssagok

EKOJIOLWWKATA XELWKA TOYKA-OENOHUJA 3A UHOYCTPUCKU OTINAL
“XUB-BEJNIEC” MUMHEPAJOLUKWU, TEOXEMUCKU U PAOUOXEMUCKA
NCTPAXYBAHA

KnyuHun 36oposu: XMB Benec, ocdopeH runc, paguoHyknuau, reoxemmja

HaceneHneto Ha 3emjaTa € MOCTOjaHO W3NOXEHO Ha pasHW BMAOBM Ha
joHu3upa4dko 3paderbe. Criopeq MOTEKNOTO M3BOPUTE Ha 3paderwe ce fenat Ha
NPUPOAHN N BellTadykn. N3noxeHocTa Ha BeLTaykn U3BOpU € pesynaT Ha HUMBHaTa
npyMeHa BO: MEAWUMHCKM uenu (OujarHocTuka n Tepanuja), uHguctpujata unu nak
O PaAMOHYKNMANUTE NPUCYTHU BO XMBOTHaTa cpeauHa nocrieavua of HykreapHuTe
npobu n HykneapHata xaBapuja Bo YepHobun og MmHATMOT BeK. Bp3 OCHOB Ha
roniem 6poj Ha MUCTpaKyBawa, AOKaXXaHO € JeKa HajrofieM AOMPUHOC BO BKyMnHaTa
N3NOXEHOCT Ha HacerneHMeTo NnoTekHyBa of npupoaarta. Bo rpynata Ha npupoaHu
N3BOPU Ce KOCMUYKOTO U TepPeCTpujanHoTo 3padene. [lo3aTta Koja ja npuma 4YoBeKoT
BO TEKOT Ha edHa roavHa O HaOBOPELLUHO KOCMWYKOTO 3padvyeH-e Ha OTBOPEHO €
rMaBHO KOHCTaHTHa BenuuMHa 3a [JafeH npocTop (3aBucu Of HagmopckaTa
BMCOYMHA) W € MHOry nomarna BO OAHOC Ha p[Jos3aTa Koja MOoTekHyBa oOf
TepecTpujanHaTa pagmoaktnsHocT (UNSCEAR, 2000).

PaguakTveHUTe M3oTonu of Husmte Ha 222U u 2*2Th kako n *°K, npucythHu BO
cuUTe TepecTpujaHn maTtepujanu ce rmaBHUTE U3BOPU HA eKCrnosuuunja Bp3 YOBEKOT.
Cnope HMBHOTO MNOTEKNO TWe ce AedWUHUPaHW Kako MNPUPOAHU PadnOaKTUBHMU
maTepujanu (naturally occurring radioactive materials: NORM). Bo cny4yaj kora
NPUPOAHO PaAMOaKTUBHUOT Martepujan € NnoasioXeH Ha HEKOj TEXHOSTOLKN npoLec
BO KOj Ce crny4vyBa HapyLlyBawe Ha O4HOCUTE Ha pPagvoOaKkTUBHUTE U30TOMU BO HErO,
Toraw TOj ce KaTeropusmpa Kako TEXHOSMOLIKM nogobpeH npupoaeH pagnoakTUBEH
matepujan (technologically enhanced naturally occurring radioactive material -
TENORM). CoppxvHute Ha paguoHyknuaute Bo nouysute U kaprnute (NORM)
BapvpaaT BO 3aBWCHOCT O HMBHOTO MOTEKNO (reororvjata) AoAeka Mnak HUBHUTE
coapxuHm Bo TENORM 3aBucaTt 1 04 NOTEKNOTO M 04 CaMUOT TEXHOSOLLKWN NpoLec.

docdormncor e otnageH nNpovsBo OA MHAYyCTpujaTa 3a BeluTadku rybpuBa,
reHepvpaH BO NpoLecoT Ha Npou3BOACTBO Ha pocdopHaTta kucennHa o docdaTHa

pyga (Santos et al.,, 2006; Papageorgiou et al.,, 2016). Toj Bo cebe coapxwu
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NPUPOAHU PaANOHYKNMAM of HU3MTe Ha 222U n 2*2Th kako u *°K kou notekHyBaaT oA
docopHaTa pyaa HO CO HapyLleH COO4HOC nocneguua og CaMmmoT TEXHOSOLLKMOT
npouec (Guimond and Hardin, 1989). [enoHupaHnoT docdornnc Koj ce
KapakTepuanpa CO 3rofieMeHuTe KOHUEHTpauUM Ha paguvoHyKnuauTe of Hu3aTta Ha
238 npenm3BMKYBa KOHTaMMHaLMja Ha XMBOTHATa cpeavHa: noysaTta, BogaTta W
atmocceparta (Tayidi et al., 2009; Attar et al., 2011). Og Tve npuYNHK, NOKPa;]
ApYyruTe, HEonxooHO € [a Ce HanpaBu U pagujauMoHa  Kapaktepusauuja Ha
AENOHMUTE OOHOCHO Aa Ce HamnpaBu NpOLEeHKa 3a MOXHUTE HecakaHu edekTu Bp3
XMBOTHaTa cpeauHa n aMpekTHo Bp3 nyreto (Sahu et al., 2014; Papageorgiou et al.,
2016).

CornacHo co Toa npousnese W wugejata, Oa Ce HanpaBu paguvjaunoHa
Kapaktepmusauuwja Ha pgenoHupaHnot docdormnc og Pabpukata 3a BeLUTauku
rybpuea ,Xemuncka nHgyctpuja Benec* (XMB). Bo TekoT Ha Hej3nHOTO paboTewe of
1979 o 2003 roguHa ce aenoHupanm 3,7x10° t runc Ha 70x10° m2 (=53 t/m?), Ha 1,5
km jyrozanagHo op ¢abpunuknoTr komnnekc Bo 6nu3nHa Ha cenoto 3rpononuu
(cnuka 1). Bo 0BOj Tpya ce npukaxaHun pesynatute o MeperaTa Ha akTMBHOCTa Ha
NpUPOLHUTE PagUoOHYKNMANM BO (POCdOruncoT y3opKyBaHM O [AenoHujata u of
NpoLEeHKaTa Ha HagBOELLHNOT PU3NK BP3 NOEAUHLUN Of, HAacemneHue.

MeT npumepoumn oa docornnc rmnc, Ha gnabodnHa 50 cm 6ea y3opKyBaHu of
AenoHwjata n ucnpartexu Bo ,Activation Laboratories, Canada, 3a aHanusa.

lMocne cTtaHgapHa NOArOTOBKA Ha NpuMepouuTe, BO HUB CE Mepea COAPXUHUTE
Ha: BKynHuTe anda n 6eTa akTMBHOCTH, akTMBHOCTa Ha ‘°K Kkako 1 akTMBHOCTUTE Ha
paavoHyknuaute of Huaute Ha 28U u 2*’Th. Pesyntatute 6ea u3paseHM Kako
crneumduyHN akTUBHUBHOCTY (aKTUBHOCT Ha eauHuMua cyBa maca) Bo Bg/kg.

Pesyntatute ykaxyBaaT Aeka BO cuTe npumepoun 6ea M3MepeHu BKYMNHUTE
anda n 6eTa akKTMBHOCTM U eKa TUe MaBHO NOTEKHyBaaT of M30TonuTe o4 Hu3aTa
Ha 2U. Cneumduunnte akTuBHocTM Ha *°K u usoTonute of Hu3aTa Ha *’Th Gea
nog HMBOTO Ha AeTekunja. Bapujaummnte mery BkynHuTe anda un 6eta akTMBHOCTUTE
kako U akTMBHOcTMTe Ha 22U Bo neTTe nMpumMepoLm ce Bo UHTepBsan oa 11% Ao 15%
M Ce MOHUCKM BO OJHOC Ha BapujaLuuTe Ha “2°R kou ce 30%.

[MoBMCOKN BPEAHOCTM Ha U3MeEpPEHUTE CneundUYHN akTUBHOCTU Of NPUPOLHUTE,
BGea gokaxHM CO HMBHa criopenba co pesynatute objaBeHu o4 NPEeTXOOHU CTyaun
HanpaBeHn Bo Penybnuka MakegoHunja. CpegHute BpPeAHOCTU Ha W3MEpPeHuTe

BKyrnHaTa an(ba n 6eta CI'IeLI,I/I(bl/I‘-IHI/I aKTUBHOCTWU BO (*)OC(*)OFI/II'ICOT Cce NoBMCOKN BO
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O[HOC Ha COOABETHUTE CPEedHW aKTMBHOCTM NyONMKyBaHW 3a MOYBUTE Y30PKyBaHM
BO OKonMMHa Ha Benec. AktuBHoCTUTe Ha 2*U ce nOBUCOKM 0f BpeaHOCTUTE
AobuenHn 3a nousnte Bo Benec n noB1COKM BO OAHOC Ha NpOCeYHUTE BPEAHOCTU 3a
uena MakegoHuja.

Bo nutepartypata ce cpekaBaaT ronem 6poj Ha cTyam Bo Kou Guna ncnutysaHa
COApXMHATa Ha paauoHyKnNuautTe Bo POCHOrMncoT Kako M 3a Heropata npuvMeHa.
[NaBHO, Kako M BO OBaa CTyAMja crneuudUYHUTE akTUBHOCTM Ha “?Th u “°K ce
MOHWUCKN Of} BPEAHOCTUTE Ha paavoHyKnuauTe of HuaaTa Ha 2>°U. Op apyra cTpaHa
nak, ny6rvMkyBaHUTe akTMBHOCTM Ha “?°Ra ce rmaBHO moBucoku of 2°U, wTo He e
cnyyaj BO Hawaea cTtygvja. Ha cnuka 4 ce npukaxaHu BpegHOCTUTE Ha
cneunuYHUTE akTMBHOCTH Ha 2°Ra Bo hocornncoT o HeKoj 3emju criopeaeHm co
npoceuHaTa BpegHoc Ha ?°Ra op oBaa ctyavja. BpeaHoctute Ha *°Ra Bo
docdornncot og Ermnet (Khalifa and El-Arabi, 2005), Xpeatcka (Bituh et al., 2008),
JopaaH (Zielinski et al., 2011), Cnosenuna (Kobal, 1990), LWnannja (Lopez-Coto et al.,
2014), pumja (Papageorgiou et al., 2016), Cpbuja (Rajkovi¢ et al., 2002) ce
NMOBMCOKM BO OOQHOC Ha pe3ynaTtuTe of OBaa cTyauja.

CornacHo co nogatouuTe og nuTepatypata (Ha npumep: Mesic et al., 2016;
Rashad, 2017; Campos et., al., 2017; Saadaoui et., al., 2017) noHaTamowHaTa
npumeHa Ha ¢ocormncoT BO TPageXHUWTBOTM W BO 3eMjogenvMeTo, He e
NCKIyYeHa.

MpoueHkaTa Ha roguwHaTa eekTMBHA A403a 3a NoeAuHUM Ha HaceneHue Gele
HanpaBeHa Bp3 ocHoB Ha UNSCEAR meTtogonormnjata (UNSCEAR, 2000). MpBo ce
npaBu npoueHka Ha 6p3nHata Ha gosa D (Gy/h) Ha BucuHa og 1 m BpP3 OCHOB Ha

cneumuuHnTe aktueHocTh Ha “°K, 232Th 28U, cornacHo co paBeHkara:

D = 0,462(%%U)+0,604(***Th)+0,0417 (*°K), (1)

kage 3a 2®U, Gele wWckopuCTEHA apuWTMeTMuKaTa cpefdHa BPEAHOCT Of cuTe
npuMepoum a 3a “°K n *?Th 6ea 3ameHeTH co rpaHULMTeE Ha JeTekumja.
HobueHata BpeaHocT 3a D (Gy/h), noHaTamy Gelle UCKOpUCTEHa 3a MpOLeHKa Ha

roguwHa edpektuBHa gosa De (Sv/y), cornacHo co paBeHkaTa:

Dg=D-0,7-8760-0,2 (2)



kage: 0,7 Sv/Gy e daktop Ha npetBopba, 1 god =8760 h n 0,2 e chaktop Ha
oKynauuja HagBop.

CornacHo co Toa, npoueHeTaTa roguiHa eekTMBHa go3a Koja 6w ja npumune
noeguHUM of HaceneHue kou 6w npectojyBane Ha genoHujata 0,2 o4 BpeMeTo BO
TekoT Ha 1 rognHa nsHecysa 0,25 mSvly.

Mako npoueHkaTa 6elue 3acHOBaHa Ha HajNOWOTO MOXHO CLEHapuo, cenak
npoueHetata De € NOHMMCKa of rpaHuuaTta Ha gosa 1 mSv/ly 3a noeavHum oA
Hacenexue.

Bo oBaa ctyguja, Bp3 OCHOB Ha Mepewe Ha crneumduUyHUTE aKTUBHOCTU Ha
NPUPOLHUTE PaAMOHYKNMAW BO npumeounTe of ¢ocdornncoT, Y30pKyBaHW Of
nenoHnjata Ha XMB Benec, npousnese:

« BkynHuTe anda n 6eta cneumnyHM akTUBHOCTU BO AeNOHUjaTa ce NOBUCOKM

BO O4HOC Ha HNBHUTE BPEOHOCTWN BO NMOYBUTE O, Benec n okonnHaTa;

 CneuudunyHuTe akTMBHOCTM Ha “°K KaKko U Ha paavousoTonuTe Of HM3aTa Ha
232Th Gea nop HMBO Ha AeTekuMja. MoeHTUdUKyBaHO e npucyctBo Ha 228U un

226Ra CO aKTUBHOCTU NOBUCOKWN O aKTUBHOCTUTE BO MNOYBUTE;

« ApuTMeTUuKaTa cpefHa BpedHOCT Ha crieumdmryHaTa akTMBHOCT Ha 2%°Ra of
oBaa CTyAuvja e NMoHUCKka BO OAHOC Ha BpeaHOCTUTE 0bjaBeHM of OBaKBUTE

CTyOun CnpoBefeHn Bo ApYrn 3eMju;

» Bp3 ocHOB Ha npoueHeTaTa 4o3a HanpaBeHa cnopes HajJ'IOUJO cueHapuo He e
yTBpAOEH 3roneMeH HagBopelleH pa)J,VIjaLl,I/IOHeH pun3nK on ,u,en0H|/|jaTa BpP3

noeanHuun o HacerneHue.

MoHaTamMoWwHM unCTpaxyBawa 3a edekTuTe Ha AenoHujata Bp3 XMBOTHATa
cpeguHa ce npenopadysaat. Bp3 ocHOB Ha roniem 6poj Ha Hay4Hu cTyam objaBeHu
BO nNuTepaTypaTta, MOXHa € npumeHa Ha ¢occOormncoT BO rpagexXHULLTBOTO U BO

3emjeenuerTo.



ABSTRACT

ENVIRONMENTAL HOT SPOT - LANDFILL FOR INDUSTRIAL WASTE "HIV-
VELES" MINERALOGICAL, GEOCHEMICAL AND RADIOCHEMICAL
RESEARCH

Key words: HIV Veles, phosphogypsum, alpha and beta activities, geochemistry

The work of the factory for the production of fertilizers in the area of Veles (the
Republic of Macedonia) resulted in a residual amount of about 3.4 million tons of
phosphogypsum that was deposited at the dump adjacent to the plant in the period
from 1980 to 2003.

So far, there no remediation of the phosphogypsum dump has been performed.
This paper presents the results obtained from representative samples taken from the
phosphogypsum dump by applying the following methods: analytical methods (ICP-
MS, FUS-ICP-MS), mineralogical methods, X-ray powder diffraction (powder-XRD),
electron microscopy (SEM-EDS), and high-resolution y-ray spectrometry.

The samples contain crystalline gypsum (Ca sulphate), Fe hydroxide, Ba
sulphate, Ca fluorite, Si-oxy-hydroxide and zirkon.

The gross alpha specific activities varied between 820 Bg/kg and 1090 Bqg/kg
with an average 950+104 Bqg/kg, while the gross beta specific activities ranged from
1380 Ba/kg to 1980 Bqg/kg with an average of 16941220 Bqg/kg.

Phosphogypsum is obtained in the process of obtaining phosphoric acid by
treating phosphate rock (phosphorites) with sulfuric acid (Al-Hwaiti et al., 2015; Al-
Masri et al., 2004; Canovas et al, 2017; Degirmenci, et al., 2007).

The Fertilizer Plant "Chemical Industry Veles" (abbreviated as "HIV") is a factory
for the production of fertilizers near the village of Zgropoilci, in the central part of
Macedonia, in the immediate vicinity of the river Vardar. The factory is located about
12 km southeast of the city of Veles, or about 15 km from the lead and zinc smelter
"MHK Zletovo".

The plant for phosphoric acid within the "Chemical Industry Veles" was first
opened in 1979. In February next year the production of mono-ammonium
phosphate (MAP) began, and the plant for the production of fertilizers was opened in
May 1980. The factory ceased operations in June 2003.



The factory was primarily built to use the sulfuric acid obtained in the
metallurgical complex of the Lead and Zinc Smelter "MHK Zletovo" near Veles. The
main production of the plant was the production of phosphoric acid, the production of
monoammonium phosphate, and the production of fertilizers.

The capacity for the production of phosphoric acid was projected at 50,000 tons
with a dihydrate procedure, and the maximum realized capacity was 33,000 tons per
year.

The factory represents an ecological hot spot in the surrounding area, due to the
unorganized acid waste water discharge and the gypsum dump, which was used
since the plant started operation in 1979 until its closure in 2003. There are 3.7
million tons of gypsum on the gypsum dump and it covers 70.000 m?2. The gypsum
dump is located about 1.5 km southwest of the factory complex, in a small valley
between hills.

The gypsum dump was filled by a pipeline, whereby the solid waste materials
were transported in the form of a phosphogypsum suspension. Beside this dump, the
factory also completely polluted the river Vardar through the discharge of waste
water.

The detailed investigations of the chemical, geochemical, mineralogical and
radiological composition of the phosphogypsum from the of HIV Veles dump show
that it is a chemically, geochemically, mineralogically, and radiologically relatively
uniform material. The mineral composition is simple and dominated by gypsum, and
there is very little presence of accessory minerals (quartz, Ba sulphate, Sr sulphate,
fluorite, zircon, mica). The high representation of elements of the rare-earth elements
group (REE) in an amount that in some cases reaches 300 ppm points to the fact
that this material is a serious raw material with a high proportion of elements from
the group of rare-earth elements and that it is an economically interesting raw
material.

Based on radiological testing, the following conclusions ca be made:

- The total alpha and beta specific activities in the dump are higher compared

to their values in soils from Veles and the surrounding area;

- The specific activities of “°K, as well as of the radioisotopes from the #**Th

array were below the detection level. The presence of U and ?*Ra with

activities higher than the activities in soils has been identified,;



- The arithmetic mean value of the specific activity of 2°Ra of this study is lower
in relation to the values published in such studies conducted in other

countries;
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l. BOBE[

OtkonaHata ¢ocdopHa pyga ce obpaboTyBa co Boga 3a ga ce oTcTpaHar
HecakaHUTe jafloBMHCKU MUHepanu 1 ga ce KOHUeHTpupaaTt pocaTHUTE MUHepanu
BO CypOBMHa 3a NPOM3BOACTBO Ha ocdopHa kucenuHa. Bakeata npepaboTka
reHepupa KoHUEeHTpaT Ha ocdaT u HenoxerneH CUTHO3pPHeCEeT KapnecT martepuvjan
N MUHepanHu 4YecTudkn. BakeaTta janoBuHa unu ce ognara BO XugpojanoBuwiTaTa
UM ce ucnywTa BO pekn n okeaHwu. [1pom3BoACTBOTO Ha (pocopHa KucenuHa
HajyecTo ce MOCTUrHyBa CO pacTBOpake Ha W3MUEHUTE U KOHLEHTpUpaHu
docaTtHn MuUHepanu BO cyndypHa KucenvHa. HenoxenHmoT Hy3npousBog on
BaKBOTO MPOM3BOACTBO Ha FybpuBa ce HapekyBa ,docdorunc’. MaTtepujanute oA
NCKOMyBah-€TO, NpepaboTkaTa U MeTanyplukata ekcTpakumja Ha doccdat Moxe aga
ce rpynupaaT BO CredHMBE YeTUpU T[NaBHW KaTeropum: pyaHWYKa jaroBuHa,
dochaTHa janoBuHa, janosuwTa Ha gpoccormnc n ocdopHa kncennHa (UNEP/IFA
2001; Cnuka 1).

Co uen pa ce npousBeade docdopHa kucenuHa, docdarHata pyga ce
obpaboTyBa unm co cyBu mMeToau (Tepmuyka obpaboTka) mnu BnaxkHa mMeTtoga
(dbochaTHUTE Kapnn ce TpeTupaat co cyndypHa kucenuHa). CyBMOT TepMUYKK
MeToqd npousBenyBa efieMeHT ocop KOPUCTEjKM enekTpuyHa nayHa nedyka.
BnaxHnoT xemucku npouec wunm ,BrnaxeH Mpouec’, e LWMPOKO KOPUCTEH 3a
Npon3BoACTBO Ha (POCHOpHaA KMCennHa n Kanuuym cyndart — rnaBHO BO popma Ha

anxmapat (CaS04.2H,0) (peakumcka paBeHka 1).

Ca5F(PO4)3 + 5H,S0O4 + 10H,O — 3H3P0O,4 + 5CaS042H,0 + HF (1)

Co npepaboTkata Ha hocdaTHUTE Kapnu Co CyndypHa KUcenMHa ce cosgaBaar

NpoAYKTUTE o4 peaoT Ha pocdopHa kucenuHa un pocdorunc (Cnvka 1).
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KUCECJINHa

Cn. 1. MNoepHocTaBeHa WeMa Ha NPOTOK Ha PyAHUK 3a dhocdaT n
nocTpojka 3a pocopHa kncenuHa. PocdartHata Kapna ce MUHMPA,
npepaboTyBa 1 MeTanypLlkn ce TpeTupa 3a ga ce gobwujar
docdopHa KncenuHa n otnag o pyaHuK (T.e. OTnagHu Kapnw,
dochaTHM janosBuHK, hocdorunc, npouecHa Boaa)

OBOj MeTO4 Ha nMpPOM3BOACTBO BO MOMEHTOB coumHyBa Hag 90% of
NpPoOn3BOACTBOTO Ha dooccopHa KucenunHa. BnaxHWoT npouec € eKOHOMUYEH, HO
reHepupa ronema KonumyumHa ocdorunc. [okaxaHO € pfgeka 3a Cekoj TOH
npousBegeHa ocgopHa KncenuHa ce npomsseysa 4-6 t cysa maca Ha poccorunc
(8o npocek 5 t; USEPA, 2002). OgHocoT Ha maTepuvjanHata maca € ywTe norosiem
BO Mpakca nopagu cogpxuHata Ha Bnara BO (©boCcormncoT BO HeroBaTa CBEXO
obpaboTeHa cocTojba. Ha npumep, ocornncot nponsseaeH o npepaboTkara Ha
docpaTHaTa kapna Bo dropnga uma cysa maca o okosny 5,2 t 1 BnaxxHa maca of
6,5 t 3a cekoj npousBegeH TOH docdopHa kucenuHa. CerawHoOTO ro4ULLHO
Npon3BOACTBO Ha hocdormnc WmMpymMm CBETOT ce npoueHyBa aeka e okony 100-280
Mt rogmwHo (Jang et al., 2009; Parreira et al., 2003), og kou noseke of 25% ce
npounssenysaat Bo CALl. MeHo, BKynHaTa KonuynHa Ha npousseneH ocdorunc Ao
2006 roguHa ce npoLeHyBa feka e okorny 6 Munujapau TOHW, 04 Kou 2,2 Munujapau

ToHn (37%) ce npousBegeHn Bo CA[ (Mirzabaev et al., 2015). lNporpecusHuTe
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NPOMEHN BO perynatmBata 3a XMBOTHaTa cpeduHa, OcobeHO BO paMKuTe Ha
Esponckata yHuja Bo 90-TMTe roguHM Ha XX-MOT BeK M HeogamHa crnopes
JloHpgoHckaTa koHBeHUMja Ha MeryHapogHaTa nomopcka opraHusauuja (IMO, 1972),
ro sanperie ucnywtaweTo Ha ocdoruncoTr BO BOAHWUTE Tena, NpeansBuKyBajku
3HauMTErNHO noeeke (pocorunc ga ce cknagupa u 4vyBa Ha KonHo. PocdaTtHaTta
NHOyCTpuWja gaBa rofiemM NpuaoHec U BO HaUWOHANHUTE eKOHOMUN Ha MHOTY 3eMjy BO
pa3Boj. Bo MMHepanowkMoT cocTtaB Ha docdaTHaTa pyaa, Kako LTO € OnuLaHo of
pa3Hn uctpaxysadm (Carbonell-Barrachina et al., 2002; Oliveira and Imbernon,
1998), pomuHupa cdnyopanatutoT [CaioF2(PO4)s:CaCOs)], retut n kBapu, co manu
KonuumnHn Ha Al-docchatn, aHatac, marHeTUT, MoHauuT n Gaput. OTKpMEHM ce un
TELWKN MeTann n enemMeHTn BO TparoBu kako WTto ce kagmuym (Cd) un Huken (Ni), a
LUTO € MHOry BaXHO docdaTHUTE pyan ce NPUPOAHO BUCOKO PagVoaKTUBHU U
HWBHaTa PaAMOaKTVBHOCT MOTEKHYBA MMaBHO Off MPUCYTHWUTE KOHLeHTpaLmumn Ha 222U
n 22Th. MpupogaTa U kapakTepUCTUKUTE Ha JOBMEHUOT PocdOrunc ce noa CUIHO
BNMjaHMe Ha COCTaBOT M KBanuUTETOT Ha dpoccaTHaTa pyaa. PocdornncoT, Kako LTo
BMOOBME N MOrope o4 peakuuoHaTta paBeHka, rmaBHo, e CaS04-2H,0, Ho ncto Taka
MOXe [da coapXu HeumctotTum kako wrto ce H3PO4 Ca (HPO4) 2°H20,
CaHPO4.2H,0 n Ca3(POs4),, octatoum op kucenunn, dnyopuam (NaF, NaySiFe,
NasAlFs, NasFeFs n CaFy), cyndart, metanu Bo Tparm (Ha np. Cr, Cu, Zn n Cd) n
opraHcka MaTepuja O4 pedoT Ha anudaTMyHM CcoeduHeHuja Ha jarnepogHu
KACENUHN, aMUHW U KETOHW, 3arneneHn Ha noBpLUMHATa Ha TUMNCHUTE KpucTanu
(Rutherford et al., 1996). [loHaTamy, BnaxHata o6paboTka npean3BKKyBa
CENEKTMBHO OABOjyBake W KOHLEHTpauuja Ha npupoaHute paguym (Ra), ypaHuym
(U) 1 Topuym (Th): okony 80% og ?*°Ra e KoHLeHTpupaH Bo docdornncoT goaeka
ckopo 86% og U u 70% opm Th 3aepwyBaaT BO dyocopHaTa KucenuHa.
YTBpOyBakeTO Ha BUAOBUTE NPUCYTHU HEYNCTOTUN MOXE Aa Buae MHOry BaXkHO npu
AedvHMpane Ha ynpaByBaHheTO CO NpoLecuTe, OTNagoT U eKOMNOLKUTE NONUTUKN.
Bo nornep Ha (pu3MYKO-XEMUCKUTE KapakepmuCTUKM cakam fa noTeHuMpam geka

drocornncoT e maTepujan co roneMmHa Ha ouH BNakeH necok (BMam crnvka 2).

12



centimeters
5 4 3 2 1 0 1 2 3 4 5

llllllllII'llllllllllllll'llllllllI'IIIlIIIIIl Illlllll IllllllllllIIIIl|III|Illlllllllllll‘llll‘llll

Cn. 2. doccporunc

OuxngpaTHMOT pocdormnc ce coCTon NMPBEHCTBEHO O MHOTY (OUHU, periaTUBHO
MEKM KpUCTarHu arperaTtu, Yvja mopdponoruja 3aBucu of U3BopoT Ha dpocaTHaTa
Kapna n oA ycrioBuTe Ha peakuumja. MakcumanHaTta ronemMmHa Ha YeCTUYKkM Bapupa
oa npmbnmxkHo 0,5 mm (6poj 40 ronemuHa Ha cuto) go 1,0 mm (6p. 20 ronemuHa Ha
cnTo) 1 0bnyHo 50-75% op maTepujanoT nomuHyBa HM3 otBop oA 0,075 mm (6poj
200 co ronemunHa Ha cuto). OnceroT Ha rofieMMHaTa Ha 3pHata Ha AuxuapaTHUOT
docornnc ro knacuguumpa kako nodsa A-4 BO CUCTEMOT 3a Knacudukaumja Ha
nousata AASHTO20 (ASTM, 1994). Kapaktepuctukute Ha ¢occormncoT 3asucat
o4 npupogaTta Ha docdaTtHata pyda, BMOOT Ha KOPUCTEHMOT BfiaXXeH npoLec,
edmkacHocTa Ha paboTaTta Ha NnocTpojkata, MeToA4oT Ha OTCTpaHyBake, fnokalmjaTta
n gnaboyvMHaTa Ha genoHujaTa unu NpoCTOpPOT Kage ce ucgpna docdormncot
(Arman and Seals, 1990). ®ocdornncoT e npawkact Matepujan co Mana unu Hucka
MNacTUYHOCT M € COCTaBeH rMaBHO oA kanuuym cyndat guxuapaT (> 90% runc) n
HaTpuym dnyopocunukat (Na,SiFg) (Berish, 1990; Kacimi et al., 2006). Nopagu
npeocTtaHaTuTe pocopHN, CyNnPypHU N XMOPOPIYOPUYHN KUCESTMHN COApPXKaHU BO
NOPO3HMOT podhormnc, ce cmeTa 3a Kucen Hyc-npomnssog (pH<3). doccormncot oa
uUNTEPCKMOT C€noj obuyHo Mma cogpxuHa Ha cnobogHa Bnara o 25-30%.
BepTtukanHaTta xvgpaynumyHa cnpoBoanmBocCT Ha boccornncoT ce ABmxu nomery 1 x

10° n 2 x 10° cm/s (Senes, 1987). CnobogHaTta cogpXxmHa Ha Boga MOXe Aa

13



Bapvpa BO rofiema mepa, BO 3aBUCHOCT Of Toa KOSKy AONro My e [O3BOSIEHO Ha
docdornncoT ga ce ucueanm no oanarakeTo U of NOKanHUTE BPEMEHCKU YCITOBW.
PacTtBopnueocta Bo pocdornncoT 3aBucu of HerosaTa pH BpegHOCT M e MHory
pacteopnmB BO conieHa Boga (= 4,1 g/l) (Guo et al.,, 2001). HeroBata ryctnHa Ha
YecTuykn ce OBwxu nomery 2,27 n 2,40 g/cm3 (Senes, 1987), pogeka BkynHaTta
ryctmHa e Bo oncerot og 0,9 no 1,7 g/ cm3 (Vick, 1977; Keren and Shainberg, 1981;
May and Sweeney, 1984).

Op mopdbonowka rnegHa Todka, BO ©OcOrmncotr AOMUMHMpAaaT YEeCTUYKM CO
roneMmmHa wro ce aswxu nomery 0,250-0,045 mm Bo gujameTtap (May and Sweeney,
1984), a cé BO 3aBMCHOCT 0Of W3BOPOT Ha pocdaTHaTa Kapna M ycnosuTe Ha
peakuunjata (Becker, 1989). onaxaHo e geka ¢pocdormncosnte nmaat mspaseHa
KpUcTanHa CTpyKTypa, NPeTexHo of poMObuyHn n xekcaroHanHm gopmun (Milos and
Dragan, 2003). Xemuckmnot coctaB Ha [N og pasnuyHM n3BOpU € HaBedeH BO

Tabena 1.

Tabena 1. KoHUeHTpauuja Ha rnaBHUTE eneMeHTH BO NpoMepoumn Ha pocdorunc o,
Benec (P. C. MakegoHuja) n Hekon apyrn pernonun (El Zrelli et al., 2018); Bo % wt)

EnemeHT | TyHnc® | Mapoko® | Amxup® | Erunet® | Typumja® | Bpasun' | Jopaar® P.C.
MakepgoHuja"
Cao 32,80 38,14 31,18 32,13 32,04 37,05 29,16 28,8
P05 1,69 0,69 0,87 1,82 0,50 nd 5,43 0,47
SiO, 1,37 0,86 0,88 8,78 3,44 1,39 4,95 8,22
SO, 444 48,12 40,90 37,60 44,67 nd 42,13 41,7
Al,O4 0,11 0,19 0,10 0,29 0,88 0,14 0,32 0,12
Na,O nd 0,17 1,32 nd 0,13 nd 0,76 0,05
Fe, O, 0,03 0,21 0,03 0,35 0,32 0,89 0,18 0,08
MgO 0,01 nd 0,06 0,09 nd 0,30 0,14 0,01
KO nd 0,01 nd nd nd nd 0,03 0,02
F 0,55 nd 1,20 0,80 0,79 0,20 8,50 0.40

nd - not determined, *El-Taher, 2007; "Renteria-Villabobos et al., 2010; *Kacimi et al., 2006;
°Degirmenci et al., 2007; 'Da Conceico and Bonotto, 2006; 9 Abuqubu and Maysoon, 2017; hJancev et
al., 2019

Cnopepq oBue nogartouu, rmaBHUTE KOMMOHEHTU BO dhocdormncoTt ce ce CaO,

cyndatn (n3paseHun kako SO3), SiO,, Al,O3, Fex03, P2Os n F.

Tabena 2 ja nokaxyBa cogpxuHata Ha Tparm BO MeTtan (apceH, cpebpo,

Gapuym,

KagMuym,

XpOM,

OJ10BO,

docdormncoBm o, pasnuyHn NoKanuTeTu.

XuBa U CeneH)

BO (mg/kg)

BO HEKOU
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Tabena 2. KoHueHTpauumn Ha enemMeHTMTe BO Tparm Bo hocdormncoT og
Penybnuka CeBepHa MakenoHuja n Hekou gpyru 3emju (ppm)

EnemeHT TyI;II/IC MapbOKO Bpacswnl Jopéan C. MakenoHuja®
Zn 137 8 7,5 56,97 40
Cu 9,6 21 4 - 9
Cr 13 20 2,5 31,22 18
Pb 0.90 6,2 11,5 - 19
As 1 - - - 4
Ag 0,44 - - - 0,6
Be 0,05 - - - 0,1
Mn 3 - - - 2
Bi 0,02 - - - 0,1
Co 0,3 - 0,93 4,30 0,2
Cs 0,05 - - - 0,05
Ga 0,87 1 - - 0,75
Ge 0,17 - - - 0,2
Tl 0,38 - - - 0,15
Hf 0,10 - 5,6 - 0,38
In 0,005 - - - 0,05
Mo 1,86 - - - 1,56
Nb 0,80 1 - - 0,42
Ni 4,10 1 4 13,46 15
Rb 0,60 2 - - 0,5
Sb 0,09 - - - 0,9
Sn 0,20 - - - 0,25
Ta 0,07 - 4,3 - 0,02
V 3 4,7 - 41,59 3
W 0,2 - - - 2,18
Zr 2,6 6,2 10 - 15,5
Y 53,2 144 - 21,20 39,6
La 46,3 86 100 12,87 24 51
Ce 74,4 - 200 - 33,54
Sc 0,2 - - - 0,2
Th 0,74 - 43 - 0,75
U 1,6 8,3 3,43 25,17 2,63

3E| Taher et al., 2007; "Renteria-Villalobos et al., 2010; °Da Conceicao and Bonotto, 2006;
dAbuqubu and Maysoon, 2017; “Jancev et al., 2019

OBuve enemeHTN Ce Ha CNUCOKOT Ha MOTeHUMjarnHO TOKCUYHU efneMeHTU Ha
AreHupjata 3a 3awTuTa Ha xuBoTHata cpeguHa (EMA). Moxe ga ce Buau geka
dpocornncoT reHepanHo MMa BUCOKa BKynHa cogpxuHa Ha Ag, Au, Cd, Se, Sr,
HEKOM JNEeCHU enemMeHTu of peTkn 3emjuwTta u Y. AreHumjata 3a 3awtmrta Ha
XmnBoTHaTa cpegmHa (USEPA) ro knacudumuymnpana gocornncoT Kako ,, TeXHOMOLLKM
noaobpeH paguoakTMBeH Martepujan wTo ce nojasyBa npupogHo“ (TEHOPM)
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3apagm NpuUcycTBOTO Ha paguyMm, YypaHUyM U HUBHUTE NPOAyKTU Ha pacnag (Tayibi et
al., 2009). MIMeHo, Co CUrypHOCT e NoTBpAeHO Aeka 80% og “*°Ra, 90% oa '°Po
20% oa *®U u ?*U npBuuHO npucyTHM BO dpochaTHaTa Kapna OcCTaHyBa BO
docornncot, a °Ra e HajBaXHWOT U3BOP Ha PaAMOaKTUBHOCT BO hocornncot
(Rutheford et al., 1994; Bolivar et al., 2000). WMako ynoTtpebata Ha doccorunc
NPOAOIKYBa BO HEKOM OENOBM Ha CBETOT, 3arpmXeHOCTa 3a HeroeaTta CoapXXuHa Ha
pagnoakTMBHOCT M BO MOMana Mepka COApXMHaTa Ha Telku MeTanu, gosena Ao
orpaHuvyBakwe Ha ynotpebarta Ha docdorunc Ha Hekon nasapu (IAEA, 2013). Bo
O[HOC Ha pafMOaKTMBHOCTA, Kako LUTO CrOMeHaBMme norope, ocdormncoT coapxu
pernaTvBHO BWCOKW HVBOW Ha PaaMOHYKNMAM Of cepuwjata Ha ypaHuymot (22U u
210Po), NPUPOAHO NPUCYTHU BO (pocdaTHaTa kapna. Bo 3aBUCHOCT o KBanNUTETOT Ha
N3BOPOT Ha kapnute, OoCHOormncoT Moxe fa cogpxu gypu 60 natv noseke of,
HOpManHUTEe HMBOa nMpoHajaeHn npen obpabotkata. Cnopen gocerawHuTe
npoy4dyBaka 1 Co3HaHuja 3abenexaHa e Wnpoka Bapujaumja Ha KOHUEHTpaLMMTE Ha
akTMBHocTa Ha °Ra (og 15 pmo 1140 Bqg/kg 3a liBeacka u ®nopuaoa-CAL,
COOABETHO), LITO MOXe Oa ce Mnpunuwie Ha npupoaarta Ha docdaTHaTa Kapna,
anabounHaTa Ha 3eMarbe Ha MPUMEpPOLMTE M eBeHTyanHaTa murpaumja Ha “°Ra
(Duefias et al, 2007). **Ra npu cBOjOT npupodeH paavoakTUBeH pacnaj
npousBedyBa padoH rac (*’Rn), Koj uma KpaToK NOMYXMBOT of 3,8 AeHa,
WHTEH3MBEH KanauuTeT Ha 3padere M NpeansBrKyBa 3HAYMTENHO OWTeTyBawe Ha
BHaTpewHute oprann (USEPA, 2002). Tokmy 3apagu oBaa npudnHa, USEPA ro
knacuduuympana gocgormncor kako TEHOPM, a docdoruncosute uuja
pagmoaktmBHocT HagmuHyBa 370 Bqg/kg ce 3abpaHeTu 3a cekakBa ynoTtpeba of
cTpaHa Ha USEPA ywTte oa 1992 roguHa.

YnpaByBaweTOo, OAHOCHO, MeHauupaweTo Ha ¢ocdoruncot BO nornes Ha
HEroBOTO BfMjaHWe BP3 XMBOTHATa CpeAuHa € efeH 04 HajcepuosHuTe npobremu
BO MOMEHTOB CO KOW Ce coodyBa uHOycTpujaTa 3a docdatn. Camo 15% of
CBETCKOTO NMpOM3BOACTBO Ce peuunknupa, gogeka 85% ce cknagupaHu Bo 6nm3sunHa
Ha ¢abpukute BO KpajbpexHute permoHn. CknagmpaweTto Ha docdornncoT 6e3
NpeTxodeH TpeTMaH 3adaka ronemMm KOMHEHM MOBPLUMHM M MOXe [a npenu3Buka
Cepuro3Ha eKkosoLLKa KOHTaMMHaLumja Ha NoYBuTe, BogaTa u atmocdeparTa.

HeratneBHuTe BnuvjaHuja Bo atmocdepaTa moxat ga bwuaat npegussBukaHu o
eposunjata Ha coccormncHmMTe KynoBu U ocriobogyBawe Ha BUCOKO 3aragyBaudku

CyrncTtaHunu, Kako pe3yntaTt Ha NpucycrtBOTO Ha OMaCHU uncnapyBalka KOU copgpXat
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TEeWwkKn mMeTanu, cyndatu, dnyopocunukaTti, Bogopoa dnyopuan (Szlauer et al.,
1990) u cocdop, kagmuym n **°Ra (Marvic and Sencar, 1995). ATmocdepckute
areHcM MoXaT [fa ja npeHecaT eBeHTyanHaTa KOHTaMuMHauujata BO cocegHuTe
obnactn. Bo npunor Ha oBue TBpAewa ogaT OpojHuTe CTyauu Kage e NoTBpAEHO
BIMjaHMETO Ha paanoHyknuamTe BO dpocdormncoT. Taka Ha npumep, Bolivar et al.,
(2000), sakny4nne geka 90% oa Po n Ra npBu4yHO npucyTHM BO dhocdaTHaTa Kapna
ocTaHyBaaT BO hocormncoT, AoAeka npeoctaHaTMoT npoueHT Ha U e aaneky noa
20%. Taka, HajroneMuoT noTeHuujarneH npobnem Ha OANOXEeHUTe KyrnoBM Ha
cdocdorunc e pagoHoT (**’Rn) koj e NpoaykT Ha anda-pacnagot Ha *°Ra. PagoHoTt
€ pagmoHyknua knacuduumpan og ctpaHa Ha USEPA kako kaHueporeH og rpynata
A 3a YOBEKOT, a uMe 3aefHNYKO NPUCYCTBO co 2*°Ra Bo hocdhornncoT [oBeno Ao
3aKOHCKO perynupame Ha oTcTpaHyBake Ha ¢ocdornncoT cnopen HaumoHanHute
cTaHgapan 3a emucum 3a onacHu 3aragyBadm Ha Bo3gyxoT (NESHAP) wu
HaumoHanHuTe cTaHOapaM 3a eMucuja Ha pajoHCKa eMucmja of UcTanoxeHute
docornncosun (Federal Register, 1999). Ynotpebata Ha doccorunc, co Hag 370
Bag/kg *°Ra, kako 3emjogencka noysa e orpaHudeHa on EPA. Wcto Taka,
MaKcMManHaTa perynatopHa rpaHuua 3a ecxanaumja Ha 2?Rn (rycTuHaTta Ha dnykc
on %?’Rn rac WwTo Brerysa Bo aTMocdepaTa o NoBpLUMHATa Ha MaTepujan co “°Ra
Kako Hoceuykum martepwujan) e ytBpaeHa Ha 0,74 Bg/m?s cnopen EPA (1998). Tyka
cakam noTteHumMpam [eka BO OBOj norneq uctpaxyBawata Ha Mas et al., (2006) Ha
dOCGHOrMncHU janosBuLLTa fnoumpaHn Ha coneHn modypuwTta Bo Xyensa (LLUnaHwuja)
nokaxane geka cogpxat okony 100 Mt gpoccormnc (nospumHa og npmubnumxkHo 1200
ha co npoceyHa BuCMHa o4 5 m) n 0BUYHO He ce LenoCHO BOAOHENPOMNyCHU Na Aypu
N NOKPUEHM CO HEKO] MHEPTEH MaTepwujan, LWTO AOBESO [0 NOKarHO HMBO Ha rama
3paver-e nomery 5 1 38 natn noseke oA HopmanHata cranka (0,74 Bg/m?s), nogeka
nak mepewara Ha CRIIRAD (Chayeyron, 2007) Ha ekBMBaneHTHa [o03a Ha efeH
KBagpaTeH MeTap noysa nokaxane pesyntart o4 2-7 natu norofiem o HopmanHaTta
ctanka. OBue pesyntatu co Apyrn 360poBu 3HaYaT geka 9 MUHYTU U3NOXEHOCT Ha
[EeH e eKBMBaNeHTHO Ha akymynupaHa gosa noronema o 10 mSv / roguiiHo, WTo
NaKk e BpedHOCT Koja e pJdaneky Hag npenopadaHata CBeTOBHa rpaHuua Ha
nanoxeHoct og 2,4 mSv/rognwHo (UNSCEAR, 2000) u moxe pa npetcraByBa
3[paBCTBeHa 3akaHa 3a paboTHuLMTe Ha nokauujata unm 3a nyreTo LITO XuBeaT BO
6nuanHa (EURATOM Council Directive, 1996). [deka He e ce wucto pfanu

(*)OC(*)OFI/II'ICHVITG oanaranuvuTa WUrn janosmmTa ce OoCTBaaT He3allTUTEHU Unn ce
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3awTuTyBaart (pekyntmBmpaar) notepaune pesynrtatute Ha Duejas et al. (2007) koun
M3BpLUMIE Mepetba Ha ecxanauvja Ha “?’Rn Bo nepwuop moronem of 24 yaca Ha
aKTUBHU (POCKOrMMNCHU janoBuLLITa U Ha PEeKyNTUBMPAHU HeaKTUBHU (POCHOrnncHu
janosuwTa. ImeHo, ecxanaumjata Ha 22Rn of akTUBHUTE (POCHOrUMNCHM janosuwTa
(0,523 Bg/m?s) 61na aBanaT NOBKUCOKa Of OHaa Kaj HepeKyNTUBMPaHWUTE HEAKTUBHM
janoBuwTa, godeka ecxanauujata Ha ??Rn Ha pekynTvBMpaHuTe ocdOorvncHm
janosuwTa 6Guna ocyMm natu nomana of OHaa Ha akTuBHWUTE janosuwTa. EgHa o
nogpacTuyHUTe cueHapuja e oHa kako Bo Kopeja kage dpocornncoT reHeparnHo ce
KOPUCTW 3a NPOU3BOACTBO Ha Mnoyv 3a usrpagba Ha Kyku, CO LITO Ce MU3noxysaat
nuuaTa BO 3aTBOPEHUTE NPOCTOPM Ha MOTEHLUMjanNHO paamnosiowwKko BnnjaHme (Jang et
al., 2005).

HeratnBHuTe BNujaHunja Bo popma Ha KOHTaMuHaumja, OOQHOCHO, 3aragyBara Ha
BOAUTE WM MOYBUTE Ce BTOPOTO Mpallare LITO MpeTCcTaByBa 3arpuxeHocT 3apagu
MOXHOCTa 3a UcnyLwTawbe Ha onacHU enemeHTn og ¢occorMncoT Bo 0BME Meanymum
(May and Sweeney, 1982; May and Sweeney, 1983; Carter and Scheiner, 1992;
Berish, 1990). buaejkn otnagoT BO BUA Ha dhocormnc reHepasnHo ce TpaHcnopTmpa
N OTCTPaHyBa Kako BOAEHa KallecTa Maca, Ha poCcormncH1UTE janosuLTa MoXxe ada
BNujaaT NIMMHUTE Bapuvjauun 1 Aojae Ao pactBopame/ncuenyBare Ha efieMeHTuTe
NPUPOOHO MPUCYTHU BO docdoruncoT. PacTBOpeHUTe eneMeHTu Moxe aJa ce
AenoHMpaaT BO OKOSMHWTE MOYBM MMM [a ce NnpeHecaT BO BOAUTE, HO CeKako M BO
xmBute opraHmammn (Reijnders, 2007). MeryHapogHO nponuvwaHata rpaHuua opf
EBponckata atomcka komucuja (EYPATOM) e 500 Bq/kg (Sunil, 2002; EURATOM
Council Directive, 1996). Uanyxnueocta Ha **°Ra op janosuwTtaTa Ha docdorunc
B6una npoyyyBaHa of MHOry Uctpaxysadu. Taka Ha npumep, Haridasan et al. (2002),
crnpoBene UCTpaxyBawe CO uUcnupawe Ha npumepouun on docdorunc og Koun,
WHauja, kopucTtejkn gectunupada soga (pH = 6,0) u goxgosHa Boga (pH = 5,0-5,8)
Kako ucuegoum BO pPasfiMyHO BpPEME Ha KOHTaKT U YCroBM Ha COOAHOC LBpcTa
MaTepuja/TedHocT. JlabopaTtopuckuTe pesynTtaTu nokaxane geka JoXAoBHaTa BoAa
ncueauna nomanky 2?°Ra (0,09-0,28 Bqg/kg) on AectunupaHa Bopa (0,08-0,38
Bq/kg). Kora cocornncor 6un n3noxeH Ha NpUpoLHM BPEMEHCKN YCNOBU (40XA),
MakcuManHaTa akTMBHOCT Ha 2°Ra Bo wucuepokoT 6una 0,53 Bg/kg, foaeka
MUHUManHaTa usHecyeana 0,07 Bqg/kg. MosekeTo BpeaHocTM Ha *°Ra yTBpaeHu Bo
nucuegoumTte ja HagMmuHane rpaHudHata BpegHoct og 0,1 Bg/kg nponvwaHa of

MHanckoTo 6upo 3a ctaHaapam 3a Boaa 3a nuewe. [poydyBarwaTa nak Ha Azuazi et
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al (2001) nokaxane Aeka MpoceyHaTa cTanka Ha ucnvpawe Ha 2°Ra of 26,4%,
MOXe Ada ce Hamanu Ha 6% kora ognoXeHnoT cocdormunc NnpeTxoaHo 6un kanuu-
HupaH Ha 800°C. Kora kanuuHupaHunoT cocdormnc 6mun manyxeH co 3akucerneHu
BoaHu pacteopy, HCI (4 N) unn HsPOy4 (22,1 N), He 6un oTkpueH °Ra. AHanusata
Ha npumMepok o Boga on obrnact 6muM3y OO0 PyAHMKOT 3a doocdaT oTKpuna
npvicycTso Ha 0,2 B/l ?°Ra, wTo e noa 6e3benHaTa rpaHnLa Ha paanyM BO BOAUTE
on 1 Bg/l**Ra.

MpoyyyBakaTa Ha MurpaumjaTa Ha paguoHyKNuan of janoBuwTaTa Ha
docdornnc Bo drnopuga (3emareTo Nnpumepoum 6muno og ByHapuTe 3a MOHUTOPUHT
BO MOBPLUMHCKMOT BOAOHOCEH cnoj 6nu3dy o janosuwTaTta Ha docdorunc mn Kaj
noctapuTe janoBuwiTa Ha oornnc) nokaxane geka pacTtBOpUTE Ha janoBuwlTaTa
Ha dhocornnc ce KapakTepuampaaTt co MHory Hucka pH BpegHoct og 2,43 + 0,10,
BMCOKa jOHCKa jadnMHa M BUCOKA BKYMHa COAPXXUHA Ha pacTBOPEHMU LIBPCTUM MaTtepuu
(~ 18,700 pg/kg), mooeka BogaTta Ha BOLOHOCHMKOT OKOMy janoBuwiTata umana
MOHMCKA NpOCeYHa COAPXXMHA Ha pPacTBOPEHW LUBPCTU MaTepum BO OPraHnM3moT
(okony 3.300 pg/kg) n pH BpeagHocT oa 6,33 £ 0,65, cnopeanuea co HopmarnHaTta
BPEeAHOCT Ha noa3emMHuTe Boam Bo obnacta (Burnett and Elzerman, 2001). Ona wto
€ ylWTe MOBaXHO Kaj OBME MCNUTyBaka OA pafMoxXemMmucka rnegHa Todka 6uno
yTBPAEHO [eka pacTBoOpuTE BO janoBuULITeTo Gune 36orateHu noseke co 222U (10-17
Ba/l), 222Rn (300-1.200 Bq/l) n 210py, (7-70 Bqg/l) oa BogaTa BO BOAOHOCHUKOT. Bo
oaHoc Ha *?°Ra, cneumduyHaTa akTMBHOCT BO TEYHOCTA Ha janoBULLTETO Guna Mana
(0,1-0,2 Bq-l'1), HO MarkKy noronema o HopmanHarta BpedHOCT Ha NoA3eMHuTe
Boaun. lNMoHaTamy, NoBeKeTo pacTBOpWM Of janoBuwTata Ha docdorunc nokaxane
nomana akTvBHOCT Ha 2?°Ra npw LUITO BO HUTY efeH Crnyyaj He ja HagMuHane
cTaHJapAHaTa BpeaHocT Ha 2?°Ra Bo BogaTa 3a nuetse (~0,2 Bag/l; USEPA, 2000).
MeryToa, BO cny4aj Ha aktuBHocT U 6un HagmuHaTt ctaHgapgor ,6pyto anda“ (~0,6
Ba/l). Og gpyra cTpaHa, mogenupakweTto Ha paguoxemujata Ha U, Pb n Ra Bo
XUBOTHaTa cpefuHa nokaxarno [eka BO paMKuTe Ha janosuwTtata Ha dpocdorunc
OBWE pPagvoHYKNUAuM rnaBHoO 6une BO popmMa Ha Komnnekcu co cyndat u docdar,
KOW ce penaTuMBHO MOABWXHW BMAOBM Ha pacTBOpu Ge3 MOfHexe unm co HeraTuBeEH
nonHex. MeryTtoa, kako wWTO ce 3ronemyBano pH-To noag janosBuwTeTo,
npeumnuTaumjata Ha MNOBEKEKOMMOHEHTHUTE UBPCTU pa3n crnpeyurie noronema
Murpaumja Ha oBMe pagMoOHYKIMAM KOH BOAOHOCEH CNnoj BO AnabuHa. MNMoasmxkHocTa

Ha mMeTanuTe of doccaTHUTe Kapnu Ao PocdoruncHUTEe janoBuiTa U nomatamy
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KOH peyHuTe TekoBM Ouna petanHo npoydeHa opn Pérez-Lopez et al. (2007).
HuBHUTE pe3ynTaTm Nokaxane Aeka npoydyBaHWTe MeTann edumkacHo ©Oune
npeHeceHn of gpocpatHata kapna 40 POCKHOrMnCHOTO janoBULLITE Kako MOOWHa
dpakumja, co npoceyeH aktop Ha npeHoc o 140 = 22%. Wcto Taka,
UCTpaxyBarata MnoTBpaurne geka BKynHUTE MobunHu cogpxuHu Ha Cu u Ni o
docatHata kapna u cogpxuHute Ha U u Ni og docdoruncHMotT otnajg
3aBpllyBaaT kako 6GuogoctanHa dpakumja. MNMoHaTtamy, 3apagn M3NOXeHOCTa Ha
janoBuwTata Ha GOcdOrMncoT Ha BPEMEHCKATE YCIoBW, edryeHTUTe LWTO
npousneryBaat of JIyXeweTO Ha OBMEe janoBuwTa, MCTO Taka, MoxaT jJda
npeTcTaByBaaT rofieMuM KOHUEHTpauum Ha oBMe MeTanu. 3emajku ja npensua
BKynHaTa Maca Ha doccorunc (100 Mt), ce npoueHyBa geka metanu pacTBOp/nBK
BO Bofa ocnoboneHn Bo peyHuTe kopuTta ce: Ba (6509 t), Zn (6726 t), Ni (232 t), Cu
(1158 t), Cd (667 t) n Sr (54219 t). OBa 3HauYM cepuo3Ha KOHTAMMHaLUMja Ha
BOLEHUTE TEKOBW, KOja MOXe [a Cce npowvpu Ha MorosieMu pacTtojaHuja.
ManyxnueocTta Ha Cd, Cu, U n Zn Bo cupuckn cdocdorunc buna npoyvysaHa og Al-
Masri et al., (2004), a pesyntatute nokaxane geka Zn, Cu, Cd n U ce HajnecHo
npeHecyBaHUTE efleMeHTN BO BoAeHaTa (pasa, Co NpouUeHT Ha npeHoc of 97, 68, 57
n 31%. Bo ogHOC Ha eheKkToT Ha ronemMmnHaTta Ha YeCcTuYKuTe, PUHUTE YeCcTUYKn (45-

75 um) gane penatmBHO Bucoka pacteopnusocT (Lysandrou and Pashalidis, 2008).

TpemmaH Ha ghocghboauricom 3a pasfnuyHuU aniaukauuu

Co ornep Ha ropecnoMeHaTuUTe KapakTepUCTMKU Ha dhocdormncoT (noseke of
95% e CaS042H;0) n HeroBnoT NpuBNEYEH EKOHOMCKM MOoTeHuujan, Kako |
KOHTMHYMPaHO 3rofieMyBake Ha 3arpmKeHocTa 3a 3arafyBarbeTO Ha >KMBOTHaTa
cpedvHa, BO AEHelWHO Bpeme MOCTOM rofieM WHTepec 3a HeroBa ynoTtpeba Kako
anTepHaTMBHa CypoBMHa 3a MHory annukaumm. Camo 15% op cBeTcKkoTO
NPOM3BOACTBO Ha dhoccorunc ce peuunknupa Bo opma Ha rpagexHu matepwujanu,
3emjogerncku rybpuBa wmnu gogatoun 3a ctabunmsvpawe Ha MNoYBUMTE U KaKo
KOMNOHeHTa BO npou3BoAcTBOTO Ha [loptnaHg uemeHT. OctaHatute 85% ce
ognaraat BO janosuwTa 6e3 HukakoB TpeTmaH. OBOj HycnpousBog obBU4YHO ce
ncppna Ha ronemMu janoBMHCKM ofnaranuiita U3noXeHn Ha BPEMEHCKM npoLlecu u

KoM 3ad)al'<aaT SHaYUTENHN NOBPLWNHN N TNpean3BukKyBaaT CEPUO3HU EKOJIOLLKU
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WTEeTn (XemMmucka M pagmoakTMBHA KOHTaMMHauumja), ocobeHO BO KpajopexHuTe
PErNOHN.

dochornncot ce KOpUCTU BO WMHAOYCTpWjaTa Ha LEMEHT Kako peryrnatop 3a
nocraByBarwe HamecTo npupogeH runc (Akin and Yesim, 2004) n Bo nHgyctpujata
Ha runc 3a NPou3BOACTBO Ha runc mantep. docornncot UCTo Taka ce KopucTen u
Kako 3emjodencko rybpumBo wunmM agutuB 3a ctabunusaumja Ha nodearta
(Papastefanou et al., 2006; Degirmenci et al., 2007 rogunHa; Reijnders, 2007), n kako
aKTMBaTOp Ha peakuujata nenen-sap CO LUIMPOKa NpUMeHa BO NMPOU3BOLACTBOTO Ha
rpagexHn matepujanm (Weiguo et al., 2007). BkynHata ynotpeba Ha cdocdoruncoT
BO rpagexHu martepuvjanu BepojaTHO € paneky noa 15% of  cBeTckoTo
npounssoacteo Ha PG (Kelly et al., 2002). Bo CoeanHeTnte AmepukaHcku [pxasu
oBaa ynoTtpeba 6una 3abpaHeta Bo 1990 roauHa (Federal register, 1990), nooeka
BO EBponckata YHuja TakBaTta ynotpeba 6una npeknmHata Bo 1992 roguHa.
MpncycTBOTO Ha NpuMMecu (HEYUMCTOTUKM) AOBEeno A0 MHOry orpaHuyyBaka 3a
noTeHuujanHuTe npumMeHn Ha docdoruncoT. [lpoydyBawaTa MoKaxarne pfeka
docatnte n nyopuante ro oanioxKysaaT BpPEMETO Ha 3auBpcHyBawe U o
HamMmanyBaaT pPaHWOT pas3BOj Ha LBPCTUHA Kaj LEMEHTOT, a OTKPMEHO € W [eka
penaTMBHO BMCOKO HMBO Ha AIFs? HeraTWBHO BRMjae Ha HEKOMKy acrnekTu Ha
dopmupareTo Ha Kpuctanute Ha runc (Koopman, 2001). Bo Taa Hacoka, 6pojHu
NUCTpaxyBadn npernopayane npouecu 3aCHOBaHW Ha MUene, cyllene, (OU3NYKo-
Xxemucka obpaboTka M TepMumyka eKkcTpakuuja 3a ga ce kopuctu ¢ocdornncor.
MeTooute 3a TpeTMaH Ha (OC(Oormnc Kowm BKIydYyBaaT XEeMUCKM WUNU PU3NYKK
MeToaMn, a ce cO uen ga ce Hanpasu docdornncot GesonaceH M norogeH 3a
NOOOLHEXHN  annukauuu, HajuecTo Cce  MUere, BfaXHO npocejyBame,
HeyTpanuanpake CO Bap W TpeTMaH CO MellaBuHa of CyndypHa KucenuHa wu
CUNUUMYM ONOKCUA UMW Bpenu BOAHW pacTBOpPM Ha amMoHWyM cyndat. VcTo Taka,
MHory fobpwu pesyntatn 6une gobueHun co Tpetuparwe Ha ocdornncoT co BoAeH
pacTBop Ha aMmoHnyM xuapokeung (5-20%) koj ja Hamanun cogpXxmHata Ha dpocdat m
dnyop, Taka WTO TpeTupaHuoTt docdorunc craHan coonBeTeH 3a ynotpeba BO
nHgyctpujata 3a uemeHT (Manjit et al., 1993). Cenak, pesynratute o[
UCTpaxyBawaTa MoKaxane [fJeka HajgobpuoT UM HajeBTUHMOT MeTod  3a
npoYncTyBake Ha pocdormnc e co Mmerwe co Boaa, npocejyBarse H13 100 MUKPOHHM
CUTO, a NoToa N HeyTpanuanparwe co Kanumym xuapokeng (Al-Jabbari et al., 1988).

onem 6p0j Ha UCTpaxyBayin CBOUTE UCTPaxyBawa NM Haco4umne KOH TEPMUYKMNOT
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TpeTMaH Ha dpocdormncoT. HMBHUTE UCTpaxyBawa NOTBpAUNE OeKa TpeTUpaHuoT
docdormnc Mma nomMasriky HeYncToTuM o HeTpeTUpaHuMOoT MaTtepujan Wn aeka
TepMmnykaTa obpaboTka Ha ocormncotT He camo LUITO OBO3MOXYBa MHepTU3auuja
Ha nNpuMmecuTe (HEYMCTOTMMTE) TYKY U NPOU3BOACTBO HA aHXMOPWUT KOj MMa LUMpoOKa
npYMeHa BO NPOM3BOACTBOTO Ha rpagexHu maTtepujany u Hayctpujata 3a LeMeHT.
Taka Ha npumep, Npu NpMMeHaTta 3a rpageXXHULITBO pasfnnyHn aBTopu npeanoxune
pasnu4HM TemnepaTypu 3a NPOU3BOACTBO Ha aHxMapuToT. MIMeHo, 6uno passueHo
NPOM3BOACTBO Ha CTabwneH, aHXMAPUTEH LEMEHT CO BMCOKa LBPCTUHA cropea
aMepuKaHckMTe cTaHgapam npu wrto dopdormuncot 6un nanoxeH Ha 500, 600, 700,
800, 900 n 1000°C 4 vaca, a no nageweTo, A4obBUeHNTE pasnnYHN aHXnagpuTn bune
MeneHn Bo MenHuua co kyrm (Manjit and Garg, 2000). [lNpoyyyBawaTta co
peHgreHcka gudpakumja (X-3paum) N CKEHUHI efIeKTPOHCKa MUKPOCKOMMja nokaxane
Aeka onTumanHaTta TemnepaTypa 3a MNpOM3BOACTBO Ha cTaburneH aHxugpuT of
otnag Ha gocdorunc e 1000°C, kako 1 geka aHXMOPUTHUOT LEMEHT NPOM3BEAEH 0
docdornnc nma MnoHUCKN eHepreTckn nobapyBawa of ApYyrute TpagauuuoHanHu
rpagexHn martepujanu. [JogaBaweTO Ha HEKOMKY BWMAOBM XEMMUCKM akTMBaTopu
(HaTpuym cyndart, xeneso cyndar, amoHnym cyndat, kanuym cyndart, Kanuym
ANXPOMAT, Kanuuym Xnopua u Kanuumym XuapoKcua) nokaxano Aeka jadmHata Ha
Komnpecwuja ce nogobpuna BoO cuUTe criydanm CO BPEMETO Ha CTBpPAHYBake W rMaBHO
m HagmuHana CA[Ll CtaHpgapaHuTe rpaHnyHu BpegHoctn o 17 MPa 3a 28 geHa, a
cenak MakcumanHara jadmHa Ha nputucok (38,90 MPa) 6una gobueHna co ynotpeba
Ha mewasnHa o Na;SO4 n FeSO4 kako aktmBatopu (Zielinski, M. and Cyrkiewicz,
1994). HewTto nogouHa (Manjit and Mridul, 2005) 6uno koHcTaTMpaHo [Aeka
aHXMOPUTHMOT ManTep Npom3BedeH co 3arpeBane Ha pocgorunc Ha 1000 °C 3a 4-5

Yaca MOXXe Oa ce KOPUCTU 3a Npomn3BoaCcTBO Ha NMOAHU MITOYKN.
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Il. COCTOJBA CO TNO3HABAHKETO HA TIPOBJIEMOT 3A PABOTA U
MPEMEQ HA INTEPATYPA

Mpen pa npuctanam KoH u3paboTkaTa Ha oBaa Tema 3a pabota BO
AOKTOpCKaTa gucepTrauuja, jac kKako KaHauaaT geTanHo ro 3anosHaB nNpegMeToT Ha
paboTa n geTanHo ce 3ano3HaB CO CUTE acrnekTu Ha oBaa Tema.

dabpukaTa 3a BewTaydkn ryépmea ,Xemucka nHagycrtpuja Benec® (ckpateHo u
camo kako ,XVB“) pabpurka 3a npom3BOACTBO Ha BewTa4vku rydpmsa Bo 65mM3mHa Ha
cenoTto 3rpononuu, Bo cpeaulHnoT gen Ha MakegoHuja, Bo HernocpeagHa 6rv3nHa
Ha pekata Bappap. ®abpukaTta e ogaaneyeHa okosy 12 KMnomeTpu jyroMcTouHO oA
rpagot Benec, ogHocHo okony 15 kunomeTpu o TonunHMuaTta 3a ONoBO U LIMHK
,MXK 3netoso“ (Cn.3).

[MocTpojkaTa 3a hoctopHa KMCENNMHA BO paMKuTe Ha ,XemuckaTa nHayctTpuja
Benec” 3a nps nat 6una orBopeHa Bo 1979 rogmnHa. CnegHata rogmHa Bo heBpyapu
3anoyHano npoumsBOACTBO Ha MOHO-amoHuym doccat (MAP), a kanauuteToT 3a
npoun3BoACTBO Ha rybpuBa 6un otBopeH Bo Maj 1980 roguHa.

dabpukata npecranana co pabota Bo jyHu 2003 rogmHa. OTTorawl, Hajronem
aen o onpemata n objekTute BO uenaTta dabpuka ce pyMHUpaHW, YKpageHwu u
YHULLTEHN.

dabpukata npBeHCTBEHO Owuna u3rpageHa 3a ga ja KopucTu cyndypHarta
KncenuHa wTto ce pgobuBana BO MeTanypruckMOT KOMMSIEKC Ha KOMOMHATOT
TonunHuua 3a onoso 1 umHk ,MXK 3neTtoBo“ kpaj Benec.

(MaBHOTO NPon3BOACTBO Ha (habpukaTa bune:

e [lpousBoacTBoO Ha pocdopHa KucenmHa
e [lpon3BoAcCTBO Ha MOHO-aMOHUYM doocdaT
o [lpon3BOACTBO Ha BewlTa4yku rybpusa

KanaumMteTtoT 3a npou3BOACTBO Ha (pocdopHa KucenuHa 6un npoekTupaH Ha
50.000 ToHM no guxugpaTHa nocTtanka, a MakCUManHUMOT OCTBapeH KanauuTtet

n3Hecysan 33.000 TOHW roguLIHO.
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Cn. 3. leorpadpcka nonoxba Ha Xemuckata nHgyctpuja “XMB" - Benec

Bo cknon Ha cpabpukaTta ce HaoraaT: ynpaBHa 3rpaga, NoroH 3a Npou3BOACTBO
Ha ¢ocdopHa KucenuHa, NoroH 3a NPOM3BOACTBO Ha ybOpmBa, NOrOH 3a NakyBake
Ha rybpuBa, cknaguwTa 3a CypOBMHM, NOMyNpoM3BO4 W TOTOB NPOU3BOA,
pesepBoOapu 3a xemuKanuu, ckraguvwita 3a NnoMmoLLUHW MaTepujanu, pesepBoapu 3a
TeYHM TropmBa, KoTnapa, npeynucTuTenHa craHuua, nabopatopuja, CaHUTapPHM
objekTn u KkyjHa (cn.2).

Bo pamkute Ha pabpukata ce Haorfa n nocebHa TpadocTaHuLa, CMecTeHa BO

6nm3nHa Ha rmaBHMOT BriE3.
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dabpukata 3a BewTaykm rybpmBa ,Xemucka uHayctpumja Benec” 6Guna BoO
concTBeHocT Ha npeTnpujatneto ,MXK 3netoso”. lNpetnpujatneto ,MXK 3netoBo®
koe rn nocegyBano TonunHuuyaTa 3a ONoBO M UMHK n dabpukata 3a BeLUTAYKM
rybpuea 6una Bo gpxxasHa concteeHocT. Bo 2003 roguHa, npetnpujaTueTo Brerno
BO cTevaj. [1Bata gena Ha npetnpujatmeto ,MXK 3netoso“ 6une npogageHn 3a 2
MunuoHn n 250 wunjagn espa KOH KpajoT Ha 2008 roguMHa Ha npeTtnpujaTtneTo
,MeTpyaxem“ og Ckonje.

Bune pageHu HajaBu 3a OTNOYHyBake Ha MPOWU3BOACTBO M pecTtapTupake Ha
¢abpuknte, HO cenak M gBata gena Ha KOMOUHATOT 3MeToBO He OTno4vHane co
paboTa, N0 CUIHMOT OTNOp of rparaHuTe Ha Benec.

dabpukaTa npeTcTaByBa €KOJSOLWIKA >Kellka TO4Yka BO OKONMWHATa, nopagu
HecpegeHuTe Kucenu oTnagHu BOAM M AenoHujaTa 3a rvnc, Koja ce KopucTena oA
NMOYETOKOT Ha paboTereTo Ha habpukaTta Bo 1979 roguHa A0 HEj3MHOTO 3aTBOpaH-E
Bo 2003 rogmHa. Ha genoHujata 3a runc ce HaofaaTt 3,7 MUIIMOHU TOHW TUMC U ce
npoctupa Ha 70.000 M2 [enoHujaTa 3a rMnc e cmecteHa Ha okony 1,5 kunomeTtpu
jyrosanagHo o habpuyknoT KOMMMEKC, BO Mana gonnHa Mery pugosu.

[enoHujata 3a runc 6una nonHeTa NPeKy LEeBKOBOA, NMpuU LUTO Ce NpeHecyBarne
UBpPCTUTE OTNagHM mMatepum BO OBNMK Ha dhocdopHormnceHa cycneHsumja. okpaj
camaTa genoHuja, dabpukata nNpeky ucnywtawe Ha OTNagHUTe BOAM, LIENOCHO ja

3aragyBana u pekata Bapgaap.

TEXHOJTIOWKO PEWEHNE

Bo npousBoagHuOT npouec BO chabpukaTa ce KopuctaT crnegHuTe CYpOBUHU U
NOMOLLUHK MaTepujanu: pocdatu, cyndypHa kucenunHa, amoHujak, Ko,SO4, KCI, ypea
(kapbamug), Tank n matepujanu 3a nonHewe. Kako NonHUTENM ce KOpUCTU rMuHa,
Kpeaa, cypoB dpocdat unm ucylleH runc gobmeH kako Hyc npoussoa. Vcto Taka ce

KOPWUCTW BOAA, TEXHOJIOLLKA Napea. enekTpuyHa eHepruja, ropusa, u cn. 4.
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Cn. 4. Pacnopep Ha objekTuTe BO (babpukaTta

lMocTpojkaTta 3a nNpou3BOACTBO Ha (pocdopHa KucenvHa e usrpageHa npeky
LURGI CHEMIE (®paHkdypT), cornacHo npouecHata nuueHua Ha FISION LIMITED-
FERTILIZER DIVISION. NMpoekTupaHnoT KanaunTeT Ha NocTpojkaTa € NpoM3BOACTBO
50,000 ToOHM pocopHa KUCENHUHA MO AMXMApATHA nocTanka, a MakCMMasHuoT
ocTBapeH kanaumTteT n3HecyBa 33,000 ToHW/rog. KucenuHa.

docdopHaTa KucenuHa ce npousseayBa Co peakuuvja Ha MerneH cupos ocdaTt
co pasbnaxeHa cyndypHa kucenuHa. lNpomnssogoT of peakumjata e runceHa, 30%
docopHa KncennHa n xekcadnyopocunmumymoBa KnuceneunHa.

Mopagn ronemata KOMMYMHA Ha UBPCTUM  YECTMYKM BO  MPOLECOT,
KOHLeHTpauumjata Ha pocdopHaTa KucenmHa € Hucka. 3atoa, Taa nocrnegoBaTesnHo
Ce KOHLIeHTpMpa CO ucnapyBake Ha Aen oA coapxaHaTa Boga. CnabaTa kucenuHa
o bmMnTepoT Ce KOHLUEHTpUpa CO BaKyMCKO ncnapysare Ao npubnmkHo 50% P205.
XekcacbnyocunukaTHaTa KMCENMHa MCTO Taka ucnapyBa WM KOHAEH3upa oJnernHo,
pe3ynTtupajku Bo npomssog co 1823% H2SiF6.

Bo cnyyaj Ha cnab kBanuMTeT unu HeOOCTaTOK Ha MPOCTOP 3a CKnagupake

KncesrimHata ce ucnywTa co oTnagHarta npouecHa Boga MU ce HeyTpanu3npa co Bap,
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npea yvHanHo ncnywrakwe BO peUUnmeHToT.

Bo noctpojkata 3a MAP, occopHaTa KucenmHa ce npeTsopa BO KOMMNOHEHTA
MAP (MoHOamMOHMYM hocdaT) co AefiyMHO HeyTpanuanpakwe Ha ucrtata cO TeuyeH
aMOHMjak.

Bo ueBeH peakTop ce u3BedyBa peakuuja mery ¢ocdopHa kucenuHa (47%-
52%P205) n amoHunjak n ce dopmupa MAP. Co pacnpckyBawe Ha nynnata Hu3
ansHata ce gobusa npawkact MAP Koj nara Ha AHOTO Ha KynaTa.

3a npousBoactBo Ha NPK rybpusa ce kopuctn MAP, Koj ce mewa co gpyru
CYPOBMHM LUTO coap>aT HaTpuMyMm u as3oT (ypea), CO uen ga ce NnocTurHe cakaHata
MellaBMHa Ha HYTPUEHTUM BO (PMHANHMOT npou3Bog. MoxeH e LMpoK oncer Ha
Npon3BOAM CO PasfnnYHM COOAHOCK Mery HYTpneHTuTe. OBaa NocTpojka e NPakTUYHO
CTaHuua 3a Mellakrbe, LUITO BKIyvyBa rpaHynauuja, cylete, Mellawe 1 nakyBame.

Bp3 ocHoBa Ha yBMAOOT Ha nokaumjata, NOCTOjHUTE NOAATOLM KAaKO U UCKYCTBOTO
CTEKHATO Of CNUYHM KOMMaHuM, OCBEH KOpo3MujaTa Ha Lenata MOCTpojka Kako
noeHTurKyBaHn npobnemMm BO MPETXOQHOTO paboTewe Ha MnocTpojkata 3a
npounssogcteo Ha MAP 1 NPK MmoxaT fga ce ussegat cnefHvBe 3akinyyouu:

- [locTpojkata 3a npounssogcteso Ha MAP 1 NPK npeTtcTaByBa cepuo3eH U3Bop

Ha 3aragyBawe Ha BO3AYyXOT M Ha Bogata, ocobeHo co hochopHU
coeguHeHuja n amoHunjak. P,Os MOXe fga ce envMuHMpa oA oTnagHaTta Boga
00 ofpefeH cTeneH, gogeka aMOHMjakoT cekorall Ke ja HanywTa noctojHaTa
NOCTpOjKa 3a TpeTMaH Ha eqorlyeHT Kako paCcTBOPSINB jOH;

- [locToeykata genoHuja 3a runc He rMm MUCMNoriHyBa CTaH4apAHUTE YCroBW Ha
EY 3a KOHTpona Ha KOHTamuHaumjaTa Ha Boga W MNo4YBa, a BOEAHO O
HapyLlyBa npeaenoT, 0cobeHo oA cTpaHaTa Ha aBTonaTtoT.

- CyBMOT rurnc Moxe fa ce KOpUCTU BO HEKOW ApPYru npouecu (Kako Ha rnpumep
NpoOn3BOACTBO Ha UEeMeHT, noasora 3a natvwTa, Npou3BOACTBO Ha MMUMCEHU
No4YmM 1 Cn.), cCamo ako NPeTXOAHO ce NoAroTBuM 3a Toa.

- [llocToeykata npeynmcTuTenHa CTaHuUa He MM 3a40BOryBa KpUTepuymuTe 3a
MCMYCT Ha NPeYnCTeH enyeHrT.

- [Jocera ce HanpaBeHuM ofpedeHU WUCTpaxyBawa KOM Ce ofHecyBaaT Ha
3actaneHocta Ha paguoHyknuaute BO (POCHPOHMOT rmcn u JobueHute

pe3yntaTtu ce npuka>xaHun nogony:
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Tabena 3. Xemncka aHanmsa Ha rmncoT o AenoHunjata Benec

EnemeHTt EanHnum | CogpxuHa MeTon

Kagmnywm, Cd mg/kg 7.84 ISO 11885/1996
Xpowm, Cr mg/kg 4.04 ISO 11885/1996
Bakap, Cu mg/kg 6.84 ISO 11885/1996
Hwuken, Ni mg/kg 27.48 ISO 11885/1996
Onos.o, Pb mg/kg 10.12 ISO 11885/1996
LinHk, Zn mg/kg 33.48 ISO 11885/1996
XKuea, Hg mg/kg 1.8 ISO 11885/1996
ApceH, As mg/kg <0.4 ISO 11885/1996

Tabena 4. Pagnoxemmnckn aHanuamn Ha rucnoT of genoHujata Benec

OsHaka
N3oTon/PagnoaktnBHocT EanHmum MeToza 1440/16772
Pesyntat | HecurypHoct

CneunduyHa akTBuHocT Ha U*® Bag/kg IEC 1452 | 329,91 3,991
CneundunyHa akTBuHocT Ha Ra*® | Bglkg IEC 1452 | 218,25 169,98
CneundmnyHa akTBUMHOCT Ha Pb?'° Ba/kg IEC 1452 | 256,89 2,526
CneundmnyHa akTBUHOCT Ha Th** Ba/kg IEC 1452 | 13,697 2,103
CneundmnyHa aktueHocT Ha K*° Ba/kg IEC 1452 N.D. .
Cneunduyna aktueHocT Ha Cs™’ | Balkg IEC 1452 N.D. -
CneuundunyHa a akTMBHOCT Ba/kg ISO 9696 5440 15,9
CneuundnyHa 3 aKkTMBHOCT Ba/kg ISO 9697 1160,0 27,2

Tabena 5. XeMUckn aHanmsm Ha NOYBUTE Of, jaapoTo Ha NMe3oMeTapoT

dpakumja nog 2 mm
OnaboynHa Ha | Xymyc, Mecok MpawwuHa MmuHa muHa+ | lNMecok
nuesomeTap, m npawmHa
% 0,2-2 0,02- 0,002-0,02 | <0,002 <0,02 0,02-2
mm 0,2 mm mm mm mm mm
0,3-6,7 0,28 6,2 64,5 16,2 13,1 29,3 70,7
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EnemenTt mg/L mg/kg Method

Kagmuym, Cd | 0,062 1,24 ISO 11885/1996
Xpowm, Cr 0,0058 | 0,116 | ISO 11885/1996
Bakap, Cu 0,0301 | 0,602 | ISO 11885/1996
Huken, Ni 0,1308 | 2,616 | ISO 11885/1996
Onoso, Pb 0,52 10,4 ISO 11885/1996
LimHk, Zn 0,31 6,2 ISO 11885/1996
XKuea, Hg <0,0001 | <0,002 | ISO 11885/1996
ApceH, As <0,001 | <0,02 | ISO 11885/1996

pH=4 (TCLP EPA 1311)

EnemenTt Mg/l mg/kg Method

Kagmuym, Cd | 6,96 0,1392 | ISO 11885/1996
Xpowm, Cr 0,32 0,0064 | ISO 11885/1996
Bakap, Cu <1 <0,02 ISO 11885/1996
Huken, Ni 1,51 | <0,0302 | ISO 11885/1996
Onoso, Pb <1 <0,02 ISO 11885/1996
LinHk, Zn 109,0 2,18 ISO 11885/1996
»Kuea, Hg <0,1 <0,002 | ISO 11885/1996
ApceH, As <0,001 | <0,02 ISO 11885/1996

Benec, pH=4 (TCLP EPA 1311)

Tabena 6. Xemucka aHanusa Ha BOoA€eH U3BIeEK o rmncoT o AenoHuvjata Benec
pH=4 (TCLP EPA 1311)

Tabena 6.1. xemncka aHanu3a Ha BOL€EH U3BMEK 04 rmncoT o AenoHujata Benec

Tabena 7. PagnoxeMmnckn aHanmsm Ha BOAEH M3BIEK 04 MMNcoT oA AenoHujaTa

OsHaka
M3oTon/PagnoakTnBHoCT EauHuum MeTon 1440/16772
Pesyntat | HecurypHocT

CneundmnyHa akTBuHocT Ha U*® Ba/kg IEC 1452 0,027 0,011
CneuuduyHa akTBMHOCT Ha Ra?® Ba/kg IEC 1452 N.D. -
CneundmnyHa akTBUHOCT Ha Pb?' Ba/kg IEC 1452 0,0446 0,756
CneumnduyHa akTBMHOCT Ha Th**? Ba/kg IEC 1452 1,667 0,844
CneundmnyHa akTmBHocT Ha K*° Ba/kg IEC 1452 N.D. -
CneuuduyHa aktmsHocT Ha Cs'’ Ba/kg IEC 1452 N.D. -
CneundnyHa a akTMBHOCT Ba/kg ISO 9696 0,0315 0,0051
CneundnyHa 3 akTMBHOCT Ba/kg ISO 9697 0,057 0,02
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OEMOHNJA HA ®OCPOPEH IM'MMNcC

[lenoHnjata 3a oTnageH OCdOpPEH r1Mnc Koja e NnpeaMeT Ha UCTPaXKyBake ce
Haora BO HenocpeaHa 6bnunsnHa Ha camaTta dabpuka n uctata e cMecTeHa BO eHa
AO0NNHa BO Koja HeMa nocTtojaH BogoTek (Cn. 5). Neonowkarta rpagba Ha TepeHoT BO

KOj € CMecTeHa rnokauujata e npeTcraBeHa Co CreAHUBe NUTONOLLKA eaUHULN.

Cn. 5. JenoHwuja Ha dhocdopeH rmunc Ha cbabpukata XVIB-Benec

MNaneosouk (Pz)

[MpeTcTaBeH e co KBapuUTU N KBapUHW necodHnumn of aneosojcka ctapocT
KOM Ce BO KOHTakT co gujabasn. Tue ce permctupaHu Ha 3anagHuMoT gen Ha
npeameTHaTa nokauuja (nokauunjata Ha habpukaTa U genoHujaTta 3a runc), U UCTute

Ce NOoBpPLUMHCKN N Ha ogpeaeHn MmecTta pacnagHaTtul.

Tepumep (Tc)

lMpenctaBeH e CO eoueHC Ku (PNULLHKM CeaUMEHTU (3E3) n lnnoueHckn

ceguMEHTH.
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3
EoueHcku cegumeHTun ( E3)

3asemaar HajronemMo pacnpocTpaHyBawe Of TepUMepHUTE CeguMEHTU U
N3O0BOEHM ce BO 4eTupu cynepnosvumn: basanHa cepwuja: necoyHuum, nanopum u
KOHrnmomepaTtu, AofiHa 30Ha Ha nuL: KOHrmoMepaTu, NeCOYHULM U TIUHLUM, OOMHU
XKONTWN NECOYHULN 1 FOpHA 30HaA Ha nMLL: NanopoBUTM BapOBHUUM U rMnHUKN. OBre
NIMLWHN CeaANMEHTN Ce jaByBaaT CO 4OCTa HeyegHadYeH COCTaB BO KOj y4ecTByBaarT:
NMEeCOYHULM, KOHrmomepaTtu, [NUHUKW, aneBponuTi, nanopuM U narnopoBUTH
BapoBHMUK. 1o Boja ce cMBM OO0 CMBO 3€neHKacTu (FMMMHUMUTE) U KOMTO A0 XKONTO -
MPKN (MEeCoYHMLMTE) CO BMEeYaTNIMBM Tparn Ha Teyewe, Brevewe, yceyyBake,
HaBneKyBake W BTUCHYBakE, KakO U €pO3MOHM KaHanu. LleMeHTHOTO Bp3nBO €

Kap6OHaTHO, NMWHOBUTO, a HEPETKO N NMEeCOYHUNYKO.

MnuoueHckn ceanmeHTun (PI)

Ha nowwunpoknoT TepeH, NpeTCcTaBeHW ce CO Mecouu U TMMHU U cepuja Ha
necoun, cyrnMHM W vakanu. [lecouuTe W rMUHMTE nNpeTcTaByBaaT Gasa Ha
NAMOLEHOT N U3rpafeHn ce o CUTHO3PHM aneBpPONIUTCKU NMecoLM Co MPOCojumn Ha
MUHa W MPOCHOjUM  Ha YUCTO  KBAPLUHOMWUCKYHCKM necouun. [nuHute ce
XMOPONUCKYHCKM 40 MOHTMOPUOHUTCKM U GojaTa MM Bapupa o CBETIOXOMTEeHNKaBa
[10 TEMHOLpBEHMKaBa. 3BOPOT Ha CEAMMEHTaLMOHMOT MaTepujan Gun pasnuyeH, a
PEXUMOT Ha ceauMmeHTauujata 6un npomeHnuB. [NecouuTe, CYrmUHUTE U Yakanute
npeacTtaByBaaT CrNaTKOBOAHW €3EpCKM CeaUMEHTU, NMPBEHCTBEHO MPEeTCTaBEHU CO
MEeCcoKNMBO M [MMHOBMT MaTtepujan BO KOj Ce jaByBaaT MNOrorieMn Wnv nomanmu
MITa3eBM Ha Yakar, a HamecTa U KOHrmoMepaTu, T.e. NMUTONOLWKMOT COoCTaB Ha OBUE

ceanMeHTn 3aBUCKU O CTEHUTE NPEKY KON CE HaTalloOXEHN.

KeapTtep (Q)

lMpetctaBeH e co nponysujanHu (pr), genysujanHu (d) wu anysujanHu
ceaumeHT (an), pasBueHu BAOMK TpacaTa. [debenuHata M € npomMeHnvBa o4
Hekonky meTpu go 30 m, coctaBeHun o noryobpaboteHn, napyvka of OKOMHUTE

pnooBun nomewlaHn CO MNMecok Wn ronemMm npoueHt Ha [MMMHOBUTA CyrncTaHua.
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Henysujanuute ceanmeHTn (d), HepaMHOMEPHO Ce pacnopefeHn Ha TEpPEHUTe co
Gnarm nagMHM M MMaaT Mano pacnpocTpaHeHue BOOMK TpacaTa. AnysBujanHute
CeOVUMEHTN ce pacnpocTpaHeTn OKony pekata Bappap u ce npeTctaBeHu o[
necoum, Yakanm, 6y10KkoBU 1 camun.

Cnopep reonowkaTa rpagda Ha TEPeHOT U NIMTOTEHETCKUTE KapakTepUCTUKU
Ha UCTUOT, O XMAPOreosiOWKN acnekT MOXe Aa ce KOHcTaTupa geka ce pabotu 3a
TepeH narpageH of 36ueH TN Ha M3gaHu co cnobogHO HMBO Ha MOA3EMHUTE BOAM
CO WHTeprpaHynapHa noposHocT (Cn. 4).

[MocTojaT aHTUKNUHAMHU M CUHKINWHANHW CTPYKTYpU BO CEAUMEHTUTE CO
reHepanHa Hacoka Ha npoterawe C3-JU. Co pagmjanHuTe gBuxewa Tue ce gocrta
nopeMeTeHN, Ha WTO yKaxyBaaT TEKTOHKUTE KOHTaKTW. MICTpaxkyBaHMOT TepeH of
acrnekT Ha CeU3MOTEKTOHCKUTE KapaKTepUCTMKM cnara BO cknon Ha Ckonckata
cem3MmyKa 30Ha, Na Taka MHTEH3MBHUTE TEKTOHCKM OBWXewa BO Bapaapcka 30Ha,
MOBP3aHN Ce CO KPYMHU paceam WTO ce MaHudecTmpa co MHOry OCTPU MPEMUHU CO
CTPMHM CTpaHu 1 crnopes MMKpocenaMmykaTa ckana, UCTpaXXyBaHWOT TepeH npunara

Ha 7 cteneH no MLIC Ha 3ronemeHa ceMammnyka akTMBHOCT.
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. NPEMEQ HA NIUTEPATYPATA
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V. UEN HA NCTPAXYBAHETO

HaceneHneto Ha 3emjata € nMOCTOjaHO W3NOXEHO Ha pasHW BUAOBM Ha
joHM3Mpayko 3padere. Cnopead NOTEKNOTO M3BOPUTE Ha 3padewe ce AdenaT Ha
NPUPOAHN N BellTadkn. N3noxeHoCcTa Ha BeLuTaykn U3BOpK € pesynaT Ha HMBHaTa
npyMeHa BO: MEAWUMHCKW uenu (OujarHoCcTuka n Tepanwuja), uHguctpujata unu nak
O[l PafMOHYKNMANTE NPUCYTHU BO XMBOTHaTa cpeduHa nocreauvua of HykreapHuTe
npobu n HykneapHata xaBapuja Bo YepHobun og MmMHATUOT BeK. Bp3 OCHOB Ha
ronem 6poj Ha UCTpayBaha, AOKaXXaHO e JeKka HajrorniemM AOMPUHOC BO BKyMHaTa
N3NOXEHOCT Ha HacerneHMeTo NoTekHyBa oA npupogata. Bo rpynaTta Ha npupoaHu
N3BOPU Ce KOCMUYKOTO U TEPECTPUjanHoTo 3padene. [lo3aTa Koja ja npuma YoBeKoT
BO TEKOT Ha edHa roavHa O HaOBOPELLUHO KOCMWUYKOTO 3padvyeH-e Ha OTBOPEHO €
rMaBHO KOHCTAHTHa BeNWYMHA 3a [dageH npocTop (3aBMCKM Of HagMopckaTa
BMCOYMHA) W € MHOry rnomana BO OAHOC Ha [fo3ata Koja MOoTekHyBa oA
TepecTpujanHata pagunoaktusHocT (UNSCEAR, 2000).

PagvaktveHUTEe M3oTonu o Husmte Ha 222U u 2*°Th kako n *°K, npucythHu BO
cuTe TepecTpujaHn MaTtepujann ce rmaBHUTE U3BOPU Ha eKCno3nuuja BpP3 YOBEKOT.
Cnopen HMBHOTO MOTEKNO TMe ce AedUHMPaHU Kako NPUPOLAHM pPagVoaKTUBHU
maTepujanu (naturally occurring radioactive materials: NORM). Bo cny4yaj kora
NPUPOAHO PaAnoaKTUBHUOT MaTepujarn e noasioKeH Ha HEKOj TEXHOMOLLKM npoLec
BO KOj Ce CrnydyBa HapyLlyBahk-€ Ha OAHOCUTE Ha paguMOaKTUBHUTE M30TOMNU BO HErO,
TOoraw TOj Ce KaTeropusmpa Kako TEXHOSOLWKM nogobpeH nNpupoaeH paavoakTUBEH
matepujan (technologically enhanced naturally occurring radioactive material:
TENORM). CogpxuHute Ha paguoHyknugute Bo nouvsute u kapnute (NORM)
BapupaaT BO 3aBMCHOCT O HMBHOTO MOTEKMO (reofiorvjata) AoAeka nak HUBHUTE
cogpxumHm Bo TENORM 3aBucaT 1 04 NOTEKNOTO U 04 CaMMOT TEXHOSOLLIKM NMpoLec.

docdormncor e otnageH NpousBo OA MHAYCTpujaTa 3a BeluTadku rybpuBa,
reHepmpaH BO NPOLIECOT Ha NPOM3BOACTBO Ha dhocdopHaTa KucenmHa og gpocdaTtHa
pyga (Santos et al.,, 2006; Papageorgiou et al.,, 2016). Toj Bo cebe coapxwu
NPUPOAHU PaaMOHYKNMAM of HU3MTe Ha 222U n 2*2Th kako u *°K kou notekHyBaaT oA
drochopHaTa pyaa HO CO HapyLleH COOA4HOC nocneauvua o CaMmoT TEXHOMOLIKUOT
npouec (Guimond and Hardin, 1989). [enoHupaHuoT docdornnc Koj ce
KapakTepuanpa cO 3rofieMeHuTe KOHUEHTpauun Ha paavoHyKnuauTe of HusaTta Ha

238 npeausBMKyBa KOHTaMWHaLMj@ Ha XVBOTHATa CpeavHa: nousaTa, BogaTa W
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atmocceparta (Tayidi et al.,, 2009; Attar et al.,, 2011). Og Tue NPUYNHK, NOKPa]
OpYrMTe, HEeonxodHO € [a Ce HampaBuM M paavjaumoHa KapakTepusauumja Ha
AenoHUNTE OOHOCHO Oa Ce Hanpasu MpOoLEeHKa 3a MOXHWUTE HecakaHu edekTn Bp3
XMBOTHaTa cpeguHa n anpekTtHo Bp3 nyreto (Sahu et al., 2014; Papageorgiou et al.,
2016).

CormacHo co Toa npowusnese W wugejata, ga Cce HanpasBu paaujaumoHa
KapakTepusaumja Ha genoHupaHuoT docdormnc of Pabpukata 3a BelUTaYKu
rybpusa ,Xemucka nHgyctpmja Benec” (XMB). Bo TekoT Ha HejanHOTO paboTene o
1979 go 2003 roanHa ce aenoHupanu 3,7x10° t runc Ha 70x10% m? (=53 t/m?), Ha 1,5
km jyrozanagHo op ¢abpuuknot komnnekc Bo 6nmu3amHa Ha cenoto 3rpononuum
(Cnuka 6).

Bo oBOj Tpya ce npukaxaHw pesynatute Of MepewaTa Ha akTMBHOCTa Ha
NpUpoOaHUTE PaguoHYKNMaAnM BO (POCdOrurncoT y3opKyBaHW O [AenoHujata n of

npoueHkaTta Ha HaaBOELHNOT PU3UK BP3 NoeaunHLUM o4 HacerneHne.

Cnuka 6 lNonoxba Ha genoHnjaTta
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V. METOON HA UCTPAXXYBAYKATA PABOTA

Mpn nabopaTopuckmMTe ncnuTyBama Ha cobpaHuTe npomepoun og PochopHNOT
rmnc og aenoxHunjata kaj 3rpononum (XMB-Benec) 6ea wprmeHeTn cnegHute

nabopaTopcku MeToaN N TEXHUKM:

V.1. ICP dby3uja

MpumepounTe ce nogroTeyBaaT M aHanuaupaaT BO cucteM Ha cepun. Cekoja
cepuja coaopXm npaseH peareHc Koj ce KOpUCTU Kako cnena npoba, ceptudmumnpaH
pedepeHTeH maTtepujan n 17% pennuku. MNMpumepounte ce mMewaart co AogaBare
Ha NuTUym metabopat n nuTnym TetpabopaT n ce pyanpaaTt BO MHAOYKLMCKA neyka.
PacTtoneHnoT maTepujan BegHaw ce uctypa BO pacTtBop of 5% asoTHa KucenuHa
KOja LUTO COAPXM BHATpelleH CTaHdap4 M ce Mela MnocTojaHO Jodeka He ce
pactBopu LenocHo (~ 30 muHyTK). MNMprnmepoumnTe ce TecTupaaT 3a NOBaXKHWU OKCUAN
1 n3bpaHn enemMeHT BO TparoBu Ha KOMOGUHMPaH cumynTaH/cekBeHumjaneH Thermo
Jarrell-Ash ENVIRO Il ICP wnu Varian Vista 735 ICP. Kannbpauwnjata ce u3Benysa
CO KOPUCTEHE Ha 7 NOAroTBEHU cepTudunumpanmn pedepeHTHn matepmjann USGS n
CANMET. lNpun aHanu3aTta ce KOPUCTU efleH o 7-Te cTaHO4apau 3a cekoja rpyna of

geceT nNpuMepoLn.

V.2. ICP-MS

dy3npaHuTe Npumepoumn ce paspeaysaaT u aHanuampaat co Perkin Elmer Sciex
ELAN 6000, 6100 unn 9000 ICP/MS. Tpu npasHu u neT KOHTPOMHWU (Tpu npea
rPyNHMOT NPUMEPOK M [Ba MOCfe Toa) Ce aHanuauMpaaT no rpyna MnpuMMepoLn.
Oynnukatnte ce ysumpaaTr un ce aHanuaupaat Ha cekoum 15 npumepoun.

NHCTpyMEHTOT ce pekanubpupa Ha cekoun 40 nprMepoLu.

V.3. BkynHa anda u BKynHa 6eTta paguoakTMBHOCT

MpmnbnmxHo 0,1 g Ha cyBa M XOMOreHa mMaca Ha NpPUMEpPOK ce NpeHecysBa BO
Planchet n ce wvpn pamHOMEpPHO CO HEKOSKY Kanku MeTaHon npea ga ce usbpon Bo

aBTOMaTckMoT 6pojay Ha anda/6eTa HUcko HMBO Ha Protean ICP 650.
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MpunbnmxHo 0,1 g cyBa 1 XOoMoreHa maca Ha NpMMepok ce npeHecysa Bo Planchet n
ce pacrnopegyBa paMHOMEPHO CO HEKOSKY Kamnku MeTaHon npe ga ce 6pou BO
Protean ICP 650 Internal Proportional Detector aBTomaTckn 6pojay Ha HUCKO HUBO

Ha anda/beTa.
V.4. Nama ckeH

Ce onpegenysa cyBa M XOMOreHa Maca Ha NpMMepokK U ce cTaBa BO CTaHOapAHa
reomeTpuja 3a 6poene Ha rama. NpumepounTte ce GpojaT 4OBOMHO AONIO 3a Aa ce
3agoBonu  notpebHata  YyBCTBUTENHOCT Ha  MepeweTo.  MynTukaHanHuoT
aHanusaTop BpwKX AHanu3a Ha BMCMHA Ha MNyncoT WTO MM cknagupa nsotonute of
NpPUMEpPOKOT cnopep npounssegeHaTa eHepruja. CodptBepoT Canberra Genie-2K V3.2
M noumpa n aHanuaupa BpBOBUTE, OA3eMa Nno3aguHa, rm MaAeHTUUKyBa HyKNMamTe
n Kopurmpa 3a uHTepdepeHumja Ha pogutenu/kepkn. Ce reHepupa wusBewTaj U

aKTMBHOCTa ce npecmeTyBa BO Bq/g.
V.5. PamHOTeXa Ha ypaHuym

Ce onpefenyBa cyBa U XOMOreHa Maca Ha NPUMepOoK 1 ce cTaBa BO CTaHAapaHa
reomeTpuja 3a aHanusa Ha rama criektpockonuja. MpumepoumnTe ce 3anevaTtyBaart u
ce uyBaaT MUHUMYM 28 feHa nper aHanusata. 22U238 v ?**Th ce onpeaenyaart co
rama crnekTpoMeTpuja of Kepki MPOU3BOAM Off CEpUNTE Ha ypaHuym n Topuym (Pb?™
& Bi?'* 3a U?®® n Pb?'? & Ac?®® 3a Th?*?). MeTooT npeTnocTaByBa Aeka cepuuTe Ha
pacnarake ce BO paguoakTuBHa pamHoTexa. CodtBepoT Canberra Genie-2K V3.2
M NoLMpa U aHanuaupa BPBOBUTE, OA3eMa NO3aAnHa, T UASHTUMUKYBA HyKNMAUTE
N Kopurmpa 3a WHTepdepeHumja Ha pogutenu/kepku. Ce reHepupa usBewTaj u

aKTUBHOCTA ce npecmeTyBa Bo Bqg/g.
V.6. KBaHTUTaTUBHa aHanu3a co peHTreHcka audpakuuja

[BaeceT npumMepoLmn Gea [OCTaBeHN 3a KBAaHTUTAaTUBHA aHanv3a Ha peHTreHcka
andppakumja. Cekoj NprMepoK BO NpaB e MellaH Co KOPYH/ U CTaBeH BO CTaHaapAeH
opxad. KopyHn Oelle [pOogagoeH Kako BHaTpelwleH cTaHgapd. AHanusaTta Ha

Andpakumnja Ha peHareHcku 3pauu e umsBplleHa Ha audppaktometap Panalytical
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X'Pert Pro, onpemeH co Cu nsBop Ha peHnareHcku 3paum n X’ Celerator getekrop, Koj
paboTn BO crnegHuBe YCroBM Ha peHareHcku 3pauu: HanoH: 40 kV; ctpyja: 40mA;
oncer: 5-70 deg 20; ronemuHa Ha 4ekop: 0,017 deg 26; Bpeme no Yekop: 50.165 cek;
OTBOpP Ha amBepreHumja: dukceH, aron 0,5°. ®asuTte Ha KpuctanHum MuHepanu bea
noeHtndoukyeaHn Bo X'Pert High Score Plus, kopucTtejkn ja 6asata Ha nogartoum
PDF-4 Minerals ICDD. KonnuvHute Ha KpucTarHUTE MWHepanu ce YTBPAEHWU CO
meTonoT Rietveld. MeTtogot Rietveld ce 3acHoBa Ha npecmeTka Ha LienocHaTa wema

Ha audpakumja og nogaTouMTe Ha CTPYKTypaTa Ha KpUCTaror.

V.7. SEM-EDS meToamn

PenpeseHTaTnBeH gen oA cekoj npumepok Oelle nogeneH Co KOpUCTEHe Ha
mukpo Riffle Splitter. [1Ba rpama og npumepokoT 6ea BMeTHaTM BO eNoKcugHa cMmona
3a MOAroTOBKA Ha KPYXHW nonupaHu npenapatu. [lMpumepounte 6Gea npumeHu
ofgHanpen MOAroTBEHM W He Oewe HanpaBeHa MoOHaTaMOLUHA MOAroTOBKa Ha
npumepounte Bo Actlabs.

AHanunsaTa e HanpaBeHa og FEI MLA 650F, co kopucTenwe Ha padHn MeToamn co
EDX petektopu. lNMuwTonot 3a emwucuja Ha none (FEG) Gewe kopucteH npu
3abpayBaykn HanoH of 25 kV 1 roneMmmnHa Ha Todka of 6. co paboTHO pacTojaHune of

13 mm.
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VI. PE3YNTATU U OUCKYCUJA

Bo noHaTamoLWIHMOT TEKCT oA AucepTaumjaTa ke 6maaT npukaxkaHu nongeTtanHo
AoGueHnTe pesyntav og XEMUCKUTE, reOXEMUCKUTE U U3OTOMNCKUTE UCNUTYBaka Ha
cobpaHuTe npumMmepoun op HocOPHMOT TUMNC Of FokanuTeoT 3rpononuu opf

aenoHujata Ha XMB-Becrnec.
V.1. XemMucka kapakrepusaumja Ha ooccpopHUOT runc

Xemuckata kapaktepuosaumja Ha (PocdOpHMOT TUNC € HanpaBeHa npeky
AeTanHM XEeMUCKM, FeOXeMUCKM M M3OTMOCKM UCMUTYyBakwa Ha FUMNCOT M Toa COo
npuMeHa Ha BeEKe CNOMEHaTUTE METOAM Ha UCNMUTyBawAa, Kako wro ce ICP-MS, FUS-

ICP-MS, rama cnektpomeTpuja.

V.1.1. TnaBHU efNleMEeHTUN U KOHLIeHTpaLuja Ha OHeYnuCcTyBa4un

Bo tabenarta 8 ce npukaxaHun pesyntatute o4 XeMUCKUTE UCnNnTyBara Ha doc-
dopHMOT rMnc og genoHujata Ha XMB Benec nobueHn co metogata ICP-MS. Op
NpUKaxxaHuTe pes3yntatyu MOXe Aa Ce KOHCTaTMpa AeKka coapXXuHaTa Ha rnaBHUTe
enemeHTUTEe BO PoctopHMOT runc of aenoHunjata Ha XMB Benec e mHory 6nucka
A0 coapXuHaTta Ha rnaBHUTE enemMeHTU BO (pocdopHUOT runc og Amxup, TyHuC,
Mapoko, bpasun, Ervnet n Typuwmja (Tabena 9) (El Zrelli et all, 2018). Tpeba ga ce
crioMeHe Aeka camo KoHueHTpauujata Ha CaO Bo ¢occopHuoT rmnc og XMB Benec
€ MOHMCKa BO OOHOC Ha uuUTUpaHuTe nokanutetTn Bo Tabena 4. Op acnekT Ha
NPUCYCTBOTO Ha HEYNCTOTUMUTE BO POCHOPHMOT rmnc of aenoHnjata Ha XMB Benec
(impurities) Tpeba ga ce cnomeHe koHUeHTpaumjaTa Ha SiO, (Tabena 8) koja e pena-
TMBHO BMCOKa BO OOHOC Ha UMTUpaHUTe npumepoum od docdopeH rmnc og apyrurte
nokanutetn (Tabena 9). Tyka KoHueHTpaumjaTa Ha SiO, uma cpegHa BpeaHOCT o4
8.22 % v penaTuMBHO BMCOKa BPEeAHOCT 3a BakBW TUMOBU Ha MaTepujanu. OBa goara
Kako nocrieguvua Ha npouecute Ha MNOBPLUMHCKO pacnarake Ha oCOPHUOT runc
(Reguigui et al., 2005) n nssnekyearweto Ha CaO BO nospLIMHCKUTE BoAMW. MIcTo Taka
Tpeba ga ce cnomeHe deka mManuTe pasfivkm KOW NoCcTojaT BO KOHUEHTpauuuTe Ha
rmaBHUTE enemeHTn Bo hochopHMOT rmnc of aenoHunjata Ha XMB Benec (Tabena
8) M KOHUeHTpauumTe Ha rnaBHUTE enemMeHTM BO (POCHOPHMOT MMNC of Apyrute
apxasu (Tabena 9) moxat Aa ce o6jacHaT U CO pPasnNUYHNOT MUHEPAroLLKN COCTaB
(El Masri et al., 2004).
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Tabena 9: KoHueHTpauuja (% TEXMHCKN) Ha rNaBHUTE eneMeHTN BO NpuMepoumn o
doccopeH runc oa Benec (CesepHa Makegonuja) u gpyr u permonun (El Zrelli et all,

2018)
EnemeHT | TyHuc® | Mapoko® | Amxup® | Erunet® | Typumja® | Bpasun' C.
MakegnoHuja’®
CaO 32,80 38,14 31,18 32,13 32,04 37,05 28,8
P.Os5 1,69 0,69 0,87 1,82 0,50 nd 0,47
SiO, 1,37 0,86 0,88 8,78 3,44 1,39 8,22
SO, 44 4 48,12 40,90 37,60 44 67 nd 41,7
Al,O3 0,11 0,19 0,10 0,29 0,88 0,14 0,12
Na,O nd 0,17 1,32 nd 0,13 nd 0,05
Fe,O; 0,03 0,21 0,03 0,35 0,32 0,89 0,08
MgO 0,01 nd 0,06 0,09 nd 0,30 0,01
K,O nd 0,01 nd nd nd nd 0,02
F 0,55 nd 1,20 0,80 0,79 0,20 0,40

nd He e JeTePMUHMPAHO

#Taher, 2007
®Renteria-Villabobos et al., 2010
°Kacimi et al., 2006
°Deginnence et al., 2007

fde Conceico and Bonotto, 2006
9 ceraluHy UcnuUTyBaka

V.1.2. KoHUueHTpaLmMja Ha eneMeHTUTe BO Tparu

KoHueHTpaumnjata Ha enemMeHTMTE BO Tparn M efnemMeHTUTe o rpynarta Ha
peTkute 3emju (REE) ce HanpaBeHn Bo cute 3emeHn npumepoum (20 npumepoum) n
pesyntatute ce npukaxaHun Bo (Tabena 10). O npukaxaHute pesyntatm Moxe Aa
ce KOHcTatuMpa [eka BO npumepouute of gocdopeH runc o genoHujata Ha XMB
Benec koHueHTpauujaTa Ha eneMeHTUTe BO TparM € MHOry CrM4yHa Co
KOHUeHTpauumjaTa Bo dpocchopHmoT runc o TyHuc (Tabena 12) (EI Zrelli et al., 2018).
MHory e 3Ha4dajHa KOHUEeHTpauujata Ha eneMeHTUTEe Of rpynarta Ha peTkn 3emju
(REE) koja e npukaxaHa Bo Tabena 11 u koja ce aswxu og 43,071 ppm na go
307.21 ppm wnnu cpegHa BpeaHocT of 99,46 ppm. KoHueHTpauujata Ha cpegHuTe
BPEOHOCTN Ha NoeanHeYHUTe peTKkn 3emju msHecysaat: (La- 24.51 ppm; Ce-33.54
ppm; Pr-4,72 ppm: Nd-19,35 ppm; Sm-3,72 ppm; Eu—0,95 ppm; Gd-3,78 ppm; Tb-
0,59 ppm; Dy-3,53 ppm; Ho—O0,74 ppm; Er-2,10 ppm; Tm-0,26 ppm; Yb-1,45 ppm;
Lu-0,19 ppm).

YTBpOEHUTE KOHUEHTpauun Ha erneMeHTUTe of rpyna Ha peTkiTe 3emju

NnoKaXxxyBaart 3Ha‘-lajHVI KONTIMYMHN KON MOXaT Aa MMaaT M eKOHOMCKa Ba)KHOCT. 3aToa
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BO MOHaTaMOLUHUTE WUCTpaxXyBaka HEONXoaAHO € [AeTaJiIHO AJa Ce UCTpPpaXun oBaa

AenoHuja Ha OCHOPEH MMNC Co NpMMEHa Ha METOAUTE Ha ANabMHCKO Aynyexe n

co6|/|pa|-be Ha norosrnem 6poj Ha npuMepoun 3a nogetasiHo ogpeayBamke Ha

coapXuHaTta Ha enemeHTUTe o rpynarta Ha petkute 3emju (REE).

Ouctpunbyumjata Ha enemeHTUTE OA rpynaTta Ha peTtkute 3emju (REE) (Cn. 7) n

(Cn. 8) nokaxyBaaT MHOIy CIIMYHOCTU CO AUCTPUBYLMUTE Ha PETKUTE €NIEMEHTU BO

docdopHUTE  Kapnu,

o0 ceaMMeHTeH KapakTep,

aHomanun Ha Eu (Z.S. Altschuler et al., 1967).

100
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CO WUM3pa3eHnTe HeraTtuBHU

Cn. 7 n Cn. 8. Auctpubyumja Ha peTkuTe 3emMju BO rMNcoT oA AenoHujata Ha XNB

Benec
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Tabena 12: KoHueHTpauuja (ppm) Ha peTkute enemeHTn Bo oopdOpHNOT FMMC o4
CeBepHa MakenoHuja un gpyru 3emju

PeTkn enemeHTn TyHUC Mapoko | Bpasun C. MakepgoHuja
Zn 137 8 7,5 40
Cu 9,6 21 4 9
Cr 13 20 2,5 18
Pb 0,90 6,2 11,5 19
As 1 - - 4
Ag 0,44 - - 0,6
Be 0,05 - - 0,1
Mn 3 - - 2
Bi 0,02 - - 0,1
Co 0,3 - 0,93 0,2
Cs 0,05 - - 0,05
Ga 0,87 1 - 0,75
Ge 0,17 - - 0,2
Tl 0,38 - - 0,15
Hf 0,10 - 5,6 0,38
In 0,005 - - 0,05
Mo 1,86 - - 1,56
Nb 0,80 1 - 0,42
Ni 4,10 1 4 15
Rb 0,60 2 - 0,5
Sb 0,09 - - 0,9
Sn 0,20 - - 0,25
Ta 0,07 4,3 0,02
V 3 4,7 - 3
W 0,2 - - 2,18
Zr 2,6 6,2 10 15,5
Y 53,2 144 - 39,6
La 46,3 86 100 24,51
Ce 74,4 - 200 33,54
Sc 0,2 - - 0,2
Th 0,74 - 43 0,75
U 1,6 8,3 3,43 2,63

Op npukaxaHuTe pesyntatv Bo Tabenata 11 mMoxe ga ce KoHcTatupa Aeka
cogpXxuHata Ha enemMmeHTUTe of rpynata Ha peTtkute 3emju (REE) ce penatmsHO
JoCTa 3acTenHuM BO aHanusvpaHutTe npumepoun of dGocOpHNOT TUnc on
aenoHujata Ha XVB-Benec. Moxe pa ce KOHCTMpaaT KOMWYMHW KOWU BO HEKOU
cnyyamn ce BO rpaHuumte u og 307 nnMm WTO Of CBOja CTpHa npeTcTtaByBa 0cobeH
MHTEpeC 3a OBaa CMPOBUHA O acrekT Ha MOIFHUCTY 3a fobvBare Ha eKEMEHTU Of

rpynara Ha peTkuTe 3emju.
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V.2. MMHeparnoLKu KapakTepucTmku

MCI'II/ITyBaI-baTa Ha MUHepPariolKnoT COCTaB Ha CbOC(bOpHI/IOT rmnc co npunMeHa

Ha XRD metopaTta (Tabena 13) nokaxkyBa Aeka rnaBHW MUHEpanHu dasu ce: rmnc,

HacaHuTe, aHXMAPUT 1 KBapL, Npu LUTO NpOLEeHTyanHaTa 3actaneHocTa Ha rncoT e

HajronemMa n Taa ce aBwxku o 74.5 — 96,9 %. WHTepecHa e fa ce crioMmeHe

npoueHTyanHaTa 3acTaneHoCT Ha KBapuoT Koja ce ABWXW BO rpaHnuuTe og 2.4 — 9,5

%. PeHreHckuTe gujarpamm ce npukaxanu so lMpwunor 1.

Tabena 13. MNpoueHTyanHa 3actaneHocT (%) Ha MUHepanHuTe ¢asun Bo

dOCHOPHMNOT rmnc

bp. 'wnc | bacanut | Auxmngpug | Kesapu

% % % %
XRD 1 87,7 3,8 n.d. 8,5
XRD 2 97,6 n.d. n.d. 2,4
XRD 3 74,5 16,6 3,0 6,0
XRD 4 92,6 n.d. n.d. 7,4
XRD 5 91,2 3,3 n.d. 5,5
XRD 6 96,9 n.d. n.d. 3,1
XRD 7 93,7 n.d. n.d. 6,3
XRD 8 95,9 n.d. n.d. 4.1
XRD 9 93,3 n.d. n.d. 6,7
XRD 10 90,5 n.d. n.d. 9,5
XRD 11 90,5 n.d. n.d. 9,5
XRD 12 93,0 n.d. n.d. 7,0
XRD 13 94,2 n.d. n.d. 5,8
XRD 14 92,0 n.d. n.d. 8,0
XRD 15 90,5 n.d. n.d. 9,5
XRD 16 91,6 n.d. n.d. 8,4
XRD 17 95,9 n.d. n.d. 4.1
XRD 18 94,8 n.d. n.d. 5,2
XRD 19 95,1 n.d. n.d. 4,9
XRD 20 93,6 n.d. n.d. 6,4

n.d. = He geTepMNHUpaHoO
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Tabena 14. SEM-EDS mncnutyBarwa Ha pocdopHMOT rmnc o4 AenoHnjata Ha XMB-
Benec
MuHepan/ca3sa/bp. SEM-EDS 1 | SEM-EDS 2 | SEM-EDS 3 | SEM-EDS 4 | SEM-EDS 5
Cyndat | Ca cyndat Major Major Major Maijor Maijor
Ba cyndat Trace Trace Trace Trace Trace
Sr cyndgat n.d. n.d. n.d. n.d. Trace
Minor Major Major Major Major
n.d. Trace n.d. n.d. n.d.
n.d. n.d. n.d. Trace n.d.
Trace Minor Minor Minor Trace
n.d. Trace n.d. n.d. n.d.
Trace n.d. n.d. n.d. n.d.

NcnutyBawaTa Ha MUHEPAanOLLKMOT COCTaB KOj Ce HanpaBeHW CO MpUMeHa Ha

SEM-EDS TexHukaTa ro nokaxysaaT NpuUCYCTBOTO Ha CrefHuUTe MUHepanHu ¢asu

(Tabena 14): Ca cyndart, Ba cyndart, Sr cyndart, kBapy, MyKa, LMPKOH, dTyopuT,

FeTi okcng n Fe xuapokena.

Mopdonowkute obnuum Ha NPUCYTHUTE MUHEpanHu a3y ce MNpUKaxaHu Ha
Tabena 15.
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Tabena 15: MopdonoLkn o6nuum Ha NPUCYTHUTE MUHEpPAnu Bo OOCHOPHNOT r1nc
(SEM-EDS)

41_SEM-EDS 1 41 _SEM-EDS 1

6/11/2018 | det |mode| WD |[spotimag O| == 200pum 6/11/2018 | det | mode| WD |[spot|mag O
11:50:13 AM | BSED |Z Cont|13.0 mm| 6.0 | 500 x 11:48:19 AM | BSED |Z Cont|13.0 mm| 6.0 | 500 x

41 SEM-EDS 1 SEM-EDS 1

Ba Sulphate

det 'mode| WD |spotjmag [ e 112018 | det | mode| \ spot|mag O
M |BSED |Z Cont/13.0 mm| 6.0 | 100 x 4:02 AM | BSED |Z Cont|13.0 mm| 6.0 | 250 x
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42 SEM-EDS 2

mode

)

spot mag O

PM | BSED |Z Cont|13.0 mm| 6.0 | 100 x

42 SEM-EDS 2

1 mm

42 SEM-EDS 2

det

mode

'\MD

Spot | ma

M| BSED |Z Cont|13.0 mm| 6.0 | 250 x

41 SEM-EDS 1

e

BSED |Z Cor

W D

spot| m

13.0 mm| 6.0

400 pm
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43 SEM-EDS 3 43 SEM-EDS 3

6/11/2018 | det |mode| WD |spot|mag O 6/11/2018 | det |mode| WD |spot|mag O 200 pm
12:43:03 PM |BSED |Z Cont!13.0 mm| 6.0 | 500 x 12:35:35 PM | BSED |Z Cont|13.0 mm| 6.0 | 500 x

42 SEM-EDS 2 42 SEM-EDS 2

det |mode| WD |spotimag O 6/11/2018 | det |mode| WD |spot/mag O
12:17:19 PM | BSED |Z Cont|13.0 mm| 6.0 | 250 x 12:06:29 PM | BSED |Z Cont|13.0 mm| 6.0 | 500 x




44 SEM-EDS 4 }_SEM-EDS 3

6/11/2018 | det |mode| WD |spotimag O 2 11/2018 | det |mode| WD |spot|mag O
12:48:55 PM | BSED |Z Cont|13.0 mm| 6.0 | 500 x 38:22 PM |BSED |Z Cont|13.0 mm| 6.0 | 250 x

43 SEM-EDS 3 _SEM-EDS 3

6/11/2018 | det |mode| WD |spotimag [ e 112018 | det |mode| WD |spot/mag O
12:32:37 PM | BSED |Z Cont/13.0 mm| 6.0 | 100 x B4:06 PM | BSED |Z Cont|13.0 mm| 6.0 | 500 x




44 SEM-EDS 4

6/11/2018 | det |mode| WD |spot/mag O 018 | det |mode| WD |spot/mag O
12:44:27 PM | BSED |Z Cont[13.0 mm| 6.0 | 500 x 12 PM | BSED |Z Cont{13.0 mm| 6.0 | 100x

44 SEM-EDS 4 4 SEM-EDS 4

/2018 | det |mode| WD |spotimag O 201 /112018 | det |mode WD spot'mag 0
03 PM|BSED |Z Cont|13.0 mm| 6.0 | 500x 53:59 PM | BSED |Z Cont[13.0 mm| 6.0 | 250x




EM-EDS 5 45 SEM-EDS 5

18 | det |mode| WD |spotimag O |/ 6/11/2018 | det 'mode| WD |spot/mag O
PM|BSED |Z Cont|13.0 mm| 6.0 | 100 x 1:09:48 PM | BSED |Z Cont|13.0 mm| 6.0 | 250 x

45 SEM-EDS 5

18 | det | mode| WD |spot rﬁagb | 6/11/2018 | det | mode| WD spot'maé 0
3 1:08:07 PM | BSED |Z Cont 13.0 mm| 6.0 | 1 000 x




XeMUCKMOT cocTaB Ha MuHepanHute dasm Ca-cyndat (Cn.9), Ba-cyndar

(Cn.10), Sr-cyndgat (Cn.11), ®dnyoput (Cn.12, Cn.13 n Cn.14) e onpeaeneH co

npumeHa Ha SEM-EDS TexHukaTa.

% 1E3 cps/eV

Ca Sulphate

1.0

0.8

D ——

0.4

0.2

0.0
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Cn 9. Xemucku coctaB Ha Ca-sulfatot odreden so SEM-EDS
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Cn.10. Xemuckn coctaB Ha Ba-cyndaT ogpeneH co CEM-E[JC
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Cn.11. Xemuckn coctaB Ha Sr-cyndat ogpeaeH co CEM-E[IC
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Cn.12. Xemucku coctaB Ha CaF ogpeneH co CEM-E[IC




x 1E3 ops/el

LD

0.6

0.4

z i 1] B 10 12 14 16 1B 0 22 24
kel

Cn.13. Xemucku coctaB Ha CaF ogpeneH co CEM-E[IC
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Cn.14. Xemuckn coctaB Ha CaF ogpeaeH co CEM-E[IC

75



Opa HanpaBeHuTe ucnuTyBawa Ha PasHUOT MUHEpPArneH cocTaB Ha OCHOPHNOT
rmnc co SEM-EDS meTogarta e yTBpAeHO NpUCyCcTBO Ha Tpu cyndaTtHn ¢dasm 1 Toa:
rmnc/aHxngpuT, npumeHeT GapuT U NPOMEHET LenecTuH u Toa ABata obnuka u

amopeH 1 KpucTaneH.

V.3. Pagnoxemmnckum ncnutysama

Pagnoxemuncknte wucnmntyBawa Ha npumepounte of PocdopHUOT runc ce
HanpaBeHn BO nabopaTtopunte Ha Actlab, Ontario, Kanada co npumeHa Ha
cneundunyHNTe MeToau 3a OBaa HameHa (KoM Cce MnpuKaxaHu BO MNOrna.jeTo

MeTogonorunja Ha paboTa) n nobrneHnte peaynatpu ce npukaxaHu o Tabena 16.

Tabena 16: Pe3yntatu og pagMoxeMmUCKNTe MeperaTta n OCHOBHaTa
AECKpPUNTMBHA CTaTUCTMKA Ha 5-Te npumepoum of pocdaTteH rmnc

BKyﬂHa BKyﬂHa 40K 232 238 226

a B, ’ Th, U, Ra,
Mpumepok 6p. Ba/kg Ba/kg | Ba/kg [|Ba/kg | Ba/kg | Bg/kg

1 1090 1610 300 | 200

2 980 1740 400 | 300

3 980 1980 400 | 400

4 820 1380 300 | 200

5 880 1760 400 | 300
ApuTMeTHYKa cpegHa 950 1694 <1000 | <10 | 360 | 280
MwHumanHa 820 1380 300 | 200
MakcumanHa 1090 1980 400 | 400

CraHgapaHa geswujaumja 104 220 55 84
KoedmumeHT Ha Bapujaumja 11% 13% 15% | 30%

Pesyntatute ykaxyBaaT Aeka BO cuTe npumepoun Gea M3MepeHu BKyMHUTE
anda n 6eta akTMBHOCTM U ieKa TUe rMaBHO NOTEeKHyBaaT of M30TonuTe o4 Hu3aTa
Ha 2. CneumduunnTe akTuBHOoCTM Ha *°K u usoTonute of HuM3aTa Ha ’Th Gea
noA HMBOTO Ha AeTekunja. Bapujaummte mery BkynHuTe anda n 6eta akTMBHOCTUTE
kKako U akTMBHOcTMTe Ha 22U Bo neTTe npumepoum ce Bo UHTepBsan oa 11% Ao 15%
M Ce MOHUCKM BO OJHOC Ha BapujaLuuTe Ha “2°R kou ce 30%.

[MoBUCOKM BpeQHOCTU Ha U3MepeHuTe crneumduyHn akTUBHOCTU O NpUpoaHuTe,
BGea gokaXHM Co HMBHa criopeaba co peayntaTute objaBeHU of NPeTXoL4HU CTyaun
HanpaBeHn BO Penybnuka CeBepHa MakenoHunja. CpegHute BpegHOCTM Ha
n3mepeHuTe BKynHaTta andga v 6eta cneunnyHn akTMBHOCTM BO pOCKOrMncoT ce

NnOBUCOKM BO OOHOC Ha cooaABEeTHUTE CpedHWN aKTUBHOCTU I'Iy6J'IVIKyBaHVI 3a no4ysuTe
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y30pKyBaHu BO OkonnHa Ha Benec (Dimovska et al., 2010) (Cnuka 5). AKTuBHOCTUTE
Ha 2*®U ce noBucoku of BpeaHocTUTe fo6ueHn 3a nousute Bo Benec (Dimovska et
al., 2010) n noBMCoOKM BO OO4HOC Ha NpoceyvyHuUTe BpedHOCTU 3a uena MakenoHuja
(CrojaHoBcka, 2010), (Cn. 15).
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Cnuka 15. Cnopenba Ha pesynartuTte 3a cneymuyHMTEe akTUBHOCTU BO
docgoruncoT n nousute o Penybnuka MakegoHuja

Bo nutepaTtyparta ce cpekaBaat ronem 6poj Ha cTyguMm Bo kou buna ncnutyBaHa
COApXMHATa Ha paavoHyKnMauTe Bo pocorvncoT Kako U 3a HeroBaTa NpUMeHa.
[MaBHO, kako M BO OBaa CTyaMja cneuuduyHUTE akTUBHOCTM Ha “?Th u “°K ce
MOHWCKU Of] BPeAHOCTUTE Ha PaaMoHyKNUaUTe o HuaaTa Ha 2°U. Op apyra cTpaHa
nak, nyGnuKkyBaHUTe aKTMBHOCTM Ha “?°Ra ce rmaBHo nosucoku of 28U, wTo He e

cnyyaj BO Hawaea cTyguja. Ha cnuka 4 ce npukaxaHu BpegHOCTUTE Ha
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cneumuyHnTE aKTMBHOCTKN Ha 226Ra BO doocormncoT o HEKOj 3eMju crnopeseHun co
npoceyHaTta BpegHoc Ha “?°Ra opn oBaa cryauja. BpepHoctute Ha “?°Ra Bo
docornncot og Ermnet (Khalifa and El-Arabi, 2005), Xpsatcka (Bituh et al., 2008),
JopaaH (Zielinski et al., 2011), CnoseHuja (Kobal, 1990), LnaHuja (Lopez-Coto et
al., 2014), 'pumja (Papageorgiou et al., 2016), Cpbuja (Rajkovi¢ et al., 2002) ce
MOBUCOKM BO OOHOC Ha pe3ynaTtute of oBaa CTyauja.

CornacHo co nogatouuTe of nutepatypata (Ha npumep: Mesic et al., 2016;
Rashad, 2017; Campos et., al, 2017; Saadaoui et., al, 2017) noHaTamowHaTa
npumeHa Ha OCHOrMncoT BO TPAAEXHUWTBOTO M BO 3eMjOOeNIMeTo, He €

NCKNy4yeHa.
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VIl.  BIWJAHNE BP3 XMBOTHATA CPEOVHA

[edunHnpaweTo Ha BNMjaHMETO Ha AenoHujata 3a doctopeH rmunc 3rpononum
(XMB-BEJIEC) Bp3 xmMBOTHaTa cpeauHa npecraByBa €4Ha o4 UCTPaXKyBayknte Tesmn
KOM ce nocTaBeHM 3a pellaBawe BO OBaa [dOKTOpcka paucepTtauuja. Camata
AenoHnja e knacuduumpaHa Kako xewka Toyka (hot spot) Bo ogHOC Ha Hej3MHOTO
BNujaHne Bp3 OKONMHaTa, nopagu HecpeaeHnTe Kucenm otnagHn BoAM 1 aenoHujaTa
3a runc, Koja ce KopucTena o No4YeToKOT Ha paboTeweTo Ha dabpukata Bo 1979
roguHa ao HejsnHoTo 3aTtBopake Bo 2003 rogmHa. Ha genoHujata 3a ¢ocdopeH
rnc ce Haoraat 3,7 MUIIMOHM TOHM Tunc 1 ce npoctupa Ha 70.000 m2. [denoHwujaTta
3a rMnc e cMmecteHa Ha okony 1,5 kunomeTpu jyro3anagHo on dabpuykuoT
KOMMIeKC, BO Mana gonvHa Mery pugosu.

[enoHuwjaTta 3a runc 6una nonHeTa nNpeky LeBKOBOA, NpU LUTO Ce npeHecysarne
UBpCTUTE OTMAAHW MaTepum BO OONUK Ha pocdopHormnceHa cycneHaunja. Bo
HenocpegHa 6nm3nHa Ha camaTta fenoHuja Teye pekaTa Bappap Taka wTo
npobnemute CcoO npouedyBakeTO Ha [OXAOBHULMTE Mpeky [AenoHujata Ha
¢OCHHOPEHNOT rnNC OCTaHyBaaT Kako npallame.

CamoT0 BnMjaHMe H genoHujaTa BP3 XXMBOTHaTa CpeauHa e UCTPaXyBaHO Mpeky
aHanusa Ha [Be BaXKHV eKOonoLlkn npobnemm n Toa:

1. Mepewe Ha coapXuHaTa Ha pafoH BO BO3QyXOT Ha camaTa [JenoHuja BO

peariHo Bpeme W,

2. BnuvjaHneto Ha OCKHOPHUOT rMNC BP3 CNOMEHUMUUTE Ha KynTypaTa BO

apxeosniowkunoT nokanutet CTobn a Npeky MOHUTOPUHT Ha aMBOMEHTANHMOT BO34yX U

oapeayBahe Ha KapaktepoT Ha NMM-10 yecTtnukuTe.

VI.1. OpgpenyBawe Ha coapXXMHaTa Ha pagoH BO BO34yXOT Ha AenoHMjaTa Ha
XUB-Benec

PagvoaktuBHUTE enemMeHTU BO npupogaTa ce NPUCYTHUM BO LUMPOK OMCer Ha
KOHLEHTpaLMmn BO CUMTe Kapnu, noysu M Boau. 3actaneHocTa u guctpubyumjata Ha
pPaavoHYKNNAW BO BO3AYyXOT MPBEHCTBEHO € NMpeAMeT Ha rnokanHata reororvja u
XEMMWCKMOT COCTaB Ha kapnuTe un BoauTe. Mefy TelKUTe pagmoakTUBHU eNeMeHTH,
HajuecTu ce 28U 1 *2Th, kon npoayLmMpaaT Apyrvt paanoakTUBHN U3OTOMM, Kako LITO

ce paguymoT 1 pagoHoT. Mako BO HalwmTe cpeauHu nyreTo n MHCTUTyUMnUTE ceyluTe
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He ce [OBOMHO 3ano3HaeHu CcO 3JpacTBeHWTe npobrnemn Kou Moxe fa v
npeansBuKa racoT pajoH, Toa He ja HamarnyBa noTpebaTa 3a HEroB MOHUTOPUHI BO
BOOUTE, BO3OYyXOT M noysute. PagoHOT uma nepuod Ha nonypacnag of 3,8 aeHa,
LUTO 3HA4M eKa BO OBOj BPEMEHCKN Nepuos NpoceyHo eaHa NofoBUHa o4 AaAeHOTO
KONM4YeCcTBO Ha aTOMW Ha pafoH Ke ce pacnagHe. OBa My AaBa AOBOSMHO Bpeme Mo
dopmupareTo fa ce guctpmbyupa on 3emjata M ga natyBa Ha 3HaYUTENHU
pacTojaHvja HU3 aTMmocdeparta. 3aToa MOXe Aa MpuaoHece 3a MPUCYCTBOTO Ha
pafoH BO OKONMHAaTa daneky of ognaranuwteto Ha dpocdormnc. He noctoun dpaktop
Ha KOHLUEHTpauuja 3a pagoH okony ognaranuuwTa Ha docdorunc. BoobuyaeHo
andpysmjata U KOHBeEKUMjaTa (BeTep) ro OTCTpaHyBaaT €BEHTyarlHOTO MOronemMo
HaTpynyBawe/KOHUEHTpUpare Ha pagoH 6nniy o ognaranuwtata Ha docdormnc
(FDHBRC and EPCHCAMD, 2011). Ako ce umaaT BO npeasua 1 hakToT Aeka pago-
HOT BO CBETCKM paMKu € BTOP MNPUYUHUTEN Ha KapuuvHOM Ha Genute Apoboswu
BeAHaLl nocne akTUMBHOTO Myllele, Kako M YeCT MNPUYMHUTEN Ha KapuuMHOM Ha
CTOMaKOT, KoM Hekako camu no cebe Hanoxwuja notpeba 3a eBngeHTUpaHe Ha MomMe-
HTanHata coctojba co pagoHOT BO BO34yXOT Ha MPOCTOPOT Ha ognaranuwiteto Ha
docdorunc kaj mecHocta 3rpnonun. Ha egHa BakBa notpeba ynatyBa u paktoT
AeKa pagoHOT npunara Ha rpynata Ha WHEPTHU racoBu, LUTO 3HA4M [eKka MHory
TELIKO cTarnyBa BO XeMUCKM BpCKa CO ApYrn enemMeHTun, a nped ce craHysa 36op 3a
pagnoakTMBEH rac, LWTO ro npasu akTop KOj MMa LITETHO BrivjaHWe BpP3 34pasjeTo
Ha HacerieHMeTo. Bo KOHTEKCT Ha Norope MUckaXkaHoTo ce NnoTeHuMpaaT U OCHOBHUTE
uenn Ha OBME Mepewa KoM ce ofHecyBaaT Ha opgpenba/aHanv3a Ha KOH-
UeHTpauumTe Ha pafoHOT BO amMOMeHTanHWMOT BO34yX Ha ofnaranuwiteto Ha

docporunc, kaj 3rpnonun.
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KopucTeHn MHCTPYMEHTU 1 MeToAM Ha oapea6a Ha 22Rn Bo BO3AyXoT BO
oanaranuwTeTo Ha ¢pocorunc, 3rpononum

MepereTo Ha NpUCYCTBOTO Ha padoHoT (Rn?%2

) BO BO34yXOT Ha 5 nokaumm kou
ja nokpmBaaT ceBKynHaTta noBpwuHa (~28545 m2) Ha ognaranuwTeTo Ha
doccornnc kaj nokanHocta 3rpnonun, a WUCTUTE Cce MNO3MUMOHUPaHM BO

TakaHape4eH uuk-uak pacnopep (Cnuka 16).

Cn. 16. To4kn Ha onpobyBara Ha KOHLEHTpauMMTe Ha paZoH BO BO34YyXOT Ha
NoKanHocTa Ha ognaranuwTeTo Ha docdorunc, 3rpnonum

Camnte aHanu3m Ha KOHLEHTpaummMTe Ha pagoHOT BO BO34YXOT Ce € M3BEeAEHO
Ha BucuHa og 0.5 m og TNOTO (OANOXEHWOT Matepujan) co ynotpeba Ha
AlphaGUARD DF2000 npodecroHaneH MoHUTOp Ha pagoH (Cnvka 17 3a mynTu-
napamMeTapCcKk/ aHanuan CO racHO HernponycTHa KOMopa 3a nyrficupayka joHu3auuja
(0,6 ).
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Cn. 17. Jlokaumm Ha aHanmsa Ha KOHUeHTpaumjata Ha pagoHOT BO BO34YXOT Ha
opnaranuwTeTo Ha docdorunc, 3rpnonum
a) Jlokayuja 1; 6) Jlokayuja 2; 8) Jlokayuja 3; 2) Jlokayuja 4, 0) JTokayuja 5

OnceroT Ha Mepewe Ha pafoHOT u3HecyBa o min 2 0o max 2 000 000 Bg/m?
Rn??, OceTnuBocTa 3a pafoH M3HecyBa: 1 cpm npu 20 Bg/m® (0,5 pCill).

OceTnuBocTa 3a oapeada Ha pafoH BO OAHOC Ha TOPOH: PagoH MUHUMYM 1 cpm npu

82



60 Bg/m? (1,6 pCi/l); TopoH (1 I/min) muHumym 1 cpm npu 200 Bg/m?® (5,5 pCi/l) n

TOPOH (2 I/min) MuHumym 1 cpm npu 140 Bg/m? (3,8 pCill).

Pe3ynmamu o0 MmepeHn-ama Ha KOHUyeHmpauuja Ha pa@oHom 6o 8033yxom 6o

odnazanuwmemo

MeperaTta Ha KOHUEHTpauujaTa Ha pPadoHOT BO amMbWEeHTanHMOT BO3AyX BO

obnacta og MHTEpPEC, a KakKo LWTO Beke e cnomeHaTo, bea npocneneHn co ,D,eTeKU,VIja

Ha andga-4ecTUYKM BO jOHM3UpaYka KoMopa Npu NPOTOK/LMpKynaumja Ha BO34yXOT BO

cucTeMoT. PesyntaTuTe of MeperaTa Ha KOHLeHTpaumjata Ha pagoHoT (Bo Bg/m?®)

BO BO34yXOT Npu Meperarta ce gageHa Bo Tabena 17.

Tabena 17. Mepeha Ha KOHLEHTpaunjata Ha pagoHOT BO aMBUeHTanHMoT BO34yX
Ha NPOCTOPOT Ha ofnaranuLITETo Ha pocdormnc Bo nokanHocta 3rpnonuu (Bgem™)

Bpeme Ha

BosgyweH

Meperbe, 2Rn MPUTICOK, Pen. BnaxHocT, TemmipaTypa,

AeH/yac (Bq/m) mbar % C
Loc 1 oves | 2177 985,37 64,23 25,76
Loc 1 83;2'32020 21,92 985,35 65,00 25,82
Loc 1 522020 1 2236 985,26 70,58 26,10
Loc 1 83;292020 21,51 985,25 70,93 26,19
Loc 1 (1)2;8'02020 143,20 985,22 70,13 26,27
Loc 1 825322020 51,50 985,23 66,63 26,41
Loc 2 0o0n | 2194 985,56 64,96 27,09
Loc 2 82;8'92020 21,94 985,56 65,80 27,27
Loc 2 (1)2;?62020 50,78 985,52 69,21 27 46
Loc 2 (1)2;?;32020 52,35 985,54 66,29 27,91
Loc 2 (1)2;?;12020 51,69 985,58 65,70 28,05
Loc 2 82;?;52020 49,11 985,55 62,86 28,19
Loc 2 (1)2;?.62020 21,55 985,58 62,51 28,31
Loc 2 oot | 5156 985,63 63,02 28,59
Loc 2 18.6.2020 | 51,65 985,68 59,75 28,93
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08:20

18.6.2020

Loc 3 08:25 21,02 986,54 61,08 29,60
Loc 3 82;2'72020 21,97 986,62 65,63 29,85
Loc 3 (13222.82020 21,95 986,63 63,59 30,02
Loea 1902020 | 2235 | 986,69 62,76 30,50
Loc 3 (13222552020 22,26 986,68 62,74 30,66
Loc 3 (1)2;2;52020 52,93 986,72 59,96 30,88
Loc 3 gg;gézozo 22,05 986,73 56,09 30,97
e d 82;2‘02020 50,54 987,03 57,19 31.23
e s 82;2'22020 21,64 987,03 56,79 31.37
Loc 4 82;?152020 21,67 987,01 58,28 31,49
Loc 4 (1)222-42020 21,70 987,01 58,02 31,59
Loc 4 (1)22461.52020 90,71 986,98 57,13 31,68
Loc 4 1802020 | 2185 | 987,00 56,99 32,00
Loc 4 8252’12020 52,51 986,95 55,84 32,30
Loc 4 82?2'22020 51,80 986,93 54,51 32,41
Locs 502020 1 2234 987,71 54,36 32,53
Loc 5 (1322282020 52,74 987,68 54,91 32,54
Locs 0502020 1 21,40 987,67 54,80 32,63
Loc s 88;3'32020 22,37 987,67 53,72 32.90
Loc 5 (13828.62020 21,73 987,64 52,18 33,21
Loc s 88;8'72020 53,19 987,67 49,46 33.29
Loc 5 (1382852020 22,14 987,62 50,18 33,41
Loc s 88;892020 22,10 987,63 49,07 33,52
Loc 1-5 stat | Min 21,02 985,22 49,07 25,76
Loc 1-5 stat | Max 143,20 987,71 70,93 33,52
Loc 1-5 stat | Average 37,10 986,47 60,34 29,97
Loc 1-5 stat | Median 22,30 986,68 60,52 3058
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Kako wto moxe ga ce Bngm og Tabena 17 norope onceroT Ha KOHUEHTpauumTe
Ha pagoHoT ce asmxkewe og 21,51 go 143,20 Bg/m (cpeaHa BpegHocT 47,04 Bq/m3)
Ha nokauujata 1, o 21,55 no 52,35 Bg/m® (cpeaHa BpeaHocT 41,40 Bg/m®) Ha
nokauvjata 2, og 21,02 go 52,93 Bg/m® (cpegHa BpeaHocT 26,36 Bg/m®) Ha
nokaunjata 3, og 21,64 o 90,71 Bg/m® (cpemHa BpegHocT 41,55 Bg/m®) Ha
nokauujata 4, kako v oa 21,40 go 53,19 Bg/m® (cpeaHa BpeaHocT 29,75 Bg/m®) Ha
nokauuvjata 5. Kako Wwto moxe ga ce BMAM OA4 U3MEPEHUTE BPELHOCTU, ONCEroT Ha
N3MepeHNTe KOHLUEHTpauum Ha pagoHOT, OCBEH ABe ‘yparaHCku BpedHoCTU”, ce
[BWXelle BO TECHW rpaHULM co MeryceGHu pasnukm op 30-THa Bg/m°. Bakeata
KOHCTaTauuja ywTe noBeke goara OO m3pas ako ce 3emaTr BO npeasug 30upHute
BpeaHOCTUM 3a cuTe 5 nokauuu, npu WTO cpeaHata BpegHocTt og 37,10 Bq/m3 "
mMeamjaHata o 22,30 Bg/m® 36opyBaaT 3a penlaTMBHO TECHWOT Oncer Ha U3MepeHU
KOHUEHTpaumm Ha pagoH (Tabena 17).

3apagn noronema WycTPaTUBHOCT Ha W3BPLUEHUTE Mepew,a Ha AujarpamoT
AageH Ha Cnvka 18, rpaduykm ce npuKaKaHW KOHLEHTpauuMuTe Ha pagoHOT BO
amMOMeHTanHMOT BO34yX BO TEKOT HA MepewaTa, Kako Ha Cekoja nokauwmja
noopaenHo (Cnuka 18a-184), Taka M 30MpPHO 3a cUTE fOKaLMM CO HUBHUTE CpeaHu

BpegHoctn (Cnnka 18f).
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Cn. 18. Anjarpamun 3a TEKOT Ha Meper-aTa Ha KOHLUEHTpaLMmMTe Ha pagoHOT BO

aMmbueHTanHuoT BO34yX BO ognaranimuTeTo Ha (bOC(*)OFVII'IC Kaj JIOKaJtHoCTa

3rpnonum (Bg/m?)

a) Jlokayuja 1; 6) Jlokauyuja 2; 8) Jlokayuja 3; ) Jlokayuja 4, 0) Jlokayuja 5; r)
YnpoceueH npuka3 Ha epedHocmume 00 Meperama Ha KOHUeHmpauyuume Ha

padoHom 80 cume 5 flokayuu ; ucripekuHamume fiuHUU 80 3erieHa boja 20 dasaam
orce2om Ha Uu3MepeHUme KoOHUeHmpauuu Ha padoHom (20pHa u dosiHa epaHuua)

Bp3 ocHoBa Ha mepewaTta u npecmeTtkmte (Tabena 17 n Cnuka 17), moxeme ga

KOHCTaTMpamMe [Jeka KOHLEHTpauMum Ha pafoHOT BO MEPEHUTE MPUMeEPOLU

HECOMHEHO yKaxXyBaaT Ha BOE€QHaA4YeHOCTa Ha AerNnoHUnpaHUTE MacCu Ha (bOC(bOFVII'IC,

NOCTOEHE Ha CJIMYHU YCIT10BU MPU MepernaTa, Kako LITO Cce BO3AYLIHUOT NMPUTUCOK,
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BNa)HOCT Ha OKOJTHMOT BO3AyX, Temnepartypa (Tabena 17), HO n BoeaHA4YEHOCT Ha
BNaXHOCTa Ha martepujanoTt docdormnc, HabueHoCcT Ha maTepujanoT, roneMmHaTa
Ha 3pHaTa, NOpPO3HOCTa, AMAY3MOHUTE KapaKTEPUCTMKN U CIAMYHU NapameTpu Kou
MMaaT CBOE rofieMo BfMjaHMe BP3 KOHLEHTpaLMUMTe Ha pafoHOT BO MPOCTOPOT OA
MHTepec. Toa BnujaHne npen cé ce MaHuUdecTMpa MOXHOCTa Ha pafoHOT ga ce
pawmpn HM3 MaTepujanoT npen Aa MOXe Aa ro HanywTu, a HeroBaTa Op3nHa Ha
ucnywtawe o martepujanoT € nosp3aHa CcoO AMGY3MOHUTE KapakKTEPUCTUMKM Ha
nctnotT. Kora He ce NOCTUrHyBa pamMHOTEXa BO NPoLEcoT Ha Audysnja, 3atoa WTO
ako Ha pagoHoOT My Tpeba npemHory Bpeme 3a fa CTUrHe OO noBpLunHaTa (nepuopg
Ha nonypacnag 3.8 geHa), Toj Ke ce pacnagHe npeg Oa MOXe Aa CTUrHe BO
Bo3ayxoT. Cé& crnomeHaTo Marsky norope Bnujae Ha cTankata Ha gudysunja Hu3
MaTepujanoT, a Co Toa Bfvjae U Ha cTankata Ha emucuja Ha pagoH. [NpukaxaHute
KOHLEHTpauMm Ha pagoHOT BO BO3AYyXOT Had oafiaranuuteto Ha docdornnc Kaj
3rpnonuu ce 6apem 3a OABe MarHUTyauM MOBUCOKW of BOooGMYaeHuTe npoceyHn 10
Bq/m?®, yTBpAEHM Kako roAuMLLIEH NPOCEK 3@ KOHLIEHTPALMUTE Ha pafoH Ha OTBOPEHM
npoctopn (UNSCEAR, 1993), HO cekako MNOBMUCOKW W OfF KOHUEHTpauuuTe Ha
pafoHoT (Bo npocek 12 Bg/m®) Bo Bo3myxoT okony Benrpaa, P. Cp6uja (Kolarz et
al., 2020), HapopgHa Peny6numka KuHa (Bo npocek ~13-14 Bg/m® (Wu et al., 2016) u
apyru.

WcTo Taka, ofejkm egeH Yekop noHanpesn, Bp3 OCHOBA Ha NPOCEYHUTE, MU3BMEPEHM
BPEAHOCTWN Ha paJoHOT ja NpecMeTaBMe MU3MOXEHOCTa Npy BAMLIYBake Ha pagoHoT,
OOHOCHO, Gea npecMeTaHu roauwHuTe emeKTUBHM [03M Ha WU3FOXEHOCT Ha
jOHM3aUNOHO 3padverse Koe 6w ro npumune (o4 PagoHOT) NoefuHUM Ha rogMLIHO
H1BO (Tabena 18), Kako NPeCcToj Ha OTBOPEHO N NPECTOj BO 3aTBOPEH NPOCTOP.

loauwHaTa ehekTMBHA 403a 3apaan U3NOXEHOCT (BAMLWLYBaHwe) Ha pagoH, Ern,
n3HecyBa:

a) Ha OTBOPEH NPOCTOpP

Eg,(mSv/y) = 6,7 x 107% * Cg, (Bq/m?) * 2000(;)

0) BO 3aTBOPEH NPOCTOP

Eg,(mSv/y) = 6,7 x 107° % Cp,, (Bq/m?) * 7000(%)

Kape: Eg, (mSv/y) ) e epektnBHa A03a 3apaam U3NOXeHOCT (BAULLYBaHE) Ha

pagoH Ha roguLHO HUBO

Crn, (Bq/m3) - e namepeHara KoHLEeHTpauuja Ha pafoH BO NPEAMETHMUOT NPOCTOP
6.7 * 10° mSv Ha Bg/hm?® koeduumeHT Ha fo3a
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Tabena 18. lNpecmeTaHn BpeAHOCTU 3a M3NOXEHOCTa Npu BAULLYBaH€ Ha pagoHOT
o4 amOMeHTanNHMOT BO34yX Ha oAafiaranuiTeTo 3a ocdormnc Kaj nokanHocrta
3rpononuu

Jlokauwmja Ha onpobyBare Jlokaumja 1 | Jlokaumja 2 | Jlokaumja 3 | Jlokaumja 4 | Jlokaumja 5

Bpoj Ha mepeta 6 9 7 8 8

222Rn (Bg/m?®) 47,04 41,4 26,36 41,55 29,75

loguwHa edDeKTVIBng,E,O3a
npv BaUWYyBare Ha “““Rn
(mSvl/y) BO 3aTBOpPEHN
npocTopuu

1,19 1,04 0,66 1,05 0,75

loanwHa edpekTMBHa go3a
Npu BAMLLYBatbe Ha “?Rn 0,45 0,39 0,25 0,39 0,28
(mSv/y) Ha oTBOpEHO

36upHa (Z) edbekTviBHa 03a
OTBOPEHO+3aTBOPEHO 1,63 1,44 0,91 1,44 1,03

EdektneHute gosm (Egr,) Ha 3atBopeHo ce aBwxea on 0,66 mSv/y oo 1,19
mSv/y (cpegHa BpegHocT 0,94 mSvly), pogeka npecMeTkuTe Ha BpPeAHOCTUTE npwu
eBeHTyaneH npectoj Ha oTtBopeHo 6ea Bo oncer o 0,25 mSv/y go 0,45 mSvly
(cpegHa BpegHocT 0,35 mSv/y). 36MpHUTE, OAHOCHO, CyMapHUTE anconyTHU 6pojHK
BpegHOCTU Ha 36upHuTe ehektnBHm fosm (Egrn), ce asmxkea Bo oncer og 0,91 mSv/y
no 1,63 mSvly (cpegHa BpegHocT 1,29 mSv/y). AHann3aTa Ha oBue ePEKTUBHU 403N
CeKako nokaxa feka cpegHaTta BpeAHOCT 3a 3aTBOPEHU NPOCTOpuM MHory 6nmcky Ao
MakCMMarnHo npenopadaHuTe 3a NnoeguMHeYHn 4o3n kaj obnyHoTo HaceneHune (1 mSv
y'), cpemHaTa BpegHOCT 3a NPecToj Ha OTBOPEHO e Mof  MaKCUMarHO
npenopayaHuTe [03W, Jodeka nak 30vpHUTe 003M HagBOp/3aTBOPEH NPOCTOp Ha
roguWwHO HWBO ja HagMuWHyBaaT Taa BpPegHOCT BO Uen oncer Ha onpobysawa
(nokaumja 1 — nokauwmja 5). Tyka cekako Tpeba aa ce MmaaT BO NpeaBua U JO3nUTe o4
Opyrn M3BOpU Ha pagujauMoHU U3BOPU Kako LUTO ce K, 2Th n 2*U Ha uctuor
nokanutet (Bo BMUcUHa o 0,24537 mSvly; Janyes u gp., 2020). Cenak, Tyka cakame
[a noTeHuMpame Aeka npoueHeTaTta cpefHa roamwHy edpekTuBHa gosa He Tpeba ga
ce 3ema BO npeaBua NpecTporo, buaejkn obemMHO ce KOPUCTEHU CpeaHN BPeLHOCTMW.
Taka Ha npumep, crnopea npoueHkuTe Ha UNSCEAR (2000), aypu 65% o nyreTto ce
N3noxeHn Ha gosun oa 1 go 3 mSv, goaeka 25% opf NyreTo ce U3NOoXeHW Ha O03n
nog 1 mSv u camo 10% o4 HMB ce M3NMOXEHM Ha Oo03uM Hag 3 mSv, WTO HaWKoT
nokanuteT oA WHTepec Ou ro knacudpuuyupano Bo HajbpojHaTa rpyna Ha nyre co

N3no)eHocT Ha go3m o 1 oo 3 mSv.
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VI.2. BnunjaHueto Ha pochOopHUOT rMnc Bp3 CNOMEHMUUTE Ha KynTypata BO

M3BewTaj 3a KBanuTeT Ha aM6MeHTeH BO3AYyX — KOHLLEHTPALMK Ha cycneHaupaHu
yecTUUKM (ppakumja PM10) Bo 30HaTa Ha apxeonowku nokanuret Ctobum

apxeonowkuoT nokanutetr CToOM npeKy MOHUTOPUHI Ha amMOMeHTanHuWoOT

BO3AyX U oapeayBake Ha KapakTtepoT Ha NMM-10 yecTuukuTe.

CkynntypuTe HanpaBeHW O MepMep M BapOBHMK MmaaT NocebHO MecTo BO
apxeonowknoT nokanuteT CTobun, o4 TOj acnekT U HMBHAaTa 3alTvTa nma nocebHa
BaXXHOCT. ApxeonowknoT nokanutetr CTtobum ce Haora Bo Penybnuka CeBepHa
MakegoHuja (Cn.19) Bo 6nmamHata Ha 'pagcko oo camumot aBtonat Ckonje-ConyH.
ApXEOnNOLWKMOT FOKanMTEeT MOTEeKHyBa O PUMCKO BpemMe U e MHory 6orat co
3Ha4ajHN KyNTYPHO UCTOPUCKM CMIOMEHULMN NPETCTAaBEHM CO CKYNNTYpPU, PENUTMO3HU
aptedaktn, mosauum, ctondoen n gp (boee et ann, 2008). MHory oag oBue
CKynnTypu BO nokanutetot CTobu nokaxysBaaT 3HaLM Ha MHTEH3MBHA MOBPLUMHCKA
Aerpagaumja Ha MepmepoT Kako nocneguua Ha aHTPOnoreHnTe hakTopu Kako LUTO
ce: BNaXHOCTa Ha BO3QyXOT, TeMmnepaTypHUTE MNPOMEHMW, 3aragyBareTO Ha
Bo3gyxor co [IM-10 4yecCcTuyku, COMEeHM  pacTBOpW, arpecuBHOCT Ha
Mukpobmonowknte 3aegHmunm u  gp. (Bulakh, 2005; Vlasov and Frank-
Kamenetskaya, 2006). MoHuTOpuHrotr Ha nokanutetor CTobm nogpasbupalle
nocTaByBak€ Ha CTaHuLa 3a criegewe Ha aMOMeHTanHMoT Bo3ayx U cobupare Ha
npumepoun of ambueHtaneH Bo3gyx (Frank-Kamenetskaya et al., 2003, 2005;
Lepeshkina et al., 2005). [JobneHnTe pe3yntaTi nokaxysaaT NPUCYCTBO Ha MMNC BO
3eMeHuTe NpMMepoLM of amBMeHTanHMoT BO34yX a CO CaMOTO Toa ce HaMeTHyBa U
notpebarta of 3awTuTa Ha MepmepHuTe ctaTym Bo Ctobu. Tpeba aa ce cnomeHe
AeKka KOKO nocneamua Ha uHTepakumjata Ha [MM-10 yectnyknte og ambueHTanHmoT
BO34yX M CKyNNTypuTe KOW Ce HanpaBeHW O MepMep WnvM BapoBHMK goara Ao
nojaea Ha natuHa ( surface erosion and forming of thick black crusts, the presence of
biological films, stone detachment, microkarst, alveolar weathering and others)
(Camuffo et al., 1983; Garcia-Vallés et al., 1998; Feely et al., 2000; Maravelaki-
Kalaitzaki, 2005; Gross et al., 2006; Siegesmund et al., 2007; Kramar and Mirtic,
2008).

Bo TekoT Ha jyHn 2020 rogmHa HanpaBeHW ce Mepersa Ha KBanuTeToT Ha
aMbueHTanHMoT BO34yX W 3eMeHM ce npumepoun 3a oppaeyBawe Ha [MM-10

YECTUYKUTE!
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Oatym m

09.07.2020 / WTun
MecTo

Bpoj Ha naBewTa;j 0503-28/145

Hay4HOo uctpaxyBauku npoekT
NHTepHa HapayHa, AocTaBeHa Ao
ApxeonoLuku rnokanutet CTobwu
Ct06u 1420 Npaacko

Ten: +389 43 251 026

E-mail: contact@stobi.mk

HapauaTten:

YHuepauteT ,[oue Oenyes“— LUtun
dakynTeT 3a NPUPOAHN U TEXHUYKN HayKn
Wndopmauum 3a JNabopaTopuja AMBUKOH- Kamnyc 2
M3BOPOT Ha r “ 60.89 LLI
nopaTouu: yn. ,lfoue Oenyes” 6p. ™Mn

Ten: 032 550-569; 032 550-584,
e-mail: ambicon@ugd.edu.mk

Onuc Ha
Kon Anpeca KoopamHatu nokaLuja
OnwTK nogaTouu 3a A
MepHUTe MecTa . PXEONOoLLKN
P MM nokanuteTt 7.538.275 | 4.646.517 nepumeTap
AK C1o6u Ha objeKkToT

Mepuop Ha n3BecTyBake: o 13.06 oo 24.06.2020

MepeH napameTap: CycneHampann yectnykm cppakumja > 10 um (PM10)

MKC EN 12341:2014 Am6ueHTeH Bo3ayx — CtaHgapaHa
MeTo[a Ha rpaBUMETPUCKO MepeH-€ 3a ogpeayBare Ha
L4410 (PM10) nnn LUY2,5 (PM 2.5) maceHa dpakumja oa
cycrneHanpaHnTe LUBPCTU YecTnykm [A]

MepeHa meToga/cucrem:

CekBeHuuMjaneH cucTem 3a rpaBUMETPUCKO Mepere Ha
KOHLUeHTpauuja Ha npawwuHa, Tmn PNS 16T-3.1, Comde

UHCcTpyMeHT: Derenda, Germany co 16 countep KaceTn 3a KOHTUHYNpaHo
3emMame Ha npobu oa Bo3gyx, cornacHo MKC EN
12341:2014

HuBoO Ha To4YHOCT: PedepeHTO, cnopen akpeantnupaHa metoaa.

Ypenba 3a rpaHnyHn BPeAHOCTU 33 HUBOA U BUOOBU Ha
3araglyBayku CyncTtaHuum BO aMOMEHTHUOT BO3AYX U
nparoBun Ha anapMmpare, POKOBM 3a NOCTUrHYBaH-€ Ha
rpaHMYHUTE BPEAHOCTU, MaprMHU Ha TonepaHuuja 3a
PedepeHTHM [OKYMEHTHU rpaHWyHa BPeOHOCT, LeNHN BPegHOCTU U JONTOPOYHN Lienm
(Cnyx6eH BecHuk Ha PM, 6p. 50/05 n 183/2017).
MpaBUNHUKOT 3a KpUTEPUYMUTE METOAOSOrMjaTa un
noCTankuTe 3a oueHyBaHwe Ha KBanNnTeToT Ha aMONEHTHMOT
BO34yX, (Cnyx6eH BecHuk Ha PM, 6p.169/13).

CymapeH NPpUKa3 Ha pe3ynrtatuTte o4 MepermaTta

OBOj OOKYMEHT ro JaBa CyMapHUOT Npukas Ha pesyntatute o pedepeHTUTe Mepera Ha
KOHUeHTpauujata Ha UBPCTM 4YecTudkm - dpakunja PM 10 Ha nokaumja BO 30HaTa Ha
apexeonowknoT nokanutet Ctobu. ®oto mana u dortorpadmm o MEPHOTO MECTO Ce AafeHu BO
AHekc 1.
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MOHUTOPMHIOT Ha NokauuuTe e U3BpPLLEH BO LIENOCT cornacHo 6apanata Ha MKC EN 12341 : 2014
AmOueHTeH Bo3ayx — CTaHgapaHa MeToda Ha rpaBUMETPUCKO Mepewe 3a oapenyBawe Ha L|Y10
(PM10) nnmn LU4Y2,5 (PM 2.5) maceHa dhpakumja o cycneHanpaHiTe LBPCTM YeCTUYKK, a fobrneHnTe
pesyntatu ce cnopedeHn co Ypegbata 3a rpaHWYHM BpegHOCTM 3a HMBOA W BMOOBM Ha
3aragyBaykuM CyncTaHumMmM BO aMOMEHTHMOT BO34yX W MNparoBM Ha anapMupare, POKOBM 3a
NOCTUrHyBare Ha rpaHUYHUTE BPEOHOCTW, MaprHy Ha TonepadLumja 3a rpaHuyHa BPeaHOCT, LernHu
BpeaHoCTU 1 gonropoyHn uenu (CnyxbeH BecHnk Ha PM 6p.50/05 n 6p.183/2017).

TabenapeH npukas Ha M3MEpPeHUTE BPEAHOCTM Ha AHEBHO HMBO (MPOCEYHU 24 4acOBHM
KOHUeTpauun) e AafeH Bo NpoaoSKeHne.

HanomeHa: MeTeoponowkite nogatounm Ha MepHaTa rnokauuja ce [JobueHn co
WHTerpupaHa asToMaTtcka MeTeporowka craduua DAVIS VANTAGE VUE PRO, a
BKryyyBaaT; 6p3vHa 1 npaBeL Ha BeTap, TemnepaTtypa ¥ BMaXHOCT Ha BO34yXOT, Kako U
OpOojoT Ha HacTaHW N KONMYHaTa Ha BPHEXMN.

OeH: 13.06.2020

OnwTK nogaToum
Kog Ha mepHO MecTo MM1-AK Bpeme Ha mepemne
) MoyeTok Kpaj
KoopauHaTu Ha nokaumjata
[ata Yac Hata Yac
Y X
13.06.2020 00:00 | 14.06.2020 | 00:00
7.538.275 4.646.517
Twn Ha punTep PTFE 47 mm Kog Ha dountep 10062004PC-47
MeTeoponoLlKM ycrnoBu
MuHumym | Makcumym CpegHa | BpHexu: Hema

Temnepatypa (°C) 16 28 22 Bua: /

BnaxHocT (%) 34 69 50 Konuuuna: /

BpsuHa Ha BeTep (m/s) 0 24 0.3 Fowm. .

npaseL;

CycneHavpaHu Yyectnykn (ppakumja - PM10) BpegHoct EguvHnua

M3mepeHa BpeaHocT (nMpocek 24h) 12 | [ug/m?]

MpaHnyHa BpeaHoCT 50 | [ug/m?]

CrtaHpapaHa MepHa HeofpeneHocT 1 [ug/m?]

MpolwmpeHa MepHa HeogpeaeHOCT +25| [ug/m?
OeH: 14.06.2020

OnwTK nogaTouun

Kog Ha mepHo MM1-AK Bpeme Ha meperse

MecCTO:

) MoueTok Kpaj
KoopavHatu Ha nokaumjaTa
[ata Yac Jata Yac
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7.53;_275 4.64:.517 14.06.2020 00:00 15.06.2020 | 00:00
Tun Ha unTtep PTFE 47 mm Kop Ha duntep 10062005PC-47
MeTeopornoLkM ycrnosu

MuHUMYM Makcumym CpegHa BpHexun: Hema

Temnepatypa (°C) 13 31 24 Bua: /
BnaxHocT (%) 26 67 45 Konunuuna: |/
Bp3nHa Ha BeTep (m/s) 0 2.9 0.3 ngaoshgu:
CycneHaupaHu Yyectuykm (copakuuja - PM10) BpeaHocT | EanHnuya
M3mepeHa BpegHocT (Npocek 24h) 12 | [ug/m?
MpaHU4Ha BpegHOCT 50 | [ug/m?]

CraHgapaHa MepHa HeoapeneHoCT

+1,3 | [ug/m’]

MpoLumnpeHa MmepHa HeoapeaeHoCT

+25| [ug/m?

HeH: 15.06.2020

OnwTn nogaToum

Koa Ha mepHOo MM1-AK Bpeme Ha mepere
MeCTO:
. MoueTok Kpaj
KoopanHaTu Ha nokauujaTa
[ata Yac [ata Yac
Y X
15.06.2020 00:00 16.06.2020 | 00:00
7.538.275 4.646.517
Tun Ha unTep PTFE 47 mm Koa Ha dounTep 10062006PC-47
MeTeoponoLuku ycrnosu
MuHumMyMm Makcumym CpenHa BpHexu: Hema
Temnepatypa (°C) 13 32 25 Bua: /
BnaxHocT (%) 19 66 38 Konuyuna: /
Bbp3nHa Ha BeTep (m/s) 0 25 0.2 HAowm. .
npaseu;:
CycneHgupaHu Yyectuykm (copakuuja - PM10) BpeaHocT | EanHnuya
M3mepeHa BpegHocT (Npocek 24h) 11 | [ug/m?]
MpaHW4YHa BpegHOCT 50 | [ug/m?]

CTaHOapaHa MepHa HeoapeaeHoCT

+1,3 | [ug/m?]

MpoLumnpeHa MepHa HeoapeaeHoCT

+2,5 | [ug/m’]
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HeH: 16.06.2020

OnwTn nogaTouw

Koa Ha mepHo MM1-AK Bpeme Ha mepere
MecCTO:
_ MoyveToK Kpaj
KoopauHaTtu Ha nokauujata
Jata Yac Jata Yac
Y X
16.06.2020 00:00 17.06.2020 | 00:00
7.538.275 4.646.517
Tun Ha dounTep PTFE 47 mm Kog Ha dountep 10062007PC-47
MeTeoporoLuku ycrioBu
MwuHUMyM Makcrmym CpenHa BpHexu: Hema
Temnepatypa (°C) 17 29 23 Bua: /
BnaxHocT (%) 29 72 48 Konuuumna: /
BbpauHa Ha BeTep, m/s 0 1.8 0.3 [owm. npaseL;
CycneHavpaHu YyecTtnykm (ppakumja - PM10) BpenHocTt | EgnHuua
M3mepeHa BpegHocT (Npocek 24h) 20 | [ug/m?]
'paHnyHa BpegHoCT 50 | [ug/m?]
CraHpapaHa MepHa HeofpeneHocT +1,3| [ug/m?
[MpowmpeHa mepHa HeoapeaeHoCT +25 | [ug/m?

HeH: 17.06.2020

OnwTn nogaToum

Kog Ha mepHO MM1-AK Bpeme Ha mepene
MecCTO:
_ MoueTok Kpaj
KoopanHaTu Ha nokauujaTa
[HaTta Yac Hata Yac
Y X
17.06.2020 00:00 18.06.2020 00:00
7.538.275 4.646.517
Tun Ha counTep PTFE 47 mm Kop Ha ountep 10062008PC-47
MeTeoponoLkn ycrosu
MwuHUMyM Makcrmym CpenHa BpHexu: Hema
Temnepatypa (°C) 16 27 20 Bua: /
BnaxHocT (%) 35 78 62 Konuuumna: /
Bbp3nHa Ha BeTep (M/s) 0 3.6 0.3 Jom. npaBeL;
CycneHavpaHu YyecTnyku (ppakumja - PM10) BpegHoct | EanHuua
M3mepeHa BpegHocT (Npocek 24h) 9 | [ug/m?]
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["paHn4Ha BpegHoCT

50

[Hg/m’]

CraHgapgHa MepHa HeoapeaeHocCT +1 [ug/m?]
[NpowmnpeHa mepHa HeogpeaeHoCT +25 | [ug/m?]
OeH: 18.06.2020
OnwTn nogatoum
Koa Ha mepHo MM1-AK Bpeme Ha mepere
MeCTO:
_ MoueTokK Kpaj
KoopauHaTtu Ha nokauuvjata
[ata Yac [ata Yac
Y X
18.06.2020 00:00 19.06.2020 00:00
7.538.275 4.646.517

Twun Ha counTtep PTFE 47 mm

Kog Ha cpunTep

10062009PC-47

MeTeoponoLuku ycnosu

MuH1Mym Makcumym CpegHa BpHexu: Hema
Temnepatypa (°C) 14 30 22 Bua: /
BnaxHocT (%) 29 82 51 Konuyuna: /
BpsunHa Ha BeTep (m/s) 0 1.9 0.1 Aow. .
npaeeL:
CycneHanpaHu yectuykn (ppakumja - PM10) BpegHocT | EanHnua
M3amepeHa BpeaHocT (npocek 24h) 11 | [ug/m?]
IpaHW4YHa BpeaHOCT 50 | [ug/m°]
CraHpoapgHa MmepHa HeoapeaeHocT 1 [ug/m?]
[MpolwmpeHa mepHa HeoapeaeHoCT +25 | [ug/m?]
OeH: 19.06.2020
OnwiTv nogaToLm
Koa Ha mepHO MM1-AK Bpeme Ha mepere
MeCTO:
_ MoyeToK Kpaj
KoopaumHaTtu Ha nokauujata
Jata Yac [ata Yac
Y X
19.06.2020 00:00 20.06.2020 | 00:00
7.538.275 4.646.517

PTFE 47 mm

Twun Ha unTep

Kog Ha dunTep

10062010PC-47

MeTeoponoLuku ycrnosu

MuHUMYM

Makcumym

CpegHa

BpHexu: Hema
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Temnepartypa (°C) 16 31 24 Bua: /
BnaxHocT (%) 22 66 41 KonuyuHa: /
Bbp3nHa Ha BeTep (m/s) 0 4.6 0.4 [owm. npase:
Cycnengupanu vyectudku (ppakumja - PM10) BpegHocT | EamMHuua
M3mepeHa BpeaHocT (Mpocek 24h) 9| [ug/m?
MpaHW4Ha BpeaHOCT 50 | [ug/m?]
CtanpapaHa mepHa HeogpeneHoCT 1 [ug/m?]
MpolwmpeHa mepHa HeogpeneHoOCT 2, [pg/m3]
OeH: 20.06.2020
Onw Tty nogatoumn
Koa Ha mepHo MM1-AK Bpeme Ha mepemwe
MecTo:
KoopaunHatu Ha nokauujaTa roserox Kea)
[ata Yac [Hata Yac
Y X
20.06.2020 00:00 21.06.2020 | 00:00
7.538.275 4.646.517
Tun Ha duntep PTFE 47 mm Kog Ha cuntep 10062011PC-47
MeTeoponoLuku ycrnosu
MuHUMYyM Makcumym CpegHa BpHexu: Hema
Temnepartypa (°C) 16 30 24 Bua: /
BnaxHocT (%) 21 60 39 Konu4uHa: /
Bbp3vHa Ha BeTep (m/s) 0 4.9 0.6 npﬂaoal\gu:
Cycnengupanu yectuykm (dpakumja - PM10) BpegHoct | EanHnua
M3mepeHa BpeaHocT (npocek 24h) 10 | [ug/m?]
['paHnyHa BpegHoCT 50 [ug/m3]
CranfapaHa mepHa HeoapeaeHoCT +1,3 | [ug/m?
MpolwwmpeHa mepHa HeogpeneHoOCT +25 | [ug/m?
OeH: 21.06.2020
OnwTn nogaToum
Kog Ha mepHo MM1-AK Bpeme Ha mepere
MecTO:
KoopavHaTtu Ha nokauujaTa roderok Kpal
Hata Yac [ata Yac
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M x 21.06.2020 00:00 22.06.2020 | 00:00
7.538.275 4.646.517
Tun Ha cunTep PTFE 47 mm Kog Ha countep 10062012PC-47
MeTeoponoLuky ycrnoswu
MuHuMyMm Makcumym CpeaHa BpHexu: Hema

Temnepatypa (°C) 16 26 21 Bua; /
BnaxHocT (%) 31 64 47 Konunumna: /
Bp3unHa Ha BeTep (m/s) 0 4 0.7 npflaos“gu:
CycneHanpaHu yectuykn (ppakumja - PM10) BpegHoct | EguHuua
M3mepeHa BpegHocT (Mpocek 24h) 6 | [ug/m?]
FpaHW4Ha BpeaHOCT 50 | [ug/m°]
CraHgapaHa mepHa HeoapeaeHocT +1,3 | [ug/m’]
MpowmnpeHa MepHa HeoapeaeHOCT +25 | [ug/m’]

HeH: 22.06.2020

OnwTK nogatouu

Koa Ha mepHOo MM1-AK Bpeme Ha mepere
MeCTO:
] MoyeTok Kpaj
KoopanHaTtu Ha nokauujata
[ata Yac [ata Yac
Y X
22.06.2020 00:00 23.06.2020 | 00:00
7.538.275 4.646.517
Tun Ha cpunTep PTFE 47 mm Kog Ha dountep 10062013PC-47
MeTeoponoLukm ycrnosu
MuHUMyM Makcumym CpegHa BpHexu: Hema
TemnepaTtypa (°C) 19 26 22 Bua: /
BnaxHocT (%) 33 61 49 Konunumna: /
BpanHa Ha BeTep (M/s) 0 5.1 0.7 Jom. _
npasew;

CycneHampaHu yectuykn (dppakumja - PM10) BpeagHocTt | EanHuua
M3mepeHa BpegHocT (npocek 24h) 8 | [ug/m?
'paHn4yHa BpegHoCT 50 | [ug/m°]
CraHgapgHa mepHa HeoapeneHocT +1,3 [pg/m3]
[MpowmrpeHa mepHa HeoapeaeHoCT +25 | [ug/m?]
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OeH: 23.06.2020

OnwTK nogatoumn

Koa Ha mepHO MM1-AK Bpeme Ha mepere
MeCTO:
) MoueTok Kpaj
KoopanHaTtu Ha nokauujata
[ata Yac Hata Yac
Y X
23.06.2020 00:00 24.06.2020 | 00:00
7.538.275 4.646.517
Twvn Ha counTep PTFE 47 mm Koa Ha dunTtep 10062014PC-47
MeTeoponoLuku ycrnosu
MuH1Mym Makcnumym CpepHa BpHexu: Hema
Temnepatypa (°C) 19 24 21 Bua: /
BnaxHocT (%) 50 67 62 KonuuuHa: /
Bp3nHa Ha BeTep (M/s) 0 26 0.1 HAowm. )
npaeeL;

CycneHagnpaHu Yectuyku (dppakuuja - PM10) BpegHocTt | EanHuua
M3amepeHa BpegHocT (npocek 24h) 4 | [ug/m?
["paHnyHa BpegHoOCT 50 | [ug/m°]
CraHgapgHa MepHa HeogpeneHocT +1,3 | [ug/m?]
[NpowmnpeHa mepHa HeogpeaeHoCT +25 | [ug/m’

KoHueHTpauum Ha cycneHgmparu dectmdkm (PM10) Ha nokanautetot Ctobu

N I

13/06/2020 14/06/2020 15/06/2020 16/06/2020 17/06/2020 18/06/2020 19/06/2020 20/06/2020 21/06/2020 22/06/2020 23/06/2020

— 13MepeHa BpeaHOCT (Npocek 24h)

= = = [paHW4Ha BPeAHOCT

Cnuka 20. 24 h npoceyvHn KOHLEHTpaLmMM Ha cycneHampanmn UBpTu Yectudkm (dppakumja PM10) Bo
30HaTa Ha apxeonowknoT nokanutet Ctobu ( JyHn 2020)
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Cn. 196. MNonox6a Ha cTaHMuaTa 3a ambueHTaneH Bo3ayx Ha nokanutetot Ctobu

Op cnpoBeageHnTe Mepewa Ha amBbueHTanHNOT BO3ayX Ha nokanutetot CTobun
MOXe [a ce 3aknyyu geka 3actaneHocta Ha [MM-10 4yecTuyknte ce OBMXWU BO rpa-
HULMTE Ha HopMarnaTa v Taa ce ABMXW BO rpaHuLmTe oA 5 na ao 20 ug/m? (Cn. 20).

CraHnuarta 3a ogpeanyBake Ha npucycTtBoTo Ha MM-10 yecTudkMTe BO aMOuneH-

TarmHAOT BO3AYX Ha JTIOKaJINTETOT CTo6K Gewe noctaBeHa BO nepnogoTt Ha Mecely
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jyHn 2020 roguHa n nputoa ce cobpaHu noronem 6poj Ha punTpm 3a NoHaTaMoLLHa
HMBHa obpaboTka co npumeHa Ha CEM wmetogata. 3acrtaneHocta Ha [1M-10
YeCTUYKUTE BO aMBUEHTanHMOT BO34yX BO nokanuteToT CTobn BO UCTpaXKyBaHMOT
nepuoa ce ABWXn Bo MHTepBanoTt og 15 ao 20 mukporpamum Ha meTap KybeH (pg/m3)
(Cn. 19.6). Bo ogHoc Ha konuymHckaTta 3actaneHocT Ha [MM-10 yecTuyknte Moxe ga
ce KOHCTaTVpa [eKa ce TWe BO rpaHuLMTe Ha [03BONIeHUTe BpedHocTH o (50 ug/m?®)
n geka He 6u Tpebano Oa ce o4yekyBa HEKaKBO BriMjaHWE BP3 CMOMEHUUUTE Ha
KynTypaTa Bo nokanutetotr Ctobu. Cenak kora Ke ce HaBnese BO UCNUTyBakwaTa Ha
MUHepanHuTe opMn KoM ce NPUCYTHU Ha PUNTpUTE KOM MMaaT KOHUEeHTpaumja Ha
MM-10 4yecTnyknTE KOja € BO O03BOSNIEHUTE FPaHMYHU BpeaHoOCTM ce gobmea gpyra
Cnuka Ha MOXHOTO BnujaHne Ha [1MM-10 yecTuykMTe Bp3 CKYNNTypuUTE KOWU Ce
n3paboTeHn oa mepmMep uUnu BapoBHMK BO Nokanutetot Ctobu.

McnutyBawata Ha [NM-10 yectnukute co npumeHa Ha CEM-ENC wmetoparta
MOKaXKyBa NPUCYCTBO Ha rMnc/aHxmapuT BO COCTABOT Ha YyecTnykute. EnemeHTHaTa
aHanmsa Ha YecTuykuTe nokaxysa npucyctBo Ha CaO Bo mHTepsanot oa 40.21 go
41,19 % a cogpxuHaTta Ha SO3 ce aBwxkuM BO MHTepBanoT of 57,23 go 58,81 %
(Tabena 19). Mopdonowknte 06nnum Ha rMNCOT/aHXMAPUAOT yKaxKyBaaT Ha akToT
[EeKa OBME YECTMYKM He Ce CUTe pesynTaT Ha HMBHOTO (bopMMpare Kako aepocosnm
BO WMHTEpakuujata Ha KucenuTe OOXO0BM TyKy [eKa NocTojaT U YeCTUYKM KOou ce
AoHeceHn of 6rivckata genoHuja Ha docopeH rmnc Koja ce Haora BO OKosniMHaTta
Ha cenoTo 3rpononun Ha pacTojaHuMe O OKOMy 5 KM 0f apXeOmoOLLKMOT fokanuteT
Ctobn (Cn. 20).

Tabena 19. xeMUCKM COCTaB Ha rMNC/aHXMapuT oa ambueHTanHMOT BO34yX Ha
nokanutetot Ctobun ogppeaeH co npumeHa Ha CEM-E[IC meTtogarta

EnemeHTn CaO SO,
npoba
a 1 40,21 58,81
2 40,33 58,21
b 1 40,11 39,89
2 59,00 59,85
c 1 39,72 60,01
2 38,92 61,02
d 1 41,19 57,23
2 40,05 58,91
e 1 40,77 39,56
2 58,99 60,01
f 1 39,32 59,79
2 38,54 60,02
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Kucenute BpHEXM BNuMjaaT Ha KaMeHOT, nNpep ce Ha ABa Ha4MHU: pacTBOpawe U
nameHa. Kora cyndypectun, cyndypHM M asoTHU KUCENWHW BO 3arajeH BO3OyX
BrneryesaaT BO peakuuja cO KanuuT BO MepMep U BapOBHMK, KanuuToT ce pacTeopa.
Bo nsnoxeHute genosBu Ha 3rpagu M CNOMeHWUW, ce rrefaat rpybu MNoBpLUMHM,
OTCTpaHeT maTtepujan, n 3aryba Ha pe3bapeHute getanun. KameHmoT maTepujan Ha
noBpLnHaTa Moxe ga buae LenocHO OTCTpaHeT UK Nak camo Ha LenoBUTE KOU ce

BO MorofiemMa peakuuja.

Py
Spectrum 1

+Spettru m 1

E 10pm Electron Image 1

a
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Spectrum 2

10um Electron Image 1
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Cn.20. MopdonoLwkn o6nmum Ha runcoT o niokanutetoT Ctobu

'MncoT e pacTBOpnMB BO BOAA; M MOKpaj Toa WITO MOXe Ada ce hopmupa 6uno
Kage Ha KaMeHM MNOBPLUMHM KOW Ce M3MOoXeHu Ha rac, cyndyp auokcug (SOy),
06nyHO ce m3amma. OcTaHyBa camMO Ha 3aLUTUTEHU MOBPLUMHN KOW HE CE OUPEKTHO
n3MmMeHn of OoXaoT. uncot e 6en, HO KpuctanuTe dopmMupaaT MpPeXu Kou
3a4p)KyBaaT YeCTMYKUTE Ha HEeYMCToTMja M 3aragyBaudn, Taka LITO KopaTa usrnega
upHa. Co TekoT Ha BpeMeTOo upHaTa Kopa pacnykHyBa U Ce OTKMHyBa, OTKPUBAjKM ro
pacrnagHaTUoT KaMeH ogo3sgona.

MojaBata Ha rmunc/aHxugput Bo [1IM-10 4YecTnykuTe Ha apXeonoLIKNOT
nokanutetor CToOM npecTaByBa jacHa Hacoka BO MoOrne4d Ha 3awTtutat Ha
CKYNNTYpUTE KOW Ce HanpaBeHW o4 MepMep M BapOBHMK BO OBOj flOKanuTeT a oA
Apyra cTpaHa ykaxyBa Ha (QakToT 3a pellaBarwe npobrnemmte Kom ce NOBP3aHn CO

AenoHujata 3a ocdopeH rmnc Bo okonmHata Ha cenoto 3rpononuu (XMB-Benec).
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3AKNYYOK

HanpaBeHnte pgetanHn  wucnutyBawa Ha  XEMUCKMOT, €OXEMUCKUOT,
MWHEPanoLwKNoT U pagnoxeMUCKUOT COCTaB Ha pocoruncoT of AenoHujata Ha
XMB Benec nokaxyBaaT pJdeka cTaHyBa 300p 3a XEMUCKM, T[EOXEMUCKM,
MUHEpPANoWwKn 1 pagvoXeMMCKU  penaTuBHO  yHUOpMeEH  maTepwujan.
MwHepanoLwKnoT cocTaB € e4HOCTaBeH N BO HEro AOMWHMPA FMNCOT, MHOrY Marno
NPUCYCTBO Ha akuecopHu muHepanu (kBapu, Ba cyndat, Sr cyndpar, donyopwur,
LUMPKOH, NNCKYH). ['oniemaTa 3acTtaneHoCT Ha eneMeHTUTe of rpynata Ha peTkuTe
3emju (REE) Bo konnumnHa koja BO Hekou criyqaun gocturdHysa n 300 ppm ykaxysa Ha
akTOT [eka OBOj MaTepujan npeTcraByBa CepuoO3Ha CypOBMHaA CO ronema
3acTaneHocT Ha eneMeHTU OA rpynata Ha peTkuTe 3eMmju 1 geka Taa npeTcraByBa
€KOHOMCKWN MHTEepeCcHa CypoBUHaA. Ha ocHOBa Ha paguoOnoLWKNTE UCUTYyBakba MoXaT
Aa ce n3peat crnegHuBe 3aKny4ouu:

Mpon3BoACTBOTO Ha AM xuapaT, OAHOCHO ,BnaxeH" MeTo 3a NPOu3BOACTBO Ha
doocopHa KMCenMHa Koja notoa ce KOPUCTM 3a MPOM3BOACTBO Ha docdaTtn unm
APYrn CNOXeHW BelwTadykn rybpuBa, e npuapyxeHa CO 0OfBOjyBawe Ha ronemu
Konuyecta ¢ocdorunc (4-5 ToHn otnageH docdorunc ce gobmBaat No TOH Ha
doccop okeua (V)). NMopagn MuHepanHa KOHTaMMHauUMja U BUCOKA COAPXKWHA Ha
BOAa, 0BOj hocdorunc e otTnageH maTtepujan. Kako TakoB UCTUOT UIn ce ucnpaka 3a
cknagupawe, unu ce dpna Bo peka, unm Ha mope. PocdornncoT coapKm TOKCUYHN
N paguoOaKTMBHM KOMMOHEHTU Kako LWTO ce nyopuan, ypaHuym, a Herosute
pafMoakTUBHU pacnagHun npoussoau (mmasnu ce 2°Ra, Rn u %'°Po), ce
3HauYuTenHW 3aragyBayun Ha XUBOTHaATa cpeanHa.

Kora ¢ocgatotr noBTOpHO ce 0b6paboTyBa, NOrofieMMoT Aen of ypaHUymoT
npeora BO NPOM3BOAM KOW ro kopuctaT pocaTtoT kako BewTayku fybpusa, TpoeH
nonudocdat, a Hekou of osuMe npoussoan cogpxaT *°Ra m 2°Po, kou ce
dopmupaaT Npu paguoakTUBHO pacnarawe Ha ypaHuym. ®occormncoT nNpakTU4HO
ro CoapXu UenuoT paguym u gpyrute nNpovsBoAM Of paguoakTMBHaTa cepuja Kou
6une npucytHn Bo docaTHute pyau. Okony 85-90% op paguymot u 10% oA
YPaHUyMOT npemMuHyBaaT BO (OCEOrvrncor BO TEKOT Ha MNPOM3BOACTBOTO Ha
dochopHa kucenuHa. Mlako cogpxuHaTta Ha paguymoT BO PpoccOruncoT € MHOory
Hucka (15,7-10 3 Mg paguyMm Ha TOH), Taa nNpeTcTaByBa OMACHOCT MPU KOPUCTEHE

Ha POCAOrmncoT Kako CTPYKTYPEH, rpagexeH maTtepujan.
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HawwuTte uctpaxysamwa Ha “°K and ?Ra Bo 06WYHMOT rvnc u docdorunc
noTBpAMja OeKka paguoakTMBHOCTa Kaj 0BUYHMOT rMnc npeamssBukaHa o npucycTeo
Ha ‘%K (0.016+ 0.01 Bg/g) Moxe [fa Ce 3aHemMapu W [eka pagvoakTUBHOCTa
npeamssukaHa o MNpuUCycTBOTO Ha *%Ra e MHOry Hucka (8,5+2.5 mBaq/g). Bo
docornncoT, oBue BpegHoCcTn ce ogaenHo nomanu og 10 mBg/g n 580 5 Bg/kg,
OQHOCHO BpeaHocTa JobueHa 3a “?°Ra ja HagMMHYBa MakKcMMarHoO [03BONieHaTa
KOHUEeHTpauuja.

KBanutetoT Ha docornncoT e gMpeKkTHa nocreamua Ha OCHOBHaTa CypoBMHA
LUTO Ce KOPUCTK 3a NPON3BOACTBO Ha pocdopHa kucenuHa, pocgaTtoT. Co npomeHa
Ha opurMHanHaTa CypoBMHa, MOXe Aa Ce BNnjae Ha CoApXuMHaTa Ha paguoHYKIMAMW,
buaejkn npumapHn docat o4 BYFKAHCKO MOTEKMNO (Kako WwTo ce ocdaTtute Ha
nonyoctpoBoT Kona) cogpxat 10 pg ypaHuMyMm Mo TOH, AofeKa CeKyHAapHUTe unm
ceanmeHTHUTE doocdatn cogpxat 50-400 ug ypaHuym no ToH. [pyr metoq e ga ce
oagenv paguoHyknnaoT o docdormncoT (COOABETHM NATEHTMN BEKE NOCTOjaT).

dochornncotT NoaroTBEH Ha OBOj HAaYMH MOXe [a Hajae npumMeHa BO NoBeKe
nonuka (Nog Hag3op Ha HaANEXHN UHCTUTYLIMK).

docdornncoT e oTnageH nNpovsBoa Npu NpPon3BoACTBO Ha pocdopHa KncenmHa
CO OuxugpaTtHa mMeToda M e pesynTtaT Ha [ejCTBOTO Ha CyndypHa KucenuHa Bp3
docatHaTa pyaa (docdat nnm docgoput). Bo TexHonornjata WTo ce KOPUCTU 3a

AobuBare Ha KucenunHaTta, ce npaBu op,pep,Ga 3a Mcnpakal-be 3a CKrnagupame:

Caqp(PO4)sF2 + 10H2SO4 + 2H,0 — 10CaS04:2H,0 + 6H3PO 4 + 2HF

doccormncoT He ce cMeTa 3a paguoakTMBEH OTnag, HO nopagun NPUCYCTBOTO Ha
pa3HK 3aragyBayn BO rofieMy KOMMYMH Of KOW HajBaXKHU ce TellkuTe MeTanm u 222U
N HeroBuTe pacnagHu npoussoan (*®°Ra, %?Rn, 2'°Po), Toj Moxe HeraTuBHO Aa
BMNujae Bp3 XMBOTHaTa cpeavHa.

PagnoaktnBHocta Ha ocdormncotr e nocneguua Ha MPUCYCTBOTO Ha
coeguHeHVja Ha ypaHWyMm Kaj ogpedeHu docgoputn  (pocdaTun), unja
KOHLEeHTpauuvja MOXe [da Bapupa BO LUMPOK OMcer, 3aBUCHO of npupogaTta Ha
cypoBuHaTa (npumapHu wunu cekyngapHm docdatn) og 0.010 mo 0.400 g/kg
docgaTtoT. PocdaTuTe Of BYNKAHCKO MOTEKO coapXaT Marnky ypaHuym (nma
npnbnmwkHo 10 ug/kg ypaHuym Bo hoctatute o nonyoctpoBoT Kona), HO nmaart

noBeke TOpuyM, goaeka ceaumeHTHuTe docatn cogpxat 50-400 ug/kg ypaHuym.
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Kora dgocdatotr noBtopHO ce obpaboTyBa, Aen of ypaHWymoT NpemMuHyBa BO
npepaboteHnTe npoussoan. PagvoakTuBHWUTE pacnagHu Npou3BOAM Ha ypaHUyM
kako WTo ce *°Ra un ?'°Po npemuHyBaaT BO HEKOM Of OBME Kako BO BeLUTAYKUTE
ryGpuBa, HO HAUBHOTO HErATUBHO BNWjaHME BP3 pagnoakTMBHaTa KOHTaMMHaumja He e
yTBPAEHO.

AKo dhocaToT ce pacTBopa MoL KUCEnW YCIoBW, MNPEMUHYBAHETO Ha
YPaHUYMOT BO KuUCenuMHaTa € nponopuuMoHanHo Ha edwmkacHocta Ha P20s. Bo
HopManHu ycnosu 3a doccpatn so CAL, 60-80% o ypaHMymOT npemMuHyBa BO
KncenuHa, nogeka octaHatute 20-40% ce HaTtanoxyBaaTt co ¢OoCornncor.

YpaHuymMoT € npucyTeH BO pocatute BO paMHOTEXa CO pPaguoaKTUBHUTE
pacnagHW npou3Boau, of kou HajpaxeH e 2*°Ra. 3a Bpeme Ha obpaboTkarta,
norofieMmnoT Aen of ypaHUymoT NMOMMHyBa BO MPOM3BOAM KOWM KopucTaT cocdaT
(BewTadkn rybpuea, TpoeH nonudocdart, WUTH.), a pagnoakTUBHUTE pacnagHu
NPou3BOAM Ha ypaHuyM kako WwTo ce “?°Ra u %'°Po npemuHyBaaT BO oapeneHm
npounssogun (BewTadkn rybpmea). [MaBHMOT gen Ha pocdaToT ce npeTBopa BO
dochopHa kucenuHa co MeToAdoT Ha auxmapaT. PoccormncoT Toraw ro coapxu
NPaKTUYHO LUennoT paanymMm 1 ocTaHaTuUTe NPOM3BOAU O pagnoakTUBHaATa cepuja Ha
ypaHuyMm Kou ce npucyTHu BO dpoccatHaTta pyda. YpaHUyMOT € NpucyTeH BO pyaarta
BO pamMHOTexa co paguymoT. CogpXuHaTta Ha paguymoT MOXe [a ce npecmeTa co

nomMoLwl Ha cnegHaBsa paBeHKa:

Nu/tiou = Nra/t112ra

kage wto N e 6pojoT Ha aToOMK KOM MOASieXaT Ha pagnoakTUBHO pacnarawe, ty e
NONYXMBOTOT Ha pagmoakTmeHMoT nsoton. Okony 85-90% oa paamymot un 10% of,
ypaHMymoT npeMuHyBa BO doocornncor kora docopHaTa KucenuHa ce
npounssenysa. Nako koHueHTpauujaTa Ha Ra Bo doccoruncoT e MHOry HUcka, Toj
npeTcTaByBa OMacHOCT 3a MoHaTamowHa ynoTtpeba. Taka, kora ce nakyBaaT BO
npodaBHMUa@ TUMNCEeH npaB WAW LUeMeHT, MoXe fa Aojae go aTtMocdepcko
3aragyBake. AKO (PocdOormncoT ce KOPUCTU KaKo CTPYKTypeH/rpagexeH martepujan
WM 3a NPOM3BOACTBO Ha UEeMeHT, TOj MpoMoBMpa 3roriemMyBawe BO
pagnoakTMBHocTa Ha MeamymoT. OcobeHo e ornacHo ako ocdornncoT ce KOpUCTu
3a usrpagba Ha 3rpaga 3a gomysBawe. O paguoakTMBHaTa ypaHWyMcKa cepuja
MOXe [a ce BUau Aeka pafoHOT € paguoakTUBEH pacnageH NponsBo Ha YpaHuym u

paguyM. PagoH npeTcTaByBa Hajroriema onacHOCT Mpu KopucTewe Ha gpocdorunc
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BO MHAOYCTpUCKO rpagexHuwteo. Ce gobuea co pacnarake Ha paguymoT U uma
nony-xueoT oA 3-8 geHa, ce akymynupa BO aTMocdeparta Ha 3aTBOPEHN MPOCTOPUN
(ocobeHo ako ce pobpo usonupaHu). Kako M3BOp Ha O YeCTUYKW, pPagoHOT
npeamsBMKyBa 3HauMTENnHa LWTeTa Ha XMBOTO TKMBO KOra Ce BAuvwyBa, a
NpoM3BOAMTE Ha pPafMOaKTUMBHOTO pacnarfawe ce fernoHupaat Bo 6enute apobosu.
JInHeapHa 3aBUCHOCT € yTBpAeHa nomery [OejcTBOTO Ha pagoH u bonecrta co
rneykoumTosa u pak Ha bybpesuTe n Koxara.

Op pesyntatuTe o4 aHanusata Ha npumepoumn oa docdgorunc (og dabpukaTa
XVB-Benec* Bo 3rpononuu BO OKonuHaTta Ha rpagoTt Benec), cnpoBegeHun BO
pamMKuTe Ha wucnuTyBawaTta Ha OBaa [OKTOpcKa pAuceptauuja ce poara Ao
KOHCTaTaumja pfneka Peayntatute ykaxyBaaT Qeka BO cuTe npumepoum Oea
n3mMepeHn BKynHuUTe anda n 6eta akTMBHOCTU U [eKa Tue rMaBHO NOTeKkHyBaaT oA
n3oTonuTe of HU3aTa Ha 2>°U. CneundmyHnTe akTMBHOCTM Ha “°K 1 usotonute of
Hu3aTa Ha 2>*Th 6ea noa HUMBOTO Ha AeTekumja. Bapujauuute mery BkynHuTe anda u
GeTa aKTMBHOCTWTE KAaKO W akKTMBHOCTMUTE Ha U BO neTTe NpUMepoLu ce BO
nHtepsan og 11% go 15% wn ce NOHMCKM BO OAHOC Ha BapuvjauuuTe Ha 225R kom ce
30%.

Bo cekoj cnyyaj, ocormncor He cnara BO KaTeropujata onacHu
(pagmoakTuBHM) OTNagHM npou3Boan Kowm GapaaT Hag30p, HO pPaAuMOHYKNMAUTE
coApXaHu BO Hero mopa npepg cé ga ce naeHtudumkysaaT, a notoa ga ouaart unu
OTCTpPaHeTn UNN HMBHATa COAPXWHA Aa ce cBefe Ha ogpeneHo HMBo. CaMo BO OBO)
cnyyaj moxe ga ce 36opyBa 3a hocdormnc kako maTepujan koj nogouHa Moxe aa
Ce KOPUCTMW.

CerawHaTta paboTa ce ogHecyBa Ha UCNUTyBake Ha Npumepoun oa docdornnc
M3BPLUEHN CO Lien Aa ce YTBPAM HUMBOTO Ha MPUCYTHUTE paauoHyknuan. [JobueHnte
pe3ynTtaTn 6ea cnopefeHn co nogatoumTe 3a NnpupoaeH rmnc. Pesyntatute mopa ga
BNMjaaT Ha nNpaBUTHMOT M360p Ha ocdaToT KOj ce KOPUCTM BO MNPOLIECOT Ha
NPOM3BOACTBO (YCIOBOT € MUHMMarnHa CoApXWHa Ha paguoHyKnuau), a co Toa ce
06e36enyBa kopucTere Ha hocdormnc kako otnag 6e3 cepnosHn npobnemu.

CnepgHuBe reHeparnHu 3aknyyoum moxaTta ga 6uar n3segeHu:

1. PagunoHyknugute, ocobeHO ypaHWymMOT U HeroBuTe pacnagHu npov3Boau
npemMuHyBaaT BO ocdormnc o docdartoT Koj LTO € rfaBHa CypoBMHA 3a
NPOM3BOACTBO Ha hocdopHa KucenuHa. Taka, npaBuiHMOT u3bop Ha docdaToT

MOXe [fOa BpWM AOWPEeKTHO BnujaHMe Bp3 KBanuMTeToT Ha  ¢ocdoruncor.
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PagnoHyknuanTte n TewkuTe MeTanu Kou ce NpuUcyTHU BO pochaTute MoxaTt aa ja
orpaHuyart 1 NoHeKorall Aa ja ucknydvart ynotpebara Ha ogpeneHu BuaoBsu pocdatm
(Ha npumep, docdaToT og Mapoko e 3abpaHeT BO 3emjute Ha EBponckaTta YHuja).

2. OkcugHaTta coctojba Ha ypaHnymMoT BO dpocdaTute n MetofoT Ha obpaboTka
Ha pydarta ja ogpeaysaaT guctpubyumjata Ha ypaHWyMoT MOMeEry KUcenuHaTta u
docgormncot. [lpeMrHyBakeTO Ha ypaHMymMoT BO ocdopHaTa KucenvHa e
nponopumoHanHo co edukacHocta P,0s ako doccatHata pyga ce pacrtBopa noj
Kncenu ycnosu. 3a Bpeme Ha KoHBep3aujaTta Ha dpoccat og CALL, BO KOj ypaHUyMoT €
npucyTeH rnaeHo Bo dopma U (IV), kopuctejkn ro BnaxHuot meton 60-80% o
ypaHuymoT npemMuHyBa BO KucenuHa, a octaHatute 20-40% npemuHyBaaT BO
docornncot. 3a doccatHuTe npumepoun on Adpuka, BO KOU ypaHUYMOT €
npucyTeH npetexHo Bo dopma Ha U (VI), HeroBMOT fgen BO KUCeNWHa Moxe [a
pocturHe 90%.

3. [HobueHnot docdorunc OGapa nNpenMMMHaApPHO MPOYMCTyBawe Mopaan
NPUCYCTBOTO Ha paauvoHyknuan. Mopa ga ce Harnacu pgeka ynotpebata Ha
docornnc, ocobeHo 3a NPOU3BOACTBO HA CTPYKTYPHO-TPaLEXHN erneMeHTU, MOXe
[a ce pelmn camo Of KOMMNETEHTHUTE Crykbwu no npenvMMmHapHOTO criefehe Ha
HeroBaTa COApXXMHa Ha pPaavoOHYKNUAW.

4. Tllopagun wu3paseHOTO BnNUjaHMe Ha (OCMOPHMUOT ruUnNc of AenoHujaTta
3rpononuM Ha nopaHelwHaTta abpuka 3a BewTaykn rybpusa XVB-Benec Bp3
XMBOTHaTa CpeduHa, a Mpeky wu3paseHata emucuja Ha T[UncHa npawmvHa BO
aTMocepata HeOXOMAHO € [da CUM U3BPXM MOKpMBake Ha [ernoHujata co
reoTekCTW, rMrHa N XyMyCEH Matepujan a Ha Kpaj 4a Ce U3BPXWN 3aTBpPEBYBah-e Ha
NPOCTOpOT.

5. MNokpnBakeTO Ha AenoHujata co BOAHO-M30MaLMCKM MaTepujanu ke 06e3bean
W HamaneHo npouefyBake Ha aTMocepCKUTe BOAUTE HM3 AenoHujaTa U HUBHO
BneBake BO pekaTa Bapaap a co Toa n Jo nojaBa Ha pagvoroLwlKo BrivjaHue Bp3

€KOCUCTEMOT Ha pekaTaTa Bapaap.
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IMPUPOJHA PAINOAKTUBHOCT BO AEIIOHMU HA
®OCP®OPEH I'iliC BO XEMUCKATA HHAYCTPHAJA BEJIEC,
PEIIYBJIMKA MAKEJIOHHJA

Murko Janue', san Boes!, 3nerxa CrojanoBcka?, Braxo Foes!

! @akynTeT 32 IPUPOIHU ¥ TEXHUYKY Hayku, YHuBep3uret ,,I'one exues”, [ltum, Pemy6mixa
MaxkezoHuja
2 @axynTeT 3a MEMIMHCKA Hayky, YHuBepsuter ,,['one Jlenaes®, [lITum, Pemy6muxa
MaxezoHuja

IpouseoacTeoTo Ha ¢ochopHa KucenuHa of HpUPOmHH (ochaTHH Kapmu Io
3roJIeMyBa MHIYCTPHCKHOT OTHaZ HapedeH (ocdopeH rumc. PocdopHHOT THIIC COAPKM
3HAYMTENHO KOJMHYECTBO PaTMOHYKIHAX o cepujata U, mopaju HHUBHAaTa BHCOKa
KOHIEHTpammja Bo Qocharaure pynu. 3a BpeMe Ha aKTHBHOCTHTE Ha XeMHCKaTa
unpycrpuja Benec, Bo mepuoznor ox 1979 no 2003 roxusa, cknaaupany ce 3,7 MAIMOHA
ToHH (ochoper runc Bo aemonuja. Taa ce Haofa Ha okomy 1,5 km jyrosamagHo on
KOMILTEKCOT Ha (abprkara, BO JONHHA MoMely pUAOBH, Ha Tepuropuja oz 70,000 m?
Co men 1a ce W3BpIIM PaAHONIONIKA KapaKTepH3aldja Ha ICIOHWjaTa, ce 3€40a IET
npumepond Ha GocdopeH TUIC U ce UCIpaTHja Ha aHamu3a Bo Activation laboratories
Bo Kanaza. Bkynnure anga- u 6eTa-akTHBHOCTH €€ MEpPea CO MPONOPIMOHANEH CHCTEM
Ha Gpoeme; crnemupuunmute axtuHocTH Ha ‘'K, ?Th m 2*U ce mepea co rama-
CTIEKTOMETpH]a, 2 IPOU3BOAKMTE Off pacrajoT Ha cepujata »*Th and 2**U ce aHammsmupaa
PaIrOXeMHUCKH.

Bxymnure anda-cnemududHy akTHBHOCTH Bapupaar nomery 820 Bg/kg u 1090
Bg/kg, co mpocek ox 950+104 Bg/kg, nonexa BKynHUTE OeTa-crien(pUIHE aKTHBHOCTH
ce co paur ox 1380 Bg/kg no 1980 Bg/kg, co mpocex ox 1694+220 Bq/kg. Cure
BPENHOCTH Ha BKynHuTe anda- u Oera-cnenupUYHM aKTHBHOCTH WHIMIMpAaT
3rojieMeHa paauoakTUBHOCT. [IoHaTaMONIHaTa aHANM3a Ha PaJUOHYKIHANTE, MCTO TaKa,
ro motepayBa oBoj (axr. I'ama-creKTOMETpHCKaTa M DaJHOXEMHCKaTa aHAIH3a
IIOKaXyBaaT JieKa 3rojJIeMEHaTa akKTUBHOCT I0BeayBa 10 (hopMupame Ha paJuOHyKIHAN
on cepujara >?Th u*’K, xom ce mox Jmmuror 3a jerekuuja. Oue cremuduIHHM
aKTHBHOCTH + BPEJHOCTH Ha CTaHAap[Ha JeBHjallija, CO OINCEr BO 3arpaju Ha
238, 2226Ra, 2“Pb u 2“Bi Bo Bg/kg e 360+55 (300-400), 280+84 (300-400), 350+45
(300-400) u 380+45 (300-400), coomserHo. HanBopemHHOT ¥ BHATPEIIHHMOT
PaIMONOIIKY PU3UK MCTO Taka Gemre mpecMeTaH. 3eMajKu ja NpeIBHA HaJBOPEINHATa
sagaramHa ox 0,2 dakrop rogummo u 0,7 Sv Gy’ dakrop Ha KoHBep3uja o mo3aTa
ancopOupaHa Bo BO3AYXOT A0 eeKTHBHATA 032 IUTO ja IpUMa BO3PAcHO JIMIIE, ce A00H
cpemna BpeaHoct on 0,25 mSv/y, koja e mox numuror of 1 mSv/y 3a jaBrocta (1). Ce
IpecMeTa ¥ BHATPEIHHOT pr3uK (2,3) Bo cixydaj Ha ymoTpeba Ha dochopen rurmc xako
rpagexen marepujai. Ilpecmeranute anda (I,= 1,4) u 6era (Is= 1,3) urnekcu ce Hax 1,
IITO € HUBO 3a 6e30e1HO KOpHCTER®E.
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PesynraTure n00MeHM 0f OBaa CTyAuja IIOKaXyBaaT HeKa PaJUOHYKIMAWTE, U
[OKpaj TOa INTO Ce MPUCYTHH CO BHCOKA KOHIEHTpanuja BO (ochOpHHOT THIC, HE
[OKa)KyBaaT 3HAYUTEHA HaJBOPEIIHU JO3H 3a jaBHOCTA, JIO/EKa, TOKOIKY C€ KOPHCTH
dochopeH rHmC Kako TpafieXeH MaTepHjal, MOXE Ja ce 3ToleMH BHATPEIIHATa
mznoxenoct. Ce mpenopadyBa MOHATAMOIIHO HCIUTYBamke Ha e(eKTOT Ha JEIOHHMjaTa
Ha JKMBOTHATA CPEVHA.

Knyunn 36opoBn: hochopeH Iuic, paanoakTUBHOCT, ceprja 28U

JluTeparypa /

[1] UNSCEAR, Sources and effects of ionizing radiation. United Nations Scientific
Committee on the Effect of Atomic Radiation, United Nations, 2000.

[2] EC (European Commission), Radiation Protection 122-Radiological Protection Principles
Concerning the Natural Radioactivity of Building Materials. Directorate General Environment,
Nuclear Safety and Civil Protection, 1999.

[3]S. Righi, L. Bruzzi, J. Environ. Radioact., 88, 2006, 158-170.
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NATURAL RADIOACTIVITY IN PHOSPHOGYPSUM PILES OF
THE CHEMICAL INDUSTRY VELES, REPUBLIC OF
MACEDONIA

Mitko Jancev'!, Ivan Boev'!, Zdenka Stojanovska?, Blazo Boev!

Faculty of Natural and Technical Sciences, “Goce Delcev” University, Shtip, Republic of
Macedonia
2Faculty of Medical Sciences, “Goce Delcev” University, Shtip, Republic of Macedonia

The production of phosphoric acid from natural phosphate rock gives rise to an
industrial waste product named phosphogypsum. Phosphogypsum contains considerable
amounts of radionuclides from 233U chain, due to their high concentrations in phosphate
ores. During the operation from 1979 to 2003, 3.7 million tons of phosphogypsum,
Chemical industry Veles, was disposed of in stockpile. It is situated about 1.5 km
southwest of the factory complex, in a valley between the hills on the territory of 70.000
m? In order to perform a radiological characterization of the stockpile, five
phosphogypsum samples were collected and sent to the Activation laboratories, Canada
for analysis. The gross alpha and beta activities were measured with proportional
counting system; due to the gamma spectrometry, the “/K, 23?Th and 2*U specific
activities were determined while as the decay products from the 2*?Th and 2**U decay
chain were analyzed radiochemically.

The gross alpha specific activities varied between 820 Bg/kg and 1090 Bq/kg
with an average of (950+£104)Bqg/kg, while the gross beta specific activities ranged from
1380Bg/kg to 1980Bg/kg with an average of (1694+220)Bg/kg. All the values of the
gross alpha and beta specific activities indicate the elevated radioactivity. The further
radionuclides analysis confirmed this fact, too. The gamma spectrometric and
radiochemical analysis has been shown that the increased
activities create radionuclides from the 23¥U chain while the radionuclides of the **Th
chain and “°K were below the detection limit. The specific activities mean + standard
deviation values with a range in brackets of 2**U, ??26Ra, 2'Pb and ?'“Bi in Bq/kg were
360+55 (300-400), 280+84 (300-400), 350+45 (300-400) and 380+45 (300-400),
respectively. The outdoor and indoor radiological risk were assessed. Considering the
0.2 outdoor occupancy factor per year and 0.7 Sv Gy conversion factor from the
absorbed dose in the air to the effective dose received by adults, the mean value of 0.25
mSv/y was obtained, which is below the dose limit of 1 mSv/y for members of public
[1]. The indoor risk was accessed [2, 3] in case if the phosphogypsum was used as a
building material. Estimated alpha (I, = 1.4) and beta (I = 1.3) indexes were above 1,
which is a level for safe use.

The results obtained in this study show that radionuclides, although present in
relatively high concentrations in phosphogypsum, do not imply significant outdoor
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doses for members of the public, whereas, if phosphogysum is used as building material,
the indoor exposure could be increased. Further research related to the stockpile effect
on the environment is recommended.

Keywords: phosphogypsum, radioactivity, 2**U chain

References:

[1] UNSCEAR, Sources and effects of ionizing radiation. United Nations Scientific
Committee on the Effect of Atomic Radiation, United Nations, 2000.

[2] EC (European Commission), Radiation Protection 122-Radiological Protection Principles
Concerning the Natural Radioactivity of Building Materials. Directorate General Environment,
Nuclear Safety and Civil Protection, 1999.

[3] S. Righi, L. Bruzzi, J. Environ. Radioact., 88, 2006, 158-170.

59



YHUBEP3UTET . I'OIIE JIEJTYEB” — IN'THUIL
GAKYIITET 3A IIPUPOIHU U TEXHUYKH HAYKH

IIpupoanu pecypcH ¥ TeXHOJIOTHH
Natural resources and technologies

nexkemspu 2018
December 2018

T'OJIMHA 12 ‘ VOLUME XII
BPOJ 12 NO 12

UNIVERSITY “GOCE DELCEV” - STIP
FACULTY OF NATURAL AND TECHNICAL SCIENCES



IIPHPO/IHHU PECYPCH U TEXHOJIOT' A
NATURAL RESOURCES AND TECHNOLOGIES
3a H3zaBavoT
IIpod. a-p 3opan Jlecrionos

H3paBauku coBer

IIpod. a-p Binaxo boes

Ipod. a-p 3opan [TaHos

ITpod. a-p Bopuc Kpcres
ITpod. a-p Mupjana 'onomeosa
IIpo¢. a-p baaroj F'onomeos
IIpod. a-p 3opan [lecrnogos
Jou. a-p ejan MHpaKoBCKH
Ipod. a-p Kumer Detaxy
IIpod. a-p Fopru Paxymnos

Pepaxnuckn oxoop

Ilpod. x-p 3opan ITaHOB

ITpod. a-p bopue Kperes
IIpod. a-p Mupjana ['onomeosa
IIpod. a-p Biaroj I'onomeos
Ipod. a-p 3opan [lecrnozon
Jon. 1-p Jejar MHpaKkoBCKH

I1aBeH H OiTOBOPeH YPeXHAK
Ipod. n-p Mupjana I'onomeosa

JazHvuHO ypeayBame
Banrenuja [laBkoBa
(MaKeIOHCKH ja3HK)

Texnu4uko ypeayBaibe
Cuiase JIMMHTPOB
biraroj MuxoB

Pepakneja B AIMHHEECTPANH]ja
VuusepsureT T oue Jemrges” - LTI
@akynTeT 3a NPHPOJHH H TEXHHUKH HAayKH
vi. ,,JJoue demies* 89, IlITumn

P. MakenoHuja

Editorial board

Prof. Blazo Boev, Ph.D

Prof. Zoran Panov, Ph.D

Prof. Boris Krstev, Ph.D

Prof. Mirjana Golomeova, Ph.D
Prof. Blagoj Golomeov, Ph.D
Prof. Zoran Despodov, Ph.D

Ass. Prof. Dejan Mirakovski, Ph.D
Prof. Kimet Fetahu, Ph.D

Prof. Gorgi Radulov, Ph.D

Editorial staff

Prof. Zoran Panov, Ph.D

Prof. Boris Krstev, Ph.D

Prof. Mirjana Golomeova, Ph.D
Prof. Blagoj Golomeov, Ph.D
Prof. Zoran Despodov, Ph.D

Ass. Prof. Dejan Mirakovski, Ph.D

Managing & Editor in chief
Prof. Mirjana Golomeova, Ph.D

Language editor
Vangelija Cavkova
(macedonian language)
Technical editor
Slave Dimitrov

Blagoj Mihov

Address of the editorial office

Goce Delcev University - Stip

Faculty of Natural and Technical Sciences
Goce Delcev 89, Stip

R. Macedonia



Coppxuna/Contents

Banuo Apucks, Jejan Mupakosckn, 3opan lecnogos, Ctojanue MBjanKkoBCKH

[TPVIMEHA HA TUIAHOBUTE 3A VIIPABYBAIE BO PYJIHUIIMTE 3A ITOJA3EMHA
EKCITJIOATALIMJA CO ITOCEBEH OCBPT HA BEHTHMJIALIMJATA

APPLICATION OF MANAGEMENT PLANS IN UNDERGROUND MINES

WITH EMPHASIS TO VENTILATION ..ottt et en st s eae st eessaan s e 5

Crojanue Mujanakosckn, 3opan lecnoaos, [lejan MupakoBcky,

Banuo Apuckn, Hukoanaka Jonesa

OJIIPEIYBAIBE HA TTOKA3ATEJIMTE 3A UCKOPHCTYBAILE 11 OCMPOMAIIIYBAIGE

HA PVJIATA CO JIABOPATOPHMCKH NCTPAXKYBAIbA

DETERMINATION OF THE INDICATORS FOR ORE RECOVERY AND

ORE DILUTION WITH LABORATORY RESEARCH ....crvsoiesissmsissssisasisssississvonisossivsnssssossvesnisssosassssssnes 15

Pucro Ionosckn, baarnna Jonesa, Mapjan exnnerpes, opra Jlumos
NCTPAXKYBAIE HA TUIMTKY ITOJA3EMHIM BOAM CO I'EOEJIEKTPITYHO KAPTHUPAILE
INVESTIGATION OF SHALLOW GROUNDWATER WITH GEOELECTRICAL MAPPING ............... 25

Baarana Jlonesa, Mapjan Jleinnerpes, ['opra {amos
I'PABUMETPHCKH HCTPAYKYBAA HA HAOT' AJIMILITA HA HA®TA U JATJIEH
GRAVITY INVESTIGATIONS OF DEPOSITS OF OIL AND COAL .......cccorvninvesercrnsnssossssssssssosesssdsssaenes 37

Tena Sijakova-Ivanova, Kristina Atanasovska, Sara Nedanovska,

Angela Velinovska, Aleksandra Maksimova

MINERALOGICAL CHARACTERISATION OF TITANITE FROM ALINCI,

REPUBLIC OF MACEDONIA

MIHEPAJIOIIKH KAPAKTEPMCTUKH HA

TUTAHUT O AJIMHIIU, PEITYBJIMKA MAKEJOHMIA ... 45

Ivan Boev

ORPIMENT MINERALIZATIONS IN TUFFACEOUS DOLOMITES

IN ALLCHAR DEPOSIT-SEM-EDS INVESTIGATIONS

MUHEPAJIM3AITMIA HA AVPUIIMIT'MEHT BO TYOO3HUTE JTOJIOMHUTH

BO HAOI'AJIMIITETO AJIIAP-SEM-EDS MCTTUTYBAIDA ....coooviviieieieeiieeceeeieeesieeesesees s enisnins 53

Opne CoacoBckl, lanuen CnacoBeku

MUHEPAJIOUIKO — ITETPOI'PA®CKH 1 XEMUCKHW KAPAKTEPUCTHKI HA TPAHUTONTHUTE
KAPITH OJ1 IOKAJIMTETOT MAXYUHMIITE (BAITAJTHA MAKEJIOHIJA)

MINERALOGICAL - PETOGRAPHIC AND CHEMICAL CHARACTERISTICS OF THE GRANITOID
ROCKS FROM THE LOKALITY MAZUCISTE, WESTERN MACEDONIA .........ccoccvnmnnniimanieoiin. 59

Maupjana IosiomeoBa, Agpoaura 3engeincka, biaaroj INotomeos
AKTUBEH TPETMAH HA PYJHMYKH BOJI1
ACTIVE MINE WATER TREATMENT ..ottt ciis s s sss s ass st s s ss s scessnessaes 69

MpuTtko Janues, UBan boes

EKOJIOHIKATA KEIIKA TOUKA — HEITOHMJA 3A UHJYCTPUCKH OTTIAM ,, XVMB-BEJIEC*
MIHEPAJIOLIKHY, TEOXEMMCKH 11 PAJIMOXEMICKH NCTPAJKYBAILA

ENVIRONMENTAL HOT SPOT —~ LANDFILL FOR INDUSTRIAL WASTE “HIV-VELES”
MINERALOGICAL, GEOCHEMICAL AND RADIOCHEMICAL RESEARCH .......ccooocoiniiiiiiieiiinnn, 77



Camka borjanosa Ajnesa, 3opan lecniogos

HNCTPAXYBAIA 3A YTBPIAVBAILE HA METOJIOJIOI MJA 3A M3BOP HA JIOKALIMJA

3A ITPEMIMHHN HA JKMBOTHUM ITPEKY TPAHCITOPTHH MHOPACTPYKTVYPHI OBJEKTH
INVESTIGATION IN DETERMINATION OF THE METHODOLOGY FOR CHOICE OF LOCATION

OF BIO CORRIDORS FOR ANIMALS ACROSS INFRASTRUCTURAL TRANSPORT OBJECTS ....... 85

Tome I'opiaeBckn

COCTOJBHU M TTEPCIIEKTHUBHM 3A TPETMAH HA MEJIMIIMHCKHN OTTIAJL BO

MCTOYEH ITJIAHCKH PEI'MOH

CONDITIONS AND PERSPECTIVES FOR TREATMENT OF MEDICAL WAST IN

THE EAST PLANNING REGION ....ooiiiiiiiiiteeitieeceeeeiesosieessseseeseeesesssssssssesasssssosionsosesstasssssasesssssssnsessssssssss 97

Odennja Hauesa, Kpcro Baaxkes
JIOTICTHUKA 1 CTPATEI'MH ITPU ITPON3BOJICTBO HA YKPACEH KAMEH
LOGISTICS AND STRATEGIES IN PRODUCTION OF DECORATIVE STONE .......cccoocviiiiiiciinnane 107

Exarepana Hamuuepa, Illerap Hamuven

3HAYEBLETO HA CKOITCKHTE TTAJIATY BO ®OPMHWPAILETO HA YPBAHNOT

PA3BOJ HA TPAJIOT CKOINE O/] 1920-TUTE I'OJMHI

THE SIGNIFICANCE OF SKOPJE’'S PALACES IN THE FORMATION OF THE

CITY'S URBAN DEVELOPMENT FROM THE BEGINNING OF THE 20TH CENTURY ......ccccccc.... 113

Vaska Sandeva, Katerina Despot
CONTEMPORARY INTERIOR WITH A STRONG ECLECTIC TREND
CHJIHN EKJIEKTHYHU ABIKEBA BO COBPEMEHUTE EHTEPUEPH ..o 123

Katerina Despot, Vaska Sandeva
BIDERMAER STYLE IN CONTEMPORARY INTERIOR ACCENT
BUIEPMAEP CTHJI AKLIEHT BO COBPEMEHUTE EHTEPHIEPH ........cccocieniecnriciirinnnnnnsisnssesersnnns 129



EKOJIOIUKATA KELIKA TOYKA - JENNOHHUJA 3A UHAYCTPUCKHU OTIIAA
+~XUB-BEJIEC* MUHEPAJIOLIKH, TEOXEMHUCKH U PAIMOXEMUCKH
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AncrpaxT OpHruHaIen HaydeH TPy

Bo Henocpe/iHa 6M3uHa Ha naToT Besec-T'pajicko (kaj cenoTo 3rponoiy) e Jolupana jienoHujara
3a pocdopeH rurc, Koja e 0CTaToK 0/] HEKOTaltHOTO MPOU3BOACTBO Ha BelTaykk fy6puBa Bo gpabpukara XUB-
Besiec. /lenoHujaTa € cMecTeHa Ha 0KOJIy /iBa KMJIOMeTPH 0/ caMmaTa ¢pabpuka, BO eJlHa JI0JIMHA BO Koja HeMa
NOCTOjaHK BoJeHn TekosH. Ha genonujata uMa ojjokeHo okosy 3.5 MUJIKOHM MeTpH Ky6HM Ha docdopen
runc. /lenoHMjaTa o/i acneKkT Ha MPUCYCTBO HA MOro/JeMa KoJIMYMHA Ha TUIIC He NTpeTcTaByBa cepHo3Ha 3aKaHa
3a )KMBOTHATa Cpe/IMHa, HO 0/} ACTIEKT Ha 3roJeMeHH KOHLEHTPAIlMK Ha PaAHOHYKIHAN BO GOCPOPHHOT IUIC,
Taa MpeTcTaByBa eKOJIOIIKA Kelllka Touka. 0 HanpaBeHUTe NPUIMMHUHAPHU HCTIMTYBalha Ha 3acTaneHoCcTa Ha
PasHoHYKIMAUTE MO3Ke a Ce 3aKaydH Jeka aKTUBHOCTA Ha M30TONUTe 0 HU3aTa Ha 238U e 3rosieMeHa.

Kiyunu 360poBM: Jceluka moyka, pocghopen 2unc, paduoHykAudu.

ENVIRONMENTAL HOT SPOT - LANDFILL FOR INDUSTRIAL WASTE "HIV-

VELES" MINERALOGICAL, GEOCHEMICAL AND RADIOCHEMICAL RESEARCH
Mitko Jancev!, Ivan Boev!

1Faculty of Natural and Technical Sciences, Goce Delcev University, Stip, Macedonia
ivan.boev@ugd.edumk

Abstract

The landfill for phosphorus gypsum, which is the remainder of the former production of fertilizers in
the factory HIV-Veles, is located in the immediate vicinity of the road Veles-Gradsko (near the village of
. Zgropolci). The landfill is located about two kilometers from the factory itself in a valley where there are no
permanent water courses. Approximately 3.5 million cubic meters of phosphorus gypsum have been put away
in this landfiil. From the aspect of the presence of a larger amount of gypsum, this landfill does not pose a serious
threat to the environment, but from the aspect of increased concentrations of radionuclides in phosphor
gypsum, it represents an ecological hot spot. From the preliminary investigations of the representation of
radionuclides, it can be concluded that the activity of the isotopes from the array of 238U is increased.

Keywords: hot spot, phosphorus gypsum, ridaioniclides.
1. Bosepg,

dabpukara 3a BewTauKM I'ydbpusa ,XeMucka MHAyCTpHja Besec" (ckpaTeHO M caMo Kako
,XMUB“) e dabpuka 3a npon3BOACTBO HA BelITauKK FyGpuBa BO 6J1M3MHA HA CEJI0TO 3rponoJLH, BO
CpeJAMIIHMOT JeJsi Ha MakeJoHMja, BO HernocpejgHa 6au3vHa Ha pekara Bappap. ®abpukara e
ojjaJsieyeHa 0Koay 12 KHJIOMeTPH jyrOMCTOYHO 04 rpajoT Besec, o4H0cHO 0Koy 15 KMIOMETPH 0/
Tonuanuyara 3a ososo 1 yuuk ,MXK 3znetoso“ (Ca. 1).

IToctpojkara 3a pocdopHa KucesMHa BO paMKKTe HA  XeMHCKaTa MHycTpuja Besec" 3a nps
nar 6usia orBopeHa Bo 1979 roauna. Ciegnara roguia Bo ¢peBpyapH 3anodHano npou3BojCTBO Ha
MOHO-aMOHKYM dochat (MAP), a KanaMTETOT 338 NPOUIBOACTBO HA yGpHBa OMJI OTBOPEH BO Maj
1980 roguna.

®abpukara npecranasa co pabora Bo jynu 2003 rogmua. Orrorauw, Hajrosiem jes oj
onpeMara H oGjeKTHTe BO LesaTa pabpuKa ce pyMHMPaHH, YKPaJeHH H YHHLITEHH.

dabpukaTa npBeHCTBEHO 6MJIa U3rpajena 3a Ja ja KOPMCTH cyipypHaTa KMCeJHHA WITO ce
Jo6uBana BO METaJlyprucKHMOT KOMIUIEKC Ha KomOuHaror TonuaHuua 3a 0y0Bo0 M uuHK ,MXK
3neToBo" Kpaj Besec.

i |

~
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['1aBHOTO 1POM3BOJCTBO HA pabpukara Guse:

. [IpousBoacTBO HA dpochopHa KUCeSIMHa;
. [pousBoacTBO HAa MOHO-aMOHUYM ocdaT;
. [Ipon3B0OACTBO HA BelTauku Fy6prBa.

KanauureTor 3a npon3BojcTBo Ha pocdhopHa KucesimHa 61 npoektupan Ha 50.000 Touu
Nno JAMXM/JpaTHa N0OCTanka, a MakKCMMaJIHMOT OcTBapeH kanaupureT u3HecyBas 33.000 ToHm
rOAMLIHO.

Bo cocraB Ha ¢abpukara ce HaorfaaT: ynpaBHa 3rpaja, NOIOH 3a NPOMU3BOJACTBO HA
¢docdopHa KucesrHa, NOroH 3a NPOM3BOACTBO HA [yGpMBA, MOTOH 3a NaKyBaibe Ha [yGpHBa,
CKJAJMIITA 3a CYPOBMHM, MNOJNYNPOM3BOA W T'OTOB I1POM3BOJA, pe3epBoapu 3a XeMHKaJUM,
CKJ/Ia/IMILUTA 32 NOMOLUHHY MaTepHujay, pe3epBoapH 3a Te4HH rOPUBa, KOTJIAPHHULA, NIPeYUCTHTENHA
CTaHULA, JJabopaTopuja, CaHUTapHH 06jeKkTH U KyjHa (Ci1. 2).

Bo pamkuTe Ha dpabpukaTa ce Haora v noce6Ha TpadocraHma, cMecTeHa BO 6JIM3MHA HA
IJIABHUOT BJIE3.

@ Texmonowmn npoyes
@ s : 3 481 /i % -
@ Pocdroruncana aenonnja : A A 3] VALt

Tonorpagicka kapra 1:25000 @®abpuka 30 NPOMIBOACTEO HA BewTauku fyGpusa

Cauka 1.: Feorpadcka nonox6a va Xemuckara nnaycrpuja XUB-Besec”
Figure 1. Geographical position of the chemical industry “ HIV-Veles “
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®abpukara 3a BewTauku fy6puBa ,XeMucka HHAycTpHja Besec” G1aa BO CONCTBEHOCT Ha
npernpujaruero ,MXK 3seroso”. Ilpernpujaruero ,MXK 3zeroBo®, koe ru nocejypano
Tonunnvuata 3a os0Bo M uuHk ¥ Pabpukata 3a BewTayku Fy6puBa, Guaa BO Ap)KaBHa
concrpenoct. Bo 2003 roanHa, npeTnpujaTHeTo BerIo Bo crevaj. /lBata Aesa Ha npeTnpujaTHeTo
+MXK 31eToBo" 6use nposazienn 3a 2 MuInOHM M 250 witjaan eBpa KoH Kpajor Ha 2008 rognHa Ha
npernpujatuero ,MeTpyzaxem” oz Ckorje.

ol

i
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Cnmka 2.: Pacnopenna o6jeKTHTe BO a6puKaTa
Figure 2.: Plant Jayout in the factory

busie pasenu HajaBu 3a 0THOYHYBaMe Ha IPOM3BOACTBO M pectapTHpaibe Ha GabpukuTe,
HO Cenak, u ABaTa Jesia Ha KOMOMHATOT 3/1eTOBO He 0THoYHAaJe CO PaboTa, N0 CHAHUOT OTNOP 0Of
rparaHuTe Ha Besec.

®abpukara npeTcraByBa eKOJIOUIKa KellKa TOYKAa BO OKOJMHATA, OPajH HeCpeseHUTe
KHCeJIM OTNaZHM BOJM M JlelIOHHjaTa 3a I'MIIC, Koja ce KOPHUCTes1a 0/ OYETOKOT Ha paBoTerheTo Ha
dabpukara Bo 1979 roguna 10 HejauHOTO 3aTBOpame Bo 2003 roguHa. Ha JlelIOHM]aTa 3a IuIc ce
Haoraar 3,7 MMJIMOHM TOHH THIC U ce npocTHpa Ha 70.000 Mm% JlenonujaTa 3a rUINC € cMecTeHa Ha
oKosy 1,5 KnoMeTpH jyrozanazino oz, GabpuUuKHOT KOMILIEKC, BO MaJla I0JIMHA Mel'y PHI0BH.

Jlenonujara 3a runc 6ua nosHeTa NpeKy LEBKOBOA, IPH LITO Ce NpeHecyBase LBPCTHTE
OTNagnu Marepuu Bo 06auK Ha docpopHo-runcena cycnensuja. [lokpaj camara aenouuja,
¢abpukara npexy McnymTare Ha OTHAAHUTE BOAM, L1€JIOCHO ja 3arayBaa 1 pexara Bapgap.

2. lenouuja Ha pochopen runc

Jenonnjara 3a ornagen pochopen ruinc, Koja e npeAMeT Ha UCTpaKyBaHe, ce Haora BO
HenocpegHa 6JM3MHa Ha camaTa GabpUKa M MCTaTa € CMecTeHa BO eAHa AO0JMHA BO KOoja HeMa
nocrojan Bogorex (Ca. 3). Meosnowkara rpagba Ha TepeHOT BO KOj € cMecTeHa JIoKauujara e
NIpeTcraBeHa co C/Ie/IHMBE JIMTOJIOWKH eJAMHULIH,
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Canka 3.: lenonuja Ha pocdopen runc Ha pabpukara XMB-Besiec
Figure 3.: Landfill for phosphorus gypsum of the factory HIV-Veles

- aneo3ouk (Pz)

MlpeTcTaBen e CO KBAPLMTH M KBApLHM NECOYMHMLM O/ Nale030jCKa CTApOCT KO Ce BO
KOHTaKT co Aujab6asu. TMe ce perMcTpMpaHd Ha 3amaZHUOT JeJ Ha NpeiMeTHaTa JloKauuja
(nokaumjaTa Ha pabpuKaTa M JeNoHMjaTa 3a IUIc), U MCTUTE Ce NOBPIIMHCKM M Ha OApe/ieHn MecTa
pacnajgHaTHu.

- Tepuuep (Tc)

IlpercraBeH e co eoueHckH GuanHK ceauMenTH (3E3) M nAMOUEHCKH CEAUMEHTH.
- Eouencku cegumenTH (3E3)

3azeMaar HajroJeMo pacnpocTpaHyBaibe 0f TepLHepHUTe CeJUMEHTH M M3JBOEHH Ce BO
YyeTHpH cynepno3uuuu: bazasHa cepuja: MecoYHMIH, JIaNOPUK M KOHIJIOMEPATH, [I0JIHA 30Ha HA
ML KOHTJIOMEPATH, NECOYHMLM M TJIMHLM, JOJIHHM KOTH NEeCOYHMIM, M TOPHA 30HA HA (MUl
JIANOPOBUTH BapOBHUUM M IJIMHIM, OBHE QJIMIIHKM Ce/IMMEHTH Ce jaByBaaT CO MHOTY Heye/iHaueH
COCTaB BO KOj y4eCTBYBAaaT: MECOYHMUHM, KOHIJIOMEPATH, IJIMHIM, ajeBPOJMTH, Janopuu H
J1anopoBUTH BapoBHULM. [To Goja ce CMBM 0 CHBO 3e/IeHKACTH (IJIMHLMTE) M JKOATO 0 XKOJITO
TeMHU (NeCOUYHHLMTE) CO BIEYATIMBH TPArH Ha Teuee, Bleyere, 3aceuyBathe, HaBJleKyBamhe 1
BTUCHYBaIbe, KAKO M ePO3HBH KaHa/H. LleMeHTHOTO BP3uBO e KapGoHATHO, TIMHOBHUTO, @ HE PETKO
1 eCOMHHYKO.

[uimoueHcku cepumentu (Pl)

Ha nommMpoKHOT TepeH, NPETCTABEHM Ce CO IeCOLM U IJIMHM U CePHja Ha 11eCOLH, CYIJIMHHU
M yakasu, [lecouure M rAIMHKATE NPETCTABYBaaT 6a3a Ha MJIMOLEHOT U U3TPaJIeHH Ce 0/l CHTHO3PHH
aJIeBPOJIMTCKH [1€COLH CO NPOCJIOjLM HA IJIMHA M TIPOCJIOjLM HA YUCTO KBAPLHOJIHMCKYHCKH T1€COLH.
I'inHuTE Ce XMAPOJIMCKYHCKH (0 MOHTMOPHOHHTCKH M GojaTa MM Bapupa 0/i CBETJIOKOITEHHKaBa
210 TeMHOLPBEeHHKaBa. M3BopoT Ha ceiNMEHTALHOHMOT MaTepuja 61l pa3inyueH, a peXXUMOT Ha
cejiMMeHTanMjara  Oua  npomensnB. llecouure, cyrMHMTE M vaKkajuMTe 1NpeTCraByBaaT
CIATKOBOJHH €3€PCKH CeAMEHTH, IIPBEHCTBEHO NPeTCTaBeHH CO NECOK/IHB H INIMHOBUT MaTepujas
BO KOj Ce jaByBaaT NnorojieMu MM 1oMaJii MJIa30BH Ha YaKaJi, @ Ha MecTa W KOHIJIOMepaTH, T.e.
JINTOJIOMIKMOT COCTAB Ha OBHE CeIMMEHTH 3aBUCH 0/1 KapIHTe IPeKy KOU Ce HATaJl0KeHH.
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- Kaprep (Q)

[lpercraBed e co nposnysujanuu (pr), genaysujanuu (d) v anyBujaaHu cegumenT (an),
pasBHeHH JoJiK TpacaTa. [JebesrHaTa UM e IPOMEeHJINBA, 0 HEKOJIKY MeTpH 0 30 M, cocTaBeHH o
nojyo6paboreHu napuviba 0j OKOJIHMTE PHAOBH TOMELIAHW €O NeCOK W roJieM NpoLeHT Ha
IJIMHOBUTA cyncradua. [lenyBujasnurte ceauMedHTu (d), HepaMHOMEPHO ce pacnopejieHH Ha
TepeHHMTe €O OJlarM NMaJiMHU M WMaaT MaJlo pacnpocTpaHyBatbe [OJK Tpacata. AlyBujasHHUTe
ceJIMMEHTH Ce paclpocTpaHeTn 0Kojy pekarta Bapjap M ce npercraBeHM 0Jf NECOLH, HaKaJu,
0JIOKOBU M CaMIHU.

Cnopey reosiomikara rpaj6a Ha TEpeHOT U JIMTOreHEeTCKUTe KapakTePUCTUKH Ha UCTHOT,
0J1 XMIPOTeOoJIOIKH aCleKT MOXe Jia ce KOHCTaTHpa JieKa ce paboTH 33 TepeH u3rpajeH o4 361MeH
THII HA U3JJaHH €O CJI060HO HUBO HA NOJA3EMHHUTE BOAM CO HHTeprpanyaapHa noposnoct (Ci. 4).

[locTojaT aHTUKJAMHAJIHW W CHHKJIMHAJIHU CTPYKTYPH BO CeJUMEHTHTE, CO reHepasiHa
Hacoka Ha nporerawe C3-JU. Co pajujasHuTe JABIXEHa THe e MHOTY HapylleHM, Ha WTO
YKQXKYBaaT TEKTOHCKMTE KOHTaKTH. MCcTpayBaHMOT TepeH 0Jf acneKkT Ha CeM3MO-TeKTOHCKHTe
KapaKTepHCTHKM Npunara Bo coctaB Ha CKonckata ceM3MHuYKa 30Ha, Ma Taka, MHTEH3WBHMTE
TeKTOHCKH ABMKeHa BO Bapjapcka 30Ha, NOBP3aHU ce CO KPYIHU paceji, IWTo ce MaHudecTrpa co
MHOTY OCTPH NPEMHHHU CO CTPMHH CTPaHHM M CHoOpeji MUKPOCeM3MHUYKaTa CKajla, MCTPaXKyBaHHOT
TepeH npunaia Ha 7 crenen no MLC Ha 3rojiemeHa ceM3aMHM4Ka aKTUBHOCT.

Xugporeonowkn o3Haku:

Jo6po BogonponycHa BOAOHOCHA CPeAnHa,
XMAPOTEONOWKH KONEKTOp

CpegHo BOAONPONYCHA BOAOHOCHA CPeAHA,
XVAPOreonoWKK KONeKTOp

Cnabo BOAONPONYCHA BOAOHOCHE CPeAWHa,
XMAPOIreONOWKM KONEKTOP A0 M30NaTop (KoMnnekc)

YenoeHo 6e3sogHa cpeguna,
XMAPOrenowKu uionarop

Camxka 4.: XugporeoJiolka Kapra Ha JloKalujara Ha gernonujara 3a ¢pocpopen
runc o abpuxara XUB-Besec
Figure 4.: Hydrogeological map of the location of the phosphorus landfill gypsum from the factory
HIV-Veles
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3. KapakTepuUCTHKHU HA )KMBOTHATa CpeAMHA

OnwtuHaTa 'pajcko Jiexku Ha paMHUYapPCKO 3eMjULLITe Ha TPoceyHa HaZAMOPCKa BUCOYHHA
oz 147 meTpu 1 ce Haora BO npocTop 3adarTeH 0/ MeAUTEpaHCKa KJMMa Koja pojAMpa 1o pexkara
Bapaap oz Erejckoro Mope.

[poceyHara roguuiHa TeMnepaTypa usHecysa oz, 14 no 14,5°C, co Tonau M CyBH J1eTa, CO
1npocek Ha TeMrepartypa o4 25 10 35°C, v 6s1aru 3umu.

[TpocTopoT Ha KOj ce npoTera ONWITHHATA MMa PEYMCH MCTH KapaKTepPUCTHKH Ha
cpejlo3eMHa KJMMa CO MaJIKy BPHEXHM Ha rojuuiHo Hupo (400-500 mm/m?), a noHekoram M
cynTporncku eta. MarJiaTa e yecta 1ojasa Bo paHa NpoJieT M JoLHa eceH 1 06H4HO ce 3aApKyBa Ha/
caMoTOo KOpUTO Ha pekaTta Bapaap. BeTpoT koj npeorsia/lyBa Bo permoHoT jloara 0/} ceBepeH npasetll,
JOJDK JlosIMHaTa Ha pekara Bapgap. Berposure ayBaaT ojf cuTe npaBuM, €O JIOMHHALMja Ha
CEeBEpPHUOT, KOj € CO NpocevHa roguuIHa yecTuHa o 168 %o 1 cpesiHa roguiuHa 6p3una og 2,9 m/s.
[Ipoceynara yecruHa Ha TUwMHUTE € 472 %o. (Ca. 5).

Ha npegmerHata JioKalMja He e BpLieH MOHMTOPHHI HA KBaJIMTETOT HA aMOMEHTHHOT
BO3ayX. JJOKOJIKY A0j/e A0 pectapTupatbe Ha ¢abpuKkaTa, rJlaBHa 06BPCKA HA MHBECTHTOPOT Ke
6ujie Ja cripoBesie Meperba Ha KBaJIUTETOT HA aMGMeHTHHOT BO3AYX NpeJ OTNOoYHYBalbe co paboTa
Ha MHCTaJlauMjaTa, npy WTo Jo6HeHuTe BpeAHOCTH Ke NpeTcTaByBaaTt pedepeHTHH BPeJHOCTH BP3
OCHOBA Ha KOM Ke ce cJie/{d MOXKHOTO HapyulyBake Ha BO3AyX0T 0/ paboTaTa Ha HHCTaJlalMjaTa.

Ty e ey
frobresy

el ||| B
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Camka 4.: Pyxka Ha BETPOBH Ha JIOKalLlMjaTa Ha JenoHujaTa 3a pocdopeH runc
Figure 4.: Wind rose on the location of the phosphorus landfill gypsum

4. MeTojoJ/iorvja Ha pa6ora

Martogosorujara Ha pa6oTa Ha nnpeMeTHaTa TeMa 3a Hay4yHa pa6ora EKOJIOIIKA KELLKA
TOYKA - AENNOHUJA 3A UHAYCTPUCKH OTHAA , XUB-BEJIEC* MUHEPAJIOLIKH, TEOXEMHUCKH W
PAJUOXEMUCKH UCTPAYKYBAIDA, ru npeBuaysa cieHMBe HCTPaKyBauKH akTHBHOCTH:

1. Tepencka pa6ora Ha npejAMeTHaTa JIoKaluja;
2. CoGupaibe Ha NpUMePOLH 3a JIaBOPAaTOPHCKH UCTPAXKYBALHA;
3. JlabopaTopHCKH HCTPAXKYBaa;
3.1. HcnuryBaiba Ha MUHEpPaJIOWKHOT COCTaB co nprMeHa Ha XRD TexHUKUTE, KBAHTUTAaTHBHH
MHHepaJIOIIKK UCIUTYBatha, PUTBEI-0B MeTO/;
3.2. Hcnurysama co npumena Ha SEM-EDS TexnukuTe;
3.3. McnuryBarba Ha XeMHMCKMOT M TIeOXeMMCKMOT COCTaB Ha coGpaHMTe NpUMepoLH Of
aenonujara 3a gocdopen runc, Al203, Ca0, Cr203, Fe203, K20, Mg0, Mno, Naz0, P20s, Si0z,
TiOz, LOI, Ag, As, Au, Be, Bi, Br, Cd, Co, Cr, Cs, Cu, Fe, Ga, Ge, Hf, In, I, Mo, Na, Nb, Ni, Pb, Rb,
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S, Sb, Sc, Se, Sn, Sr, Ta, Th, Tl U, V, W, Y, Zn, Zr, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Yb, Lu, co npumena Ha Metogot Ha ICP-MS;
3.4. Pa/ijMOXeMHUCKH HCITMTYBaHha, NCITMTYBakha Ha 3aCTaleHoCTa Ha paJiMoHyKinauTe, Ra 228,
alfa/beta papguoaxrusnoct, Pb 210, Ra 226, Pb 212, Pb 214, T1 208, Bi 212, Ac 228, K40, U
238, Th 232;
4. 06paborka Ha Jlo6ueHnTe 1aO0PAaTOPHCKHU UCITMTYBAh3;
5. KomenTap M 3aK/syqyoL 0Jf HCTpaxKyBaibaTa.

5. [IpeMMMHAPHU pe3y/ITaTH U KOMEHTapu

Bo Hacoka Ha 2106MBathe Ha NPeJIMMHHAPHH Pe3yJiITaTH KoM Ke ce MCKOPHCTAT 3a 1noJ06po
oco3HaBaibe Ha npo6seMoT 3a paboTa, HaNpaBeHHW Ce HEKOJKY MCIMTYBamba oj Maa obem Ha
MaTepMjaJin KoM ce 3eMeHH 0/l JlerioHujaTa. JloGueHuTe pesyJitaT ce npukaxanu o Tabesara 1.

CneyuduyHUTE aKTMBHOCTM Ha paguoHykaugute U238 Ra226 Pb210 ce pucoku. Tue
noTekHyBaaT o/ HuM3ara Ha U238, HeonpegeseHnocrure Ha pesyjraruTe ce MaJsIKy 10ji 3HaK Ha
npawatbe: 3a 238U e 1,2 % 226Ra 78 %, a3a 210Pb e 1 %.

Ta6esia 1.: CneynuyHn akTHBHOCTH Ha paJIMOHYKJINMTE 04 serionnjaTa XUB-Benec
Table 1.: Specific activities of the radionuclides from the HIV-Veles landfill

Laboratory sample No.
Isotope /Radioactivity Units Method 1440/16772

Result Uncertainty
Specific activity of U238 Bg/kg 1EC 1452 329.91 3.991
Specific activity of Ra226 Bqg/kg 1EC 1452 218.25 169.98
Specific activity of Ph210 Bg/kg IEC 1452 256.89 2.526
Specific activity of Th?32 Bq/kg IEC 1452 13.697 2.103
Specific activity of K40 Bq/kg IEC 1452 N.D. -
Specific activity of Cs!37 Bg/kg 1EC 1452 N.D. -
Specific a activity Bg/kg 1SO 9696 544.0 15.9
Specific f activity Bg/kg 1SO 9697 1160.0 27.2

3a J1a ce aHaJIM3MPA COOJIHOCOT HA PAJAMOHYKJIM/IMTE BO IIPUMEPOKOT, CaMO OBHE pe3yJiTaTh
He ce JAOBOJIHM M 3aTOa THE HMMaaT KapakTep Ha npeJMMUHapHH. HKmeHo, co rama
CneKTpoMeTPUCKMOT MeTOA HHAMPEKTHO ce onpejenayBaaT akTHBHOCTHTe Ha UZ3 u Ra?26 npeky
aKTUBHOCTMTE HAa HMBHWUTE pacHajHM NpPOAYKTH €O NpPETNoCcTaBKka /JieKa e BOCIocTraBeHa
paJHOaKTHBHA PAMHOTeXKa Mel'y HUB.

Bo HeoGpaGoTeHuTe 104BH pamMHoTexara mely U238 g Ra2?6 nocron M akrMBHOCTHTE Ce
npubaHIKHO UCTH (pe3ysTaTuTe o4 nousnTe Bo MK ce Bo npogosienue). Bo cayyajos, noBucokara
BpeiHocT Ha 238 U Bo oiHOC Ha 226Ra Mozke /1a ce JL0J1KK Ha 0/ipe/ieH 11POoLeC Ha OCHpoMallyBathe
Mery HMB MJIM NIaK Taa Jja He OCTOM M Ja ce caMo opajH BUCOKaTa HeonpeeieHOCT Ha Pe3yTaToT
Ha pajHyMOT.

Mopa j1a ce crioMeHe Jieka craHyBa 360p 3a caMo e/leH HPUMEPOK H /IeKa He € BO3MOXKHO BO
OBOj MOMEHT Jja Ce JOHeCyBa HeKoj Nocepro3eH 3aKay40K OCBeH JeKa - AKTUBHOCTA Ha H30TONUTe
0/1 HU3aTa Ha 238U e 3rosiemMeHa.

6. 3aky4uoK

Pagnonyknugure, oco6eH0 YpaHHMYMOT M HErOBUTE pacnajHHu MPOHU3BOAH, IPeMHHYBaaT
Bo ¢ocdoruncor oy dochaTor KOjIITO € rJaBHa CypOBHMHA 3a NMPOM3BOACTBO Ha ¢ocdopHa
kucesnna [1]. Taka, npaBuannoT u3bop Ha docdatoT Moxe Aa BPWH AMPEKTHO BJMjaHHE BpP3
kpajauTeTorT Ha dochoruncor [2]. PajjMOHYKAMANTE M TeWIKUTEe MeTaJM KOM Ce [IPUCYTHH BO
dochaTuTe MOXKAT A ja OrpaHMUaT M OHEKOrall Jja ja UCKJyYaT ynorpe6aTa Ha oJpeJieH! BUA0BH
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¢ocparu (na npumep, pocharor oa Mapoko e 3abpaner Bo 3emjure Ha Esponckara ynuja). Oa
Cnukata 1 Moxe ga ce BuaM geka docdaturte oj ByskaHcko norekno (Koaa ¢ocdar) ru
3a/10B0JlyBaaT cuTe Gaparba BO OAHOC HA HErOBUTE KapaKTePUCTHKH M docdoruncor aobuen ox
HHUB e HajunucThoT [3].

OxcuguHara cocroj6a Ha ypanuymMoT Bo pocdarure 1 MeToA0T Ha 06paboTka Ha pyjara ja
oJpeAayBaar AMCTpUBYLMjaTa HA yPaHUYMOT noMely kuceaunata u pocdoruncor. [ipeMunysaieTo
Ha ypaHuymorT Bo ¢ochopHaTa KMCeJMHA e TponopuuoHasHo co edukacHocra P20s5 ako
¢docparHaTa pyaa ce pacTBOpa 110/ KMCeH yeloBH [4]. 3a Bpeme Ha KonBep3ujaTa Ha docdaT oA
CA/l [4], BO KoOj ypaHuyMOT e npucyTeH raasHo Bo dopma U (1V), KopucTejiku ro BAaXKHHOT METO/
60-80 % o ypaHMyMOT NpeMMHyBa BO KucesMHa, a ocranature 20-40 % npemuHysaar BO
docdoruncor. 3a pochaTHUTe npuMepoLH oj APpHKa, BO KOM YPaHUYMOT € NPHUCYTEH MPeTexHo
B0 ¢popma Ha U (VI), HeroBuorT jeJi BO KucesinHa Moxce Aa jocturue 90 % [5].

HamecTo nocTojHHOT METO/ Ha JUXKHAPAT, TPeda a ce KOpUCTAaT KOMOMHMPAHH METO/H Ha
AUXMAPAT-XeMUXUAPAT WMJIM XeMUXMJpAT-AMXM/paT, KOM NpOH3BejyBaaT 3HAYMTENHO MOYUCT
xeMuxuapar o ¢pochoruicoT Bo KJIACHYHHOT METO/ Ha AMXHUAPAT.

Jo6uenuor docorunc Gapa npesMMHHAPHO NPOYMUCTYBake MOpaju MPHCYCTBOTO Ha
pagMoHyKauau [6]. Mopa za ce narsiacu geka ynorpe6ara Ha pocdorunc, o0cob6eHo 3a npoM3BOACTBO
Ha CTPYKTYPHO-Tpa/Ie)KHH €JIeMEHTH, MOXe Ja Ce pellid caMo 0Jf KOMINeTeHTHHUTe CAYxKOH 1o
NpeJMMHUHAPHOTO CJie[iethe Ha HeroBaTa Co/ipXKHHa Ha PaAHOHYKJIH/H.
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A bstract: The work of the factory for the production of fertilizers in the area of Veles (Republic of North
Macedonia) resulted in a residual amount of approximately 3.4 million tons of phosphogypsum, which was deposited
at the dump adjacent to the plant between 1980 and 2003. So far, no remediation of the phosphogypsum dump has been
performed. This paper presents the results obtained from representative samples taken from the phosphogypsum dump
by applying the following methods: analytical methods (ICP-MS, FUS-ICP-MS), mineralogical methods, X-ray pow-
der diffraction (powder-XRD), electron microscopy (SEM-EDS), and high-resolution y-ray spectrometry. The samples
contain crystalline gypsum (Ca-sulphate), Fe-hydroxide, Ba-sulphate, Ca-fluoride, Si-oxy-hydroxide and zircon.The
gross alpha specific activities varied between 820 Bg/kg and 1090 Bg/kg with an average of 950 + 104 Bg/kg, while
the gross beta specific activities ranged from 1380 Bq/kg to 1980 Bq/kg with an average of 1694 + 220 Bg/kg.

Key words: phosphogypsum; fertilizer; mineralogical; alpha and beta specific activities

INTRODUCTION

Phosphogypsum is obtained in the phosphoric
acid obtaining process by treating phosphate rock
(phosphorites) with sulfuric acid (Al Hwaiti et al.,
2015; Al Masri et al., 2004; Bituh et al., 2009; Mesi¢
et al., 2016; Degirmenci et al., 2007). The fertilizer
plant "Chemical Industry Veles" (abbreviated as
HIV) is a factory for the production of fertilizers
near the village of Zgropolci in the immediate
vicinity of the river of Vardar, central N. Mace-
donia. The factory is located about 12 km southeast
of the city of Veles and about 15 km from the lead
and zinc smelter "MHK Zletovo" (Figure 1).

The plant for phosphoric acid within the "Che-
mical Industry Veles" was first opened in 1979. In
February of the following year the production of
monoammonium phosphate (MAP) began and the
plant for the production of fertilizers was opened in
May 1980. The factory ceased operations in June
2003.

The factory was primarily built to use the sul-
furic acid obtained in the metallurgical complex of
the lead and zinc smelter "MHK Zletovo" near

Veles. The main production of the plant was the pro-
duction of phosphoric acid, the production of mono-
ammonium phosphate and the production of fertili-
zers. The capacity for the production of phosphoric
acid was projected at 50,000 tons with a dihydrate
procedure, and the maximum realized capacity was
33,000 tons per year.

The factory represents an ecological hot spot
in the surrounding area due to the unorganized acid
waste waters discharge and the gypsum dump,
which has been in use since the plant started opera-
tion in 1979 until its closure in 2003.

There are 3.7 million tons of gypsum on the
gypsum dump and it covers 70.000 m?. The gypsum
dump is located about 1.5 km southwest of the fac-
tory complex in a small valley between hills (Di-
mitrioski, 2011).

The gypsum dump was filled by a pipeline,
whereby the solid waste materials were transported
in the form of a phosphogypsum suspension. Beside
this dump, the factory also completely polluted the
river of Vardar through the discharge of waste
waters.
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Fig. 1. Landscape of dump of the Veles fertilizer factory

MATERIALS AND METHODS

Twenty samples of phosphogypsum were
taken from the dump in the vicinity of the factory
HIV-Veles during August 2018 (Figure 2). The
samples were taken by digging wells with a depth
of 1 m, and 2 kg of each sample was taken from the
bottom of the well. The samples were dried at a tem-
perature of 105°C, packaged in plastic bags and

delivered to the Activation Laboratories Ltd. in
Canada. Chemical and geochemical composition
tests were performed on the delivered samples using
the Fusion-ICP and ICP-MS methods. Radioactivity
tests were performed using the methods of gross
alpha, gross beta, gamma scan, and uranium equilib-
rium.

Geologica Macedonica, 33,2, 111-124 (2019)
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Fig. 2. Process of taking of samples on the dumps

Quantitative tests of the mineral composition
were performed using the method of quantitative X-
ray diffraction analysis and tests were performed on
the composition of the present mineral phases ap-
plying SEM-EDS.

Fusion— ICP

Samples were prepared and analyzed in a batch
system. Each batch contains a method reagent
blank, certified reference material and 17% repli-
cates. Samples were mixed with a flux of lithium
metaborate and lithium tetraborate and fused in an
induction furnace. The molten melt was immedi-
ately poured into a solution of 5% nitric acid con-
taining an internal standard and mixed continuously
until completely dissolved (~30 minutes). The sam-
ples were run for major oxides and selected trace el-
ements on a combination simultaneous/sequential
Thermo Jarrell-Ash ENVIRO II ICP or a Varian
Vista 735 ICP. Calibration was performed using
seven prepared USGS and CANMET certified ref-
erence materials. One of the seven standards was
used during the analysis for every group of 10 sam-
ples.

ICP-MS

Fused samples were diluted and analyzed by
Perkin Elmer Sciex ELAN 6000, 6100 or 9000 ICP-
MS. Three blanks and five controls (three before the
sample group and two after) were analyzed per
group of samples. Duplicates were fused and

Geologica Macedonica, 33,2, 111-124 (2019)

analyzed every 15 samples. Instruments were recali-
brated every 40 samples.

Gross alpha. Gross beta

Approximately 0.1 g of a dry and homogene-
ous sample mass was transferred into a Planchet and
spread evenly with few drops of methanol before
counting in Protean ICP 650 Internal Proportional
Detector Automatic Low-Level Alpha/Beta Count-
er.

Gamma scan

A dry and homogeneous sample mass was de-
termined and put into a standard geometry for
gamma counting. The samples were counted for
long enough to meet the required sensitivity of
measurement. The multi-channel analyzer perfor-
med a Pulse Height Analysis to store the isotope
counts from the sample according to the produced
energy. The Canberra Genie-2K V3.2 software lo-
cates and analyzes the peaks, subtracts background,
identifies the nuclides and corrects parent/daughter
interferences. A report is generated and activity is
calculated in Bq/g.

Uranium equilibrium

A dry and homogeneous sample mass was de-
termined and put into a standard geometry for
gamma spectroscopy analysis. The samples were
sealed and stored for a minimum of 28 days before
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analysis. U%*® and Th?*? were determined by gamma
spectrometry from daughter products of the ura-
nium and thorium series (Pb?'* & Bi*'* for U?® and
Pb?12 & Ac?®® for Th?*?). The method assmes that the
decay series are in radioactive equilibrium. The
Canberra Genie-2K V3.2 software locates and ana-
lyzes the peaks, subtracts background, identifies the
nuclides and corrects for parent/daughter interfer-
ences. A report is generated and activity is calcu-
lated in Bg/g.

Quantitative X-ray diffraction analysis

20 samples were submitted for quantitative X-
ray diffraction analysis. Each powdered sample was
mixed with corundum and loaded into a standard
holder. Corundum was added as an internal stand-
ard. The X-ray diffraction analysis was performed
on a PanalyticalX’Pert Pro diffractometer, equipped
with a Cu X-ray source and an X’Celerator detector,
operating at the following X-ray conditions: voltage
40 kV; current 40 mA; range 5-70 deg 20; step size

0.017 deg 26; time per step 50.165 seconds;
divergence slit — fixed angle 0.5°. The crystalline
mineral phases were identified in X Pert High Score
Plus using the PDF-4 Minerals ICDD database. The
quantities of the crystalline minerals were deter-
mined using the Rietveld method. The Rietveld
method is based on the calculation of the full dif-
fraction pattern from crystal structure data.

SEM-EDS

A representative portion of each sample was
split using the micro-Riffle splitter. Two grams of
the sample was embedded in the epoxy resin for pre-
paring round polished sections. The samples were
received prepared and no further preparation on the
samples was performed at Actlabs-Canada.

The analysis was performed by FEI MLA
650F using manual methods with EDX detectors.
The Field Emission Gun was used at an accelerating
voltage of 25 kV and a spot size of 6 with a working
distance of 13 mm.

RESULTS AND DISCUSSION

Chemical characterization
Major element and impurities concentrations

Table 1 presents the results of the chemical
testing of phosphogypsum from the dump of HIV
Veles obtained by the Fused ICP method.

From the presented results we can conclude
that the content of the main elements in the phos-
phogypsum from the dump of HIV Veles is very
close to the content of the main elements in phos-
phogypsum from Algeria, Tunisia, Morocco, Brazil,
Egypt and Turkey (Table 2) (El Zrelli et al., 2018).
It should be mentioned that only the concentration
of CaO in the phosphogypsum from HIV Veles is
lower than the cited sites in Table 2. From the aspect
of the presence of impurities in the phosphogypsum
from the dump of HIV Veles, the concentration of
SiO; (Table 1) should be mentioned as being rela-
tively high compared to the cited samples of phos-
phogypsum from other sites (Table 2). Here the
concentration of SiO; has a mean value of 8.22% —
a relatively high value for such materials. This
comes as a consequence of surface decomposition
processes of phosphogypsum (Reguigui et al.,
2005) and the extraction of CaO in surface waters.
It should also be mentioned that the small differ-
ences existing in the concentrations of the main

elements in the phosphogypsum from the dump of
HIV Veles (Table 1) and the concentrations of the
main elements in phosphogypsum from other coun-
tries (Table 2) can be explained by different mineral
compositions as well (Al Masri et al., 2004).

Table 1

Chemical composition of the phosphogypsum
from the Veles dupm (N. Macedonia)

FUS-ICP method (%)

Average Median Min Max SD
SiO2 8.22 8.41 2.88 15.62 3.52
AlLO3 0.12 0.10 0.06 0.25 0.06
Fe203 0.09  0.085 0.04 0.2 0.04
MnO 0.004  0.0035 0.003 0.006 0.001
MgO <0.01  <0.01 <0.01 0.01 0.000
CaO 28.87 29.77 24.09 32.44 2.73
Na2O 0.06 0.05 0.04 0.10 0.02
K20 <0.01 <0.01 <0.01 0.04 0.02
TiO2 0.01 0.010 0.006 0.037 0.01
P20s 0.48 0.48 0.32 0.55 0.05
LOI 19.83  19.885 16.60 21.09 1.04
E 040  0.365 0.26 0.63 0.11
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Table 2

Concentrations (% weight) of major elements in phosphogypsum samples
from Veles (N. Macedonia) and other regions (El Zrelli et al., 2018)

Elements Tunisia® Morocco®  Algeria® Egypt¢ Turkey® Brazilf Macedonia®
CaO 32.80 38.14 31.18 32.13 32.04 37.05 28.8
P20:s 1.69 0.69 0.87 1.82 0.50 nd 0.47
SiO2 1.37 0.86 0.88 8.78 3.44 1.39 8.22
SOz 44.4 48.12 40.90 37.60 44.67 nd 41.7
ALO3 0.11 0.19 0.10 0.29 0.88 0.14 0.12
NaO nd 0.17 1.32 nd 0.13 nd 0.05
Fex0s 0.03 0.21 0.03 0.35 0.32 0.89 0.08
MgO 0.01 nd 0.06 0.09 Nd 0.30 0.01
K20 nd 0.01 nd nd Nd nd 0.02
E 0.55 nd 1.20 0.80 0.79 0.20 0.40

nd — not determined; “El Taher et al., 2007; PRenteria-Villalobos et al., 2010; “Kacimi et al, 2006;
Degirmenci and Okucu, 2007; Da Conceigdo and Bonotto, 2006; ePresent study

Trace elements concentrations

The concentrations of trace elements and rare
earth elements (REE) were determined in all sam-
ples taken (20 samples) and the results are shown in
Table 3.

Table 3

From the results shown, it can be stated that in
the phosphogypsum samples from the dump of HIV
Veles the concentration of trace elements is very
similar to the concentration in the phosphogypsum
from Tunisia (Table 4) (El Zrelli et al., 2018).

Concentrations of the microelements and REE in phosphogypsum from the Veles dump (N. Macedonia)
(in ppm) FUS-ICP-MS method

Average  Median Min Max SD

Average Median Min Max SD

Zn 40.00 40.00 30.00 80.00 15.81
Sr 683.75 731.50  316.00 832.00 148.66
Y 39.65 36.55 24.50 67.60 10.37
Zr 15.50 12.00 2.00 52.00 12.19
Nb 0.43 0.45 0.20 0.60 0.17
Ba 168.50 187.50 37.00  253.00 58.61
La 24.51 18.45 11.90 59.30 14.20
Ce 33.54 16.85 10.80 129.00  36.98

Pr 4.72 2.95 2.01 15.40 4.06
Nd 19.35 12.35 8.73 61.00 16.40
Sm 3.72 2.49 1.75 11.40 3.05
Eu 0.95 0.66 0.40 2.78 0.71
Gd 3.79 2.78 2.08 10.20 252
Tb 0.59 0.46 0.32 1.50 0.36

Dy 3.54 2.85 1.98 8.19 1.93
Ho 0.74 0.63 0.44 1.56 0.33

Er 2.11 1.86 1.28 4.03 0.78
Tm 0.26 0.24 0.17 0.47 0.08
Yb 1.45 1.35 1.05 223 0.31
Lu 0.19 0.19 0.16 0.24 0.02
Hf 0.39 0.30 0.20 1.20 0.26
Ta 0.02 0.02 0.02 0.03 0.00
W 2.19 1.10 0.50 10.10 3.22
Tl 0.16 0.10 0.06 0.66 0.15

Pb 19.08 13.00 6.00 87.00 21.81
Th 0.76 0.64 0.31 1.89 0.44
U 2.63 1.65 0.32 10.40 2.62
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Table 4

Concentrations (ppm) of trace elements in phosphogypsum samples
from North Macedonia and other country

Trace elements Tunisia? MoroccoP Brazil® North Macedoniad
Zn 137 8 7.5 40
Cu 9.6 21 4 9
Cr 13 20 2.5 18
Pb 0.90 6.2 11.5 19
As 1 - - 4
Ag 0.44 - - 0.6
Be 0.05 - - 0.1
Mn 3 - - 2
Bi 0.02 - - 0.1
Co 0.3 - 0.93 0.2
Cs 0.05 - - 0.05
Ga 0.87 1 - 0.75
Ge 0.17 - - 0.2
Tl 0.38 - - 0.15
Hf 0.10 - 5.6 0.38
In 0.005 - - 0.05
Mo 1.86 - - 1.56
Nb 0.80 1 - 0.42
Ni 4.10 1 4 15
Rb 0.60 2 - 0.5
Sb 0.09 - - 0.9
Sn 0.20 - - 0.25
Ta 0.07 — 4.3 0.02
v 3 4.7 - 3
W 0.2 - - 2.18
Zr 2.6 6.2 10 15.5
Y 53.2 144 - 39.6
La 46.3 86 100 24.51
Ce 74.4 - 200 33.54
Sc 0.2 - - 0.2
Th 0.74 - 43 0.75
U 1.6 8.3 343 2.63

Note: El Taher et al,, 2007; "Renteria-Villalobos et al., 2010; °Da Conceigdo and Bonotto, 2006;
dPresent study

The concentration of REE is very significant ppm: Nd 19.35 ppm; Sm 3.72 ppm; Eu 0.95 ppm;
and as shown in Table 5, ranges from 0.16 ppm to Gd 3.78 ppm; Tb 0.59 ppm; Dy 3.54 ppm; Ho 0.74
129.00 ppm or a mean value of 7.1 ppm. The con- ppm; Er 2.11 ppm; Tm 0.26 ppm; Yb 1.45 ppm; Lu
centration of the mean values of individual rare 0.19 ppm).
earth is: (La 24.51 ppm; Ce 33.54 ppm; Pr 4.72
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Table 5

Concentration of REE (ppm) in phosphorus gypsum
from the HIV Veles dupm (FUS-ICP-MS)

Elements Average Median Min Max SD
La 24.51 18.70 11.90 59.30 13.51
Ce 33.54 17.10 10.80 129.00 35.17
Pr 472 2.98 2.01 15.40 3.86
Nd 19.35 12.50 8.73 61.00 15.60
Sm 3.72 2.57 1.75 11.40 291
Eu 0.95 0.66 0.40 2.78 0.67
Gd 3.78 2.90 2.08 10.20 2.39
Tb 0.59 0.47 0.32 1.50 0.34
Dy 3.54 2.87 1.98 8.19 1.84
Ho 0.74 0.63 0.44 1.56 0.32
Er 2.11 1.86 1.28 4.03 0.74
Tm 0.26 0.24 0.17 0.47 0.08
Yb 1.45 1.35 1.05 2.23 0.30
Lu 0.19 0.19 0.16 0.24 0.02

The established concentrations of elements
from the REE group show significant quantities that
can have an economic importance.

Therefore, in further research, it is necessary to
investigate this phosphogypsum dump in detail us-
ing deep drilling methods and collecting a larger
number of samples for a more detailed determi-

1000

nation of the contents of the elements from the REE
group. The distribution of the REE (Figures 3
and 4) shows many similarities with the distri-
bution of rare elements in phosphorus rocks of
sedimentary character, with expressed negative
anomalies of Eu (Trape, J., 1967).
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Fig. 3. Plot diagram of REE in phosphorus gypsum
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Mineralogical characterization It is interesting to mention the percentage re-
i i ? . presentation of quartz, ranging from 2.4% to 9.5%.
The testing of the mlneraloglcal composition The mineralogical composition tests performed
of the phosphogypsum using the XRD method (Ta- using the SEM-EDS technique show the presence of
ble 6) shows 'that the main mineral phases are: gyp- the following mineral phases (Table 7): Ca-
sum, bassanite, anhydnte‘ and quartz, with jche sulphate, Ba-sulphate, Sr-sulphate, quartz, mica,
percentage of gypsum being the largest ranging zircon, fluorite, Fe, Ti-oxide and Fe-hydroxide.
from 74.5% to 96.9%.
Table 6

Mineral abundances (wt %) in phosphorus gypsum from the HIV Veles dump

No. Gypsum Bassanite Anhydrite  Quartz No. Gypsum Bassanite Anhydrite Quartz
XRD | AR TR 8.5 XRD11 905  nd  nd 95
XRD 2 97.6 n.d. n.d. 24 XRD12  93.0 n.d. n.d. 7.0
XRD 3 74.5 16.6 3.0 6.0 XRD 13 94.2 n.d. n.d. 5.8
XRD 4 92.6 n.d. n.d. 7.4 XRD 14 92.0 n.d. n.d. 8.0
XRD 5 91.2 3.3 n.d. 54D XRD 15 90.5 n.d. n.d. 9.5
XRD 6 96.9 n.d. n.d. 3.1 XRD 16 91.6 n.d. n.d. 8.4
XRD 7 93.7 n.d. n.d. 6.3 XRD 17 95.9 n.d. n.d. 4.1
XRD 8 95.9 n.d. n.d. 4.1 XRD 18 94.8 n.d. n.d. 52
XRD 9 933 n.d. n.d. 6.7 XRD 19 95.1 n.d. n.d. 4.9
XRD 10 90.5 n.d. n.d. 95 XRD 20 93.6 n.d. n.d. 6.4

Note: n.d. = not detected
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Table 7
SEM-EDS investigations of the phosphorus gypsum from the HIV Veles dump

Mineral/Phase SEM-EDS 1 SEM-EDS 2 SEM-EDS 3 SEM-EDS 4 SEM-EDS 5

Sulphate Ca-sulphate Major Major Major Major Major
Ba-sulphate Trace Trace Trace Trace Trace
Sr-sulphate n.d. n.d. n.d. n.d. Trace

Silicate Quartz Minor Major Major Major Major
Mica n.d. Trace n.d. n.d. n.d.
Zircon n.d. n.d. n.d. Trace n.d.

Other CaF2— Fluorite Trace Minor Minor Minor Trace
Fe, Ti-oxide n.d. Trace n.d. n.d. n.d.
Fe-hydroxide Trace n.d. n.d. n.d. n.d.

The morphological forms of the present min- using the SEM-ED technique. The three sulphate
eral phases are shown in Figure 5. The chemical phases could, tentatively, be considered as altered
compositions of the mineral phases of Ca-sulphate gypsum (anhydrite), altered barite and altered celes-
(Figure 6), Ba-sulphate (Figure 7), Sr-sulphate tine. The "CaF," entry includes both the amorphous
(Figure 8) and fluorite (Figure 9) are determined and crystalline.

SEMEDS 1

EMEDS 4

018 | det | mode spot|mag | ~————— 100 pm 2018 | det [mode| WD [spot|mag O
7 PM | BSED |Z Cont 130 mm! 6.0 | 1 000 x 27 PM|BSED |Z Cont 13.0 mm| 6.0 | 500 x

Fig. 5. SEM-EDS observations of phosphorus gypsum
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Fig. 6. SEM-EDS composition of Ca-sulphate

350

300

250

200y

150 BT =

100

S0

e

Fig. 7. SEM-EDS chemical composition of Ba-sulphate
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Fig. 9. SEM-EDS compostion of CaF: crystals
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Radiological investigations

Table 8 shows the results of the measured ac-
tivities in the five samples together with the basic
descriptive statistics.

Table 8

Results of the measurements and the basic
descriptive statistics of the five phosphogypsum

samples (Bq/kg)

Total o Total B “°K  232Th 2¥U 22°Ra
1 1090 1610 300 200
2 980 1740 400 300
3 980 1980 400 400
4 820 1380 300 200
5 880 1760 400 300
Arithmetic mean 950 1694 <1000 <10 360 280
Minimum 820 1380 300 200
Maximum 1090 1980 400 400
Standard deviation 104 220 55 84

Variation coefficient 11% 13% 15% 30%

2000

1500

1000

500

Specific activity (Ba'kg)

0 ]

Gross alpha

The results indicate that the total alpha and
beta activities were measured in all samples and that
they mainly derived from isotopes from the array
28, The specific activities of the K and #*?Th ar-
ray isotopes were below detection level.The varia-
tions between the total alpha and beta activities, as
well as 2%U activities in the five samples are in the
range of 11% to 15% and are lower in relation to the
variations of ?*’Ra at 30%.

Values of measured specific activities higher
than natural ones were provable by comparing them
with the results published in previous studies con-
ducted in the Republic of N. Macedonia.The mean
values of the measured total alpha and beta specific
activities in the phosphogypsum were higher in rela-
tion to the corresponding mean activities published
for soils sampled in the vicinity of Veles (Dimovska
et al., 2010) (Figure 10).The activities of 28U were
higher than the values obtained for soils in Veles
(Dimovska et al., 2010) and higher than the average
values for the whole of N. Macedonia (Stojanovska,
2010) (Figure 10).

Gross beta

B Phosphogypsum ® Soil Veles

00 360
50
00
50
00
50
00
50

Specific activity of 22U {Bajka)

Phosphogypsum

41
28
Soil Veles Soil Macedonia

Fig. 10. Comparison of the results of specific activities in phosphogypsum and soils from the Republic of North Macedonia
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A number of studies are found in the literature,
in which the content of radionuclides in the phos-
phogypsum and its application have been studied.
Mainly, as in this study, the specific activities of
22Th and “°K are lower than the radionuclide values
from the **U array. On the other hand, the pub-
lished activities of ?*Ra are generally higher than
28U, which is not the case in our study. Figure 10
shows the values of the specific activities of >Ra in
the phosphogypsum of some earths compared to the
average value of ?*Ra in this study.The values of
22Ra in phosphogypsum from Egypt (Khalifa and

El-Arabi, 2005), Croatia (Bituh et al., 2009), Jordan
(Zielinski et al., 2011), Slovenia (Kobal et al.,
1990), Spain (Lopez-Coto et al., 2014), Greece
(Papageorgiou et al., 2016) and Serbia (Rajkovi¢
and Toskovi¢, 2002) are higher compared to the
results of this study.

In accordance with the data from the literature
(e.g. Campos et al., 2017; Mesi¢ et al., 2016;
Rashad, 2017; Saadaoui et al., 2017), further use of
phosphogypsum in construction and agriculture is
not excluded.

CONCLUSION

The detailed investigations of the chemical,
geochemical, mineralogical and radiological com-
position of the phosphogypsum from the HIV Veles
dump show that it is a chemically, geochemically,
mineralogically and radiologically uniform mate-
rial. The mineral composition is simple and domi-
nated by gypsum and there is very little presence of
accessory minerals (quartz, Ba-sulphate, Sr-sulpha-
te, fluorite, zircon, mica).

The high representation of REE, often reach-
ing 300 ppm, points to the fact that this material is a
serious raw material with a high proportion of
elements from the REE group and that it is an
economically interesting raw material.

Based on radiological testing, the following
conclusions can be made:

— The total alpha and beta specific activities in
the dump are higher compared to their values in
soils from Veles and the surrounding area.

— The specific activities of “K, as well as of
the radioisotopes of the 32Th array were below the
detection level. The presence of 2*¥U and *°Ra with
activities higher than the activities in soils has been
identified.

— The arithmetic mean value of the specific ac-
tivity of 22°Ra in this study is lower in relation to the
values published in studies conducted in other coun-
tries.
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Peszume

KAPAKTEPM3AIINJA HA ®OCO®OPHUOT I'IIC OZf AETIOHUJATA HA ®ABPUKATA
3A ITPOM3BOACTBO HA BEIITAUYKHU I'YEPUBA BO BEJIEC (CEBEPHA MAKEJIOHHMJA)
N BJIMJAHUE BP3 JKUBOTHATA CPEJIHHA

Murtko Janues!, Hean Boes!, 3nenka Crojanorcka’®, Biaxo Boes!

! Daxynitieiti 3a ipupoOnu u wexHuyku nayku, Yuueepsuiteii ,, I'oye Jenues” 6o L,
Byn. Kpciie Mucupxos, 10-4, n. gpax 210, 2000 Lizui, Ceeepna Makedonuja
’@axyninieii 30 meuyuncku nayku, Yuueepsuitein ,, I'oye JJenues 6o LLliuil,

Byn. Kpcie Mucupkos, 10-A, I1. gpax 210, 2000 ILLlnui, Cesepna Makedonuja

Knyunu 360poBu: hocdopen rumc; Bemrauky ryopusa; MUHEpaIomky; anda 1 Oera crenudyIHa aKTUBHOCT

PaboTaTa Ha abpukara 3a IPOU3BOACTBO HA BEIITAYKU
fy6puBa Bo oxonmHara Ha Benec (Pemy6nuxa CeBepra Maxe-
JIOHH]ja) pe3yATHpale CO OCTATOK O OKOJY 3.4 MUIMOHH TOHH
docdopen runc nemoHupaH Ha NENOHM]jaTa BO HENOCpEIHA
6mu3mHa Ha (abpukara Bo mepuozot of 1980 mo 2003 roxunxa.
Jocera He e W3BpIlIeHa peMenujalyja Ha JenoHujaTa Ha doc-
topen runc. Bo 0BOj Tpyx ce mpUKakaHHU pe3yaTaTure Kobue-
HH OJ] peIPEe3eHTaTHBHY IIPUMEPOIIH 3€MEHHM O JICTIOHHjaTa co
mpuMeHa Ha Meroxute: anamutwaku Meroxu (ICP-MS, FUS-
ICP-MS), MuHepalOmIKM METONH, PeHAreHcKa audpakmja

(powder-XRD), enekrpoHcka Mukpockomuja (SEM-EDS),
Kako M CIIEKTPOMETpHja CO Y-3palll CO BHCOKAa PE30NIynuja.
TIpumepouure coapxar kpucraner rumc (Ca-cyndar), Fe-xun-
poxcun, Ba-cyndar, Ca-¢iyopur, Si-OKCHXUIPOKCHI U LHP-
koH. Bxymnarta anda crenuduyna akTuBHOCT ce ABKU o 820
Bg/kg mo 1090 Bg/kg, co mpocedna BpeaHocT ox 950 + 104
Bg/kg, a cnemu¢manaTa Gera akTUBHOCT € BO HHTEPBAIOT OX
1380 Bq/kg mo 1980 Bg/kg, co mpoceuna BpeaHocT ox 1694 +
220 Bg/kg..

Geologica Macedonica, 33,2, 111-124 (2019)
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EVALUATION OF RADIOACTIVITY IN THE PHOSPHOGYPSUM
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Abstract:The production of phosphoric acid from natural phosphate ore generates an
industrial waste product named phosphogypsum. Phosphogypsum contains considerable
amounts of natural radionuclides from the 233U chain, originating from the ore but enriched
during the technological process. In order to perform radiological characterization of the
“HIV” (Chemical Industry Veles) phosphogypsum stockpile, five phosphogypsum samples
were collected and analyzed. The mean values of gross alpha and beta specific activities +
standard deviation values were: (950+£104) Bqg/kg and (1694+220) Bq/kg, respectively.
Further analysis showed increased gross activities of radionuclides of the 2*U chain, while
the radionuclides of the 2*?Th chain and “’K were below the detection limit. The mean values
of the specific activities of 2**U and ?*Ra were (360+55) Bg/kg and (280+84) Bg/kg,
respectively. The estimated annual outdoor effective dose, at 1m received by adults was 0.25
mSv/y, which is below a dose limit of 1 mSv/y for members of general public. The results
obtained in this study show that radionuclides, although present in relatively high
concentrations in the phosphogypsum pile, do not imply an increased external radiation risk
for members of the population. The possible use of phosphogypsum in civil construction and
agriculture may not be excluded if conditions of prior good planning taking into account the

radionuclides activities exist.

Keywords: Phosphogypsum, Radioactivity, 228U chain.

1. INTRODUCTION

The population of the FEarth is constantly
exposed to various types of ionizing radiation. By
origin, the sources of ionizing radiation are divided
into natural and artificial. Exposure to artificial
sources is a result of their application in: medicine
(diagnostics and therapy), industry, or from
radionuclides present in the environment as a result
of nuclear tests and the Chernobyl nuclear disaster in
the previous century. Based on a number of studies, it
was proven that the largest contribution to the total
exposure of the population comes from nature.
Cosmic and terrestrial radiation belong to the group
of natural sources. The dose that a person receives
during one year of outdoor cosmic radiation is
generally constant for a given space (depending on
altitude) and is much lower compared to the dose
originating from terrestrial radioactivity [1].

The radioactive isotopes of the 2**U and #*?Th
chains, as well as “°K, present in all terrestrial

* Corresponding author: mitko@kozufcanka.com.mk

materials are the major sources of human exposure.
By their origin, they are defined as naturally
occurring radioactive materials: NORM. In the case
where naturally occurring radioactive material is
subjected to a technological process in which
radioactive isotope interference occurs, it is
categorized as technologically enhanced naturally
occurring radioactive material: TENORM. The
contents of radionuclides in soil and rock (NORM)
vary depending on their origin (geology), while their
contents in TENORM depend on both the geological
origin and the technological process itself.
Phosphogypsum is a waste product in the
fertilizer industry, generated in the process of
producing phosphoric acid from the phosphate ore
[2,3]. It contains natural radionuclides from the 238U
and #*’Th chains as well as “’K originating from the
phosphorous ore but with a disrupted ratio due to the
technological process itself [4]. The deposited
phosphogypsum, characterized by increased
radionuclide concentrations of the 2**U chain, causes
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environmental contamination: soil, water and
atmosphere [5]. For these reasons, among others, it is
necessary to also make a radiation characterization of
landfills, i.e. to assess the possible adverse effects on
the environment and on people directly [6,3].
Accordingly, the idea appeared to make a
radiation  characterization of the deposited
phosphogypsum from the “HIV” (Chemical Industry
Veles) factory, situated in the central part of Republic

Google

2. MATERIAL AND METHODS

Five phosphogypsum samples were collected
at a depth of 50 cm from the pile (Figure 2) and sent
to “Activation laboratories” in Canada for analysis.

After the standard samples preparation, the
radionuclides content was measured in them. The

of North Macedonia. During its operation, from 1979
to 2003, 3.7x10° t gypsum on 70x10° m? (=53 t/ m?)
were deposited 1.5 km southwest of the factory
complex near the village of Zgropolci (Figure 1). This
paper presents the measured results of the TENOM
radionuclides specific activities in phosphogypsum
sampled from the stockpile and external risk
assessment.

JIC3BHIN2 1 H1EA4E

Figure 1. Position of the stockpile

measurements of: gross alpha and beta activities, “°K
as well as the radionuclides from the 2**U and **Th
chains were done. The results were expressed as
specific activities (activity per unit dry mass) in
Bqg/kg.
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3. RESULTS

Table 1 shows the results of the measured
specific activities in the five samples as well the basic
descriptive statistics is in the Table 2.

The results indicate that gross alpha and beta
activities were measured in all samples and that they

mainly originate from the isotopes of the 233U chain.
Specific “’K activities and the isotopes of the %2Th
chain were below the detection level. Variations
between the gross alpha and beta activities, as well as
the activities of 2*®U in the five samples ranged from
11% to 15% and were lower compared to the 2R
variations of 30%.

Table 1. Measured specific activities in 5 phosphogypsum samples from the “HIV” stockpile

Gross o Gross B WK Z2Th e ) ZRa
Sample number (Bg/kg) (Bg/kg) (Bg/kg) (Bq/kg) (Bg/kg) (Bg/kg)
1 1090 1610 <1000 <10 300 200
2 980 1740 <1000 <10 400 300
3 980 1980 <1000 <10 400 400
4 820 1380 <1000 <10 300 200
5 880 1760 <1000 <10 400 300
Table 2. Basic descriptive statistics of the specific radioactivity in the samples

Gross o Gross 28y 22%6Ra

(Ba/kg) (Ba/kg) (Ba/kg) (Bg/kg)
Arithmetic mean 950 1694 360 280
Minimum 820 1380 300 200
Maximum 1090 1980 400 400
Standard deviation 104 220 55 84
Coefficient of variation 11% 13% 15% 30%

Higher values of the measured specific
activities than the natural ones were substantiated by
comparing them with the results published by the
previous studies in the Republic of North Macedonia.
The mean values of the measured gross alpha and beta
specific activities in the phosphogypsum are higher

than the corresponding mean activities published for
soils sampled in the vicinity of Veles [7] (Figure 3a).
The activities of 2*®U are higher than the values
obtained for the soils in Veles [7] and higher than the
average values for all of Macedonia[8], (Figure 3b).
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Figure 3a. Comparison between gross alpha

and beta specific activities in the

phosphogypsum and soil of Veles [7]

Phosphogypsum-Veles Soil-Veles Soil-North Macedonia

Figure 3b. Comparison between 238U specific activities in the

phosphogypsum and soil of Veles [7] and soil in North Macedonia
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There are a number of studies in literature that
examined the content of radionuclides in
phosphogypsum as well as its application. Overall, as
in this study, the specific activities of %*Th and “K
are lower than the values of 2**U chain radionuclides.
On the other hand, the published activities of *°Ra are
generally higher than those of 238U, which is not the
case in our study. Figure 4 shows the values of
specific activities of **Ra in the phosphogypsum

900
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40
30

Specific activity of 226Ra (Bq/kg)
é § S (=]

)

Egypt Croatia Jordan

Slovenia

from some countries compared to the average value
of ?%Ra in this study. The values of ?*Ra in the
phosphogypsum from Egypt [9], Croatia [10], Jordan
[11], Slovenia [12], Spain [13], Greece [3], Serbia
[14]are higher compared to the results of this study.

In accordance with the data in literature (for
example references: [15-16], further application of
the phosphogypsum in construction and agriculture is
not excluded.

Serbia North

Macedonia

Spain Greece

Figure 4. Comparison of the results of specific activities of **°Ra in phosphogypsum from North Macedonia
with results published by other countries

The estimation of the annual effective dose for
individuals of the population was based on the
UNSCEAR methodology [13].The dose rate D
(Gy/h) at a height of 1 m is first estimated based on
the specific activities of “°K, #**Th, and ?*®U, using the
following equation:

D = 0,462(%8U)+0,604(3*Th)+0,0417(*K), (1)

where for 238U the arithmetic mean of all samples was
used, and for “°K and #*?Th the corresponding limits
of detection were considered.

The obtained value for D (Gy/h) was then used
to estimate the annual effective dose Dg (Sv/y)[1],
according to the equation:

Dz=D-0,7-8760-0,2 ©)

where: 0.7 (Sv/Gy) is the conversion factor,
1 y=8760h and 0.2 is the outdoor occupancy factor.

Accordingly, the estimated annual effective
dose to be received by individuals from the
population staying at the stockpile 0.2 of time during
one year is 0.25 mSv/y.

Although the estimate was based on the worst-
case scenario, the estimated Dg is still lower than the
dose limit of 1 mSv/y for individuals from the
population.

4. CONCLUSION

In this study, based on the measurement of
specific activities of the radionuclides in the samples
of phosphogypsum, sampled from the HIV Veles
stockpile, the following results were obtained:

e The gross alpha and beta specific activities in
the stockpile are higher than their values in the soils
from Veles and the surrounding area;

e The specific activities of %K and
radionuclides of the 22Th chain were below the
detection level. The presence of 2**U and ??°Ra with
activities higher than the soil activities has been
identified;

e The arithmetic mean value of the specific
activity of ?Ra in this study is lower than the values
reported in such studies conducted in other countries;

» Based on the estimated dose made under the
worst-case scenario, no increased external radiation
risk from the stockpile has been identified for
individuals from the population.

Further research on the effects of the stockpile
on the environment is recommended. On the basis of
a large number of scientific studies published in
relevant literature, the application of phosphogypsum
in construction and in agriculture is possible.
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FOMR

OLIEHA PAJTMOAKTUBHOCTHU V CTOI'Y ®OCOOI'MIICA “XUB” BEJIEC,
PEITYBJIMKA CEBEPHA MAKEJIOHUJA

Casxerak: [Ipom3BoamoM hochopHe KuceTuHe U3 npuponHe dochaTHe pyze cTBapa
Ce MHIYCTPUjCKA OTIAJHU IPOM3BOA HazBaH (ocdorumc. Docdorumnc campku 3HaTHE
KONMYMHE PUPOJHKX pafuoHyKIm/a u3 nanna >*¥U, koju motuay u3 pyze, anu ce oborahyjy
TOKOM TeXHOJOmKOr mporeca. Jla Om ce W3BpmMIA PaJMONOIIKAa KapaKTepH3aluja
dochorunca, “XUB”, (xeMmujcke HHAyCTpuje Benec), aHanm3upaHo je IET y30paka
doctorunca. Cpenme BpeqHOCTH - yKymHe anda m Oera crenupuUIHE aKTUBHOCTH +
BPEIHOCTH CTaHaapaHe AeBujanmje 6ume cy: (950 + 104) Bg/kg u (1694 = 220) Bq/kg,
pecrektyBHO. [ajba aHamM3a paJdoOHYKIN/IA [I0Ka3ala je a moBehaHe yKyIHe aKTUBHOCTH
IOTHYY O paJMOHYKTiAa U3 nanna 238U, nok cy pammonykmuay nanua 22Tk u /K ucmox
rpanune nerexnuje. Cpenme BpeAHOCTH crienuduaamnx aktuBHOCTH 0 238U 1 22°Ra 6ue cy
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(360 + 55) Bq/kg u (280 + 84) Bq/kg, pecrekTurHo. IIponemena ronumika epeKkTHBHA 1032
Ha OoTBOpeHOM, Ha 1 m, 3a ofpacie, 6ma je 0,25 mSv/y, mTo je UCHoA OrpaHUIEHa 03¢ O/
1 mSv/y 3a nmojemurme. Pesynraru 1o6HjeHH OBOM CTYIMjOM TIOKa3yjy Aa PafgHOHYKIMH,
Mako TPUCYTHH y PENAaTHBHO BHCOKMM KOHIEHTpamujamMa y (oCOruncHoM cCTory, He
yBehaBajy pajujalioHy PU3UK Off EKCTEPHOT 3payera 3a Ioje/IHIe Tomynamyje. Moryha
ymotpe6a docorunca y rpaeBUHapCTBy M TOJbOTIPHBPEAM HHUje MCK/bYYEHa, CaMo y
yCIOBMMA MPETXOHOT JOOPOT IaHNpamka y3uMajyhu y 063Up aKTHBHOCTH PaJMOHYKIM/A.
Kbyune peun: pocdorumc, paguoakTuBHoCT, nanar ~*U.
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RADON FOOTPRINT FROM THE PHOSPHOGYPSUM WASTE STACK NEAR
ZGRPOLCI LOCALITY, VELES, REPUBLIC NORTH MACEDONIA
Mitko Jancev!, Ivan Boev!

'Faculty of Natural and Technical Sciences, “Goce Delcev” University in Stip, Blvd. Krste Misirkov 10-A,
P.O, Box 210, 2000 Stip, North Macedonia
mitko.31315@ugd.edu.mk, ivan.boevi@ugd.edu.mk

Abstract. Five locations and five samples of materials from the phosphogypsum waste stack near
Zgrpolei locality, in the vicinity of the city of Veles, were checked for their radon concentrations in air and
phosphogypsum radon exhalation rate. The accumulation method using AlphaGUARD DF2000 device was used
for specific exhalation rate determinations as well as for radon concentrations in air. The activity concentrations
of ??Rn at 5 different sampling locations of the anthropogenically introduced phosphogypsym waste stack near
the Zgrpolci locality ranged from 21.02 up to 142.20 Bq kg, The ?*?Rn exhalation rates from these materials
(from the same 5 locations) were in the range of 592.27-897.99 mBq m? h'! .

Key words: radon, air, phosphogypsum waste.

KAPAKTEPUCTHUKH HA PAJIOHOT O/ @OCOPUT'UIICHHOT OTIIAJL
BO BJIM3HUHA HA JIOKAJIMTETOT 3I'PIIOJIIIHA, BEJIEC,
PEIIYBJIHUKA CEBEPHA MAKEJIOHHJA
Murko Janues!, HBan Boes!

!akynTeT 3a MPHPOIHI I TEXHIMKN Haykil, YHusepantet ,,I'oue Jemes”, Itin
mitko.31315@ugd.edu.mk, ivan.boev@ugd.edu.mk

Ancrpakr. IleT jokaimI i1 [eT IPIMepoLIl Ha MaTepIIjaill O jaJOBIIITETO cO GocdOriIceH 0THal BO
Oii3iHa Ha MecHOCTa 3rpIosi, Bo OmsiHa Ha rpajnot Benec, Gea mpoBepeHI 3a HIBHAaTa KOHIEHTpalulja Ha
paloH BO BO3AYXOT II CTallkaTa Ha ecXajamifja Ha pagoH oA ¢ocdorimcor. MeToaoT Ha akymymnamija co
ynotpeda Ha ypenoT AlphaGUARD DF2000 ce kopiicTenie 2a creligIraHI opeadIl Ha OIICeToT Ha ecXalalliil
Ha pajoH oi dopcdorumncor, Kako H 3a KOHUEHTpAlMITe Ha paaoH Bo Bo3ayxoT. KoHneHrtpammnre Ha
akTHBHOCT Ha >’Rn Ha 5 pasmIdHI MecTa Ha oNnpoOyBame Ha INPHMEPOLN BO AHTPOIOIeHO CO3AaJ€HOTO
janoBumTe Ha ¢ocdorunc Bo 6m3NHA Ha MecHOocTa 3rpmoaun ce aBipkea ox 21,02 mo 142,20 Bq kg*.
Crankure Ha ecxajatutja Ha 22?Rn ox oBne mMatepijanu (ox netire 5 nokau) 6ea Bo orncer ox 592,27-897,99
mBqm~ h',

Kayunn 300poBH: pajoH, BO3ayX, GocdorumnceH ornai.

1. Introduction

Radioactive elements in nature are present in a wide range of concentrations in all rocks, soils
and waters. The presence and distribution of radionuclides in the air is primarily a matter of local
geology and chemical composition of rocks and water. Among the heavy radioactive elements, the
most common are 23U and #**Th, which produce other radioactive isotopes, such as radium and radon.
Radon (**Rn) and thoron (**°Rn) are radioactive gases emanating from geological materials.
Inhalation of these gases is closely related to an increase in the probability of lung cancer if the levels
are high. Although in our environment people and institutions are still not sufficiently aware of the
health problems that radon gas can cause, this does not reduce the need for its monitoring in water, air
and soils. Radon has a half-life of 3.8 days, while thoron has a half-life of 55.6 seconds, which means
that in this time period, on average, one half of the given amount of radon/thoron atoms will
decompose. Nevertheless, despite thoron indoor concentration is generally lower than for the radon,
the 2?Pb thoron progeny (half-life of 10.6 h) can accumulate to significant levels in breathable air,
aggravating its inhalation risk (World Health Organization, 2009). Some studies (Doi et al., 1994;
Mili¢ et al., 2010; De With and De Jong, 2011; Kudo et al., 2015) have demonstrated that thoron
concentrations can be comparable to radon and its progeny in some areas of elevated radiological risk.
Radon and thoron are significant contributors to the average dose from natural background sources of
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radiation. They represent approximately half of the estimated dose from exposure to all natural
sources of ionizing radiation (United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR), 2008). Inhalation of these radioactive gases and their decay products can
cause health risks, especially in poorly ventilated areas. Long-term exposure to high levels of
radon/thoron in home and working area increases risk of developing lung cancer (World Health
Organization, 1988; Brenner, 1994). Radon is the second leading cause of increase of the probability
of lung cancer after tobacco smoke (World Health Organization, 2009).

Phosphogypsum, a waste by-product derived from the wet process production of phosphoric
acid, represents a serious problem facing the worldwide phosphate industry. Phosphogypsum can be
classified as a Naturally Occurring Radioactive ~ Material (NORM)  residue of the
phosphate fertilizer industry. It may therefore contribute to the presence of radon in the environment
away from the phosphogypsum landfill. There is no radon concentration factor around
phosphogypsum deposits. Diffusion and convection (wind) usually remove any large accumulation /
concentration of radon near phosphogypsum landfills (FDHBRC and EPCHCAMD, 2011).

In some previous work, were studied Zgrpolci phosphogypsum mean values of gross alpha and
beta specific activities and their standard deviation values (950+104) Bg/kg and (1694+220) Bq/kg,
respectively (Jancev et al., 2019; Jancev et al., 2020), as well as the mean values of the specific
activities of 238U and 22°Ra were (360+55) Bq/kg and (280+84) Bq/kg, respectively. Also, estimated
annual outdoor effective dose, at 1m received by adults was calculated at 0.25 mSv/y, which is below
a dose limit of 1 mSv/y for members of general public (Jancev et al., 2020). If we take into account
the fact that radon is the second leading cause of lung cancer worldwide after active smoking, as well
as a common cause of gastric cancer, which somehow imposed the need to record the current state of
radon in the air in the area of the landfill for phosphogypes near Zgrpolci. Such a need is indicated by
the fact that radon belongs to the group of inert gases, which means that it is very difficult to
chemically communicate with other elements, and above all it is a radioactive gas, which makes it a
factor that has a detrimental effect on public health. In the context of the above, the main objectives of
these measurements are emphasized, which refer to the provision / analysis of radon concentrations in
the ambient air of the phosphogypum landfill near Zgrpolci.

2. Materials and methods

The measurement of radon concentrations (**Rn) in the air at the phosphogypsum landfill,
Zgrpolci was performed at 5 locations that cover the total area (~ 28545 m2), and they are positioned
in a so-called zigzag layout (Figure 1).

Y

Fig. 1. Sampling locations of radon cnéentratins in the air and radon exhalationfrom the locality of
phosphogypsum landfill, Zgrpolci
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The analysis of radon concentrations in the air was performed at a height of 0.5 m from the
ground (deposited material) using the AlphaGUARD DF2000 professional radon monitor for multi-
parametric analysis with gas impermeable chamber for pulsating ionization (0, 6 1).

The radon measurement range was from min 2 to max 2 000 000 Bq / m? 2?Rn. Radon sensitivity
is: 1 cpm at 20 Bq / m® (0.5 pCi / 1). Sensitivity for radon determination in relation to toron: radon
minimum | cpm at 60 Bq / m? (1.6 pCi / 1); thoron (1 1/ min) minimum 1 cpm at 200 Bq / m? (5.5 pCi
/1) and thoron (2 1/ min) minimum 1 cpm at 140 Bq/m? (3.8 pCi/ ).

Also, five samples from the phosphgypsum waste stack, have been collected for the necessities
of exhalation measurements. These samples were collected from the exact points where the radon in
the air concentration measurements took place. The mass of each sample labeled as samples 1, 2, 3
and 5 was 1 kg while the sample 4 had a mass of 2 kg. Figure 1 shows the spatial location of sampled
materials. The aforementioned materials were classified as materials incorporating residues from
industries processing naturally-occurring radioactive material (phosphogypsum) in accordance to
directives by the European Parliament (2014). Sample preparation consisted of hand crushing and
drying of sampled materials for 48 h at 105°C, prior to proceeding with their exhalation
measurements. Among the methods to measure exhalation rate of radon and thoron isotopes in
different materials such as passive methods, that use solid-state nuclear track detector and
accumulation chamber methods and active methods with radon/thoron monitors, we used the later
one. The method is schematized in Fig. 2.

>
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Fig. 2. AlphaGUARD operating outside the Radon-Box in flow-through mode

Accumulation method technique consisted of attaching the Radon Box to the phosphogypsum
surface with its opening. The edges of the opening were sealed by duct tape to avoid exchange of the
medium to be measured with the surrounding atmosphere. The AlphaGUARD monitor placed outside
the Radon Box was connected in a closed loop with the container and its internal AlphaPUMP allows
continuous measurement of the radon and thoron concentration within the box. Exhalation is the
amount of radon/thoron as obtained from a given layer (geological material on the surface/surface
exposure) mainly the outer thinner part of the crust and it is given in Bq h™, according to the
Netherlands Standardization Institute (Netherlands Standardization Institute, 2001). Exhalation can be
related to the mass of the samples (massic radon/thoron exhalation, and its value is expressed Bq kg™!
h™!) as well as to areal exhalation related to the area of exhalation expressed as Bq m™ h™ (Miro et al.,
2014; Hassan et al., 201 1; Frutos-Puerto et al., 2018).

3. Results of concentration measurements of radon in the air and radon/thoron exhalation
measurements

Measurements of radon concentrations in ambient air in the area of interest, as already
mentioned, were followed by detection of alpha particles in the ionization chamber during air flow /
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circulation in the system. The results of the measurements of the radon concentration (in Bq - m?) in
the air during the measurements are given in Table 1.

Table 1. Measurements of the concentration of radon in the ambient air in the space of the phosphogypsum
landfill in the locality Zgrpolci (Bq ¢ m?)

Measurement Rn?* Air pressure | Temperature

time (Bq-m™) | Mbar (mbar) °C)
Loc 1 (1)3222020 21,77 985.37 25,76
Loc 1 (1)322'32020 21,92 985,35 25.82
Loc | (1)32252020 22,36 985,26 26,10
Loc 1 (1)3292020 21,51 985,25 26,19
Loc 1 (1)22362 . 143.20 985,22 26,27
il i | OEge 51.50 985,23 26,41
Loc 2 (1)25382020 21.94 985,56 27,09
Loc 2 (1)2392020 21.94 985,56 27,27
Loc 2 (1)2?02 i 50,78 985,52 27.46
Loc 2 ég;?ézozo 52,35 985,54 2791
Loc 2 (1)2;?;,'2020 51,69 985,58 28.05
Loc 2 (1)23?'52020 4911 985.55 28,19
b e 21.55 985.58 28.31
Loc 2 (1)22?'82020 51,56 985.63 28,59
Loc 2 é§§§zi)2020 51,65 985,68 28.93
Loc 3 (1)22(25'52020 21,02 986,54 29.60
Loc 3 é§§g$020 21,97 986,62 29,85
Ly | 862020 505 | os66 002
tocs  |oesa™® | m2as | eses | 3050
Loc 3 égzgézozo 22,26 986.68 30,66
Loc 3 (1)252'52020 52,93 986,72 30.88
Loc 3 (1)22262020 22,05 986,73 30,97
oo [AR6200 ] spgy | oares o
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18.6.2020 7
Loc 4 08:42 21,64 987.03 31,37
18.6.2020
)
Loc 4 08:43 21.67 987.01 31,49
18.6.2020
5
Loc 4 08:44 21,70 987,01 31.59
18.6.2020
Loc 4 08:45 90,71 986,98 31.68
18.6.2020
2 7
Loc 4 08:48 21.85 987.00 32,00
18.6.2020
2
Loc 4 08:51 52,51 986.95 32.30
18.6.2020 :
Loc 4 08:52 51.80 986.93 32,41
18.6.2020
279
Loc 5§ 08:57 22.34 987.71 32.53
18.6.2020
2 9
Loc 5 08:58 52,74 987.68 32,54
18.6.2020
2 ‘ .
Loc 5 09:00 21.40 987.67 32,63
18.6.2020
29 )
Loc 5 09:03 22,37 987,67 32.90
18.6.2020
= 5
Loc S 09:06 21,73 987.64 33,21
18.6.2020
- 2
Loc 5 09:07 53,19 987,67 33.29
18.6.2020
22
Loc 5 09:08 22,14 987,62 3341
18.6.2020
22 9
Loc 5 09:09 22.10 987,63 33,52
Loc 1-5
stat Min 21,02 985,22 25.76
Loc 1-5
stat Max 143,20 987,71 33,52
Loc 1-5
stat Average 37,10 986.47 29.97
Loc 1-5
stat Median 22.30 986,68 30.58

As can be seen from Table 1 above, the range of radon concentrations ranged from 21.51 to
143.20 Bq » m? (mean 47.04 Bq * m™) at location 1, from 21.55 to 52.35 Bq * m™ ( mean value 41.40
Bq + m?) at location 2, from 21.02 to 52.93 Bq « m (mean value 26.36 Bq « m?) at location 3, from
21.64 t0 90.71 Bq » m™ (mean value 41.55 Bq * m) at location 4, as well as from 21.40 to 53.19 Bq -
m? (mean 29.75 Bq ¢ m) at location 5. As can be seen from the measured values, the range of
measured radon concentrations , except for two "hurricane values”, moved within narrow limits with
mutual differences of about 30 Bq » m. This statement becomes even more pronounced if we take
into account the sum values for all 5 locations, where the mean value of 37.10 Bq * m? and the
median of 22.30 Bq + m™ point out to the relatively narrow range of measured radon concentrations
(Table 1).

For greater illustrativeness of the measurements performed in the diagram given in Figure 3, the
radon concentrations in the ambient air during the measurements are graphically shown, both at each
location separately (Figure 3a-3d), and collectively for all locations with their mean values ( Figure

31).
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Fig. 3. Diagrams for the course of the measurements of the radon concentrations in the ambient air in the
phosphogyps landfill at the locality Zgrpolci (Bq * m-3)
a) Location 1; b) Location 2; ¢) Location 3; d) Location 4; e) Location 5; f) Average presentation of
the values from the measurements of radon concentrations in all 5 locations; dashed lines in green give
the range of measured radon concentrations (upper and lower limit)

Based on the measurements and calculations (Table 1 and Figure 3), we can conclude that radon
concentrations in the measured samples undoubtedly indicate the uniformity of the deposited
phosphogypsum masses, the existence of similar conditions in the measurements, such as air pressure,
ambient humidity. air, temperature (Table 1), but also uniformity of moisture of the material
phosphogypsum, compaction of the material, grain size, porosity, diffusion characteristics and similar
parameters that have a great influence on the concentrations of radon in the space of interest. This
influence is primarily manifested in the possibility of radon spreading through the material before it
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can leave it, and its velocity of discharge from the material is related to its diffusion characteristics.
When equilibrium is not reached in the diffusion process, because if the radon needs too much time to
reach the surface (half-life 3.8 days), it will decompose before it can reach the air. All of the above
slightly affects the rate of diffusion through the material, and thus the rate of radon emission. The
displayed radon concentrations in the air above the phosphogypsum deposit near Zgrpolci are at least
two magnitudes higher than the usual average of 10 Bq » m*, determined as the annual average for
open radon concentrations (UNSCEAR, 1993), but certainly higher that radon concentrations (average
12 Bq * m?) in the air around Belgrade, R. Serbia (KolarZ et al., 2020), the People's Republic of China
(average ~ 13-14 Bq « m>; Wu et al., 2016) and others.

Also, going one step further, based on the average, measured radon values, we calculated the
exposure to radon inhalation, ie, the annual effective doses of ionizing radiation exposure that would
be received (from radon) by individuals annually ( Table 2), as outdoor stay and indoor stay. The
annual effective dose due to radon exposure (inhalation), Ega. is:

a) in open space
h
Epn(mSv/y) = 6,7 1076 x Cgy, (Bq » m™3) = 2000(;)

b) indoors (in closed space)

J
Egn(mSv/y) = 6,7 * 1076 * Cgp (Bq + m™3) » 7000(}%)

where: Eg,(mSv-y~1) - is an effective dose for radon exposure (inhalation) on
an annual basis
Crn(Bg » m™2) - is the measured concentration of radon in the subject
area 6.7 * 10°° mSv at Bq h m dose coefficient

Table 2. Calculated values for the exposure during the inhalation of radon from the ambient air at the
phosphogyps landfill at the locality Zgrpolci

Location | Location | Location | Location | Location
Sampling location 1 2 3 4 5
Number of measurements 6 9 7 8 8
22Rp (Bq m?) 47,04 414 2636 | 4155 | 2975
Annual effective dose for
inhalation of 2?Rn (mSv y° 1.19 1,04 0.66 1,05 0,75
1) indoors
Annual effective dose for
inhalation of 2?Rn (mSv y- 0.45 0,39 0,25 0,39 0,28
1) outdoors
Total (¥) effective dose
outdoors+indoors (mSv y-
B 1,63 1.44 0.91 1.44 1,03

The effective doses (Ern) indoors ranged from 0.66 mSv-y™! to 1.19 mSv - y! (mean 0.94 mSv -
y'!), while the calculations of values for eventual outdoor stay were in the range of 0.25 mSv - y! to
0.45 mSv - y! (mean 0.35 mSv - y!). The cumulative, ie, the sum absolute absolute values of the
cumulative effective doses (Era), ranged from 0.91 mSv - y! to 1.63 mSv - y'! (mean 1.29 mSv - y!)
The analysis of these effective doses certainly showed that the mean value for indoor spaces very
close to the maximum recommended for individual doses in the general population (1 mSy - y!), the
mean value for outdoor stay is below the maximum recommended doses, while the combined doses
outside / indoor space annually exceed that value in the whole range of trials (location 1- location5).
Doses from other sources of radiation sources such as K, 22Th and 2**U at the same site (in the
amount of 0.24537 mSv- y'; Jancev et al., 2020) should certainly be taken into account here.
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However, here we want to emphasize that the estimated mean annual effective dose should not be
taken too seriously, as the mean values are widely used. For example, according to UNSCEAR
estimates (2000), as many as 65% of people are exposed to doses of 1 to 3 mSv, while 25% of people
are exposed to doses below 1 mSv and only 10% of them are exposed to doses above 3 mSv, which
would classify our site of interest in the most numerous group of people with exposure to doses from
1 to 3 mSv.

As we already mentioned above, the **Rn and *°Rn exhalation rates from Zgrpolci
phosphogypsum materials (from the same 5 locations) were measured, also (Figure 4).
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Fig. 4. Exhalation measurements of radon and thoron from Zgrpolci phosphogypsum

4. Radon Exhalation Calculation
Conventionally, *?Rn exhalation rate, Eay, [Bq h'] is calculated according to the following
equation, which is equation 1 solved with respect to E (Tuccimei et al., 2009):

(C — C e *222t)
1 — e~ 4222t

Ern222 = *A222°V
where C is the equilibrium concentration [Bq m™],

Co is the initial radon concentration [Bq m™],

A222 is 222Rn decay constant [h?],

V is the free total volume of the analytical system [m®] and

t is time [h].

Thoron (**°Rn) exhalation rate, Ex [Bq h'], was calculated according to the following equation
(Tuccimei et al., 2009):

Ern220 = (4220 " Vo) _gfr_n)_Vl
e-ﬁzzo(‘@)
where Ao is 2°Rn decay constant (h!),

Vo is the volume of the accumulation chamber (m?),

Cnm is the measured ?°Rn concentration [Bq m™],

V1 is the volume between the outflow of the accumulation chamber and the inflow of the

radon monitor, and

Q is the flow rate in the system.

The second term of the equation corrects for the decay of >°Rn during the transport in the
closed system, because thoron half-life (55.61 s) is comparable with time required to complete a
whole loop, causing the underestimation of thoron activity concentration.

_59.



Mutko Janues, I1BaH BoeB

Table 3. Measurements of the radon and thoron accumulation concentration (Bq » m™), exhalation from
the phosphogypsum landfill in the locality Zgrpolci (mBq « kg™ h!) and annual effective dose

(mSv y!)
Sample No.of | C(Bqm?) Mean SD t(hy | m ERn222Rn220 Annual
meas. range (kg) | (mBqkg'h?) | effective dose
(mSv y!)

2Rp | 288 | 0.14-325.37 | 90.331 | 69.847 | 48 1 281.539 2.34

1 20Rn | 288 | 0.60-398.18 | 59.935 | 77.753 | 48 1 13040.3 3.18

9

22Rn S8 1.34-553.82 197;09 1 1”9‘48 63 1 381.948 3.98

2
2Ry | 378 | 02672192 | 83708 | 19371 | 63 | 18032.2 i1
22Rn | 288 | 0.13-296.86 | 69.849 | 61.259 | 48 1 255.746 2.14

3 220Rn 288 1.27-410.48 57.805 | 76.034 | 48 1 13421.76 3.27

2 2.5

22Rn 286 7.90-360.14 1537'47 78.816 | 48 2 153.153 2.39

4 : 2 9, ;
20Rp 88 | 0.894s5261 | 79676 | 1° i 68 | 43 2 7408.02 281

2

mRy | 288 | 01445367 | 13 55'56 97977 | 48 | 1 387.760 3.27

5
20Rp | 288 1.59-623.11 | 80.732 | 95.554 | 48 1 20385.35 4,97

Note: Volume of the RadonBox (exhalation box) 0.035 m?, area of exhalation within the box
0.21 m?.

Exhalation measurements of radon from the phosphogypsum samples showed range of values
going from 153.153 up to 387.78 mBq * kg! h! and averaging 292.029 mBq * kg! h'!, from more
than of 1530 cumulative measurements. Comparison with literature data showed that measurements of
radon exhalations from phosphogypsum at the tailing (waste stack) near Zrgopolci showed that the
values were several times higher than in some common building materials (Frutos-Puerto et al., 2020).
On average, the measured values for phosphogypsum exhalation were 22 times higher than those of
concrete, 12 times higher than those of cement, 10 times higher than those of marble, 10 times higher
than those of marble, 16 times higher than those of shale, 3 times higher those of granite and even 193
times higher than those of gypsum. We obtained very similar findings when comparing the results for
the exhalation of radon from phosphogypsum from the tailings near Zgrpolci compared to some
building materials originating in Italy (tuff, pyroclastic flow, lapilli and cement; Tuccimei et al.,
2009), where our measured values were higher in the range of 3 to 18 times. Without going any
further into separate comparisons we would like to emphasize that the values of radon exhalation rates
reported in Table 3 correspond well with the values reported by other authors (Rawat et al., 1991;
Porstendorfer, 1994; Stoulos et al., 2003; Righi and Bruzzi, 2006; Perna et al., 2018). Also, we would
like that radon exhalations from sampled phosphogypsum waste stack at Zrgopolci were
approximately two times higher then respective ones in coals and related fly ashes from some part
around the World (Singh et al., 2016)

In regards to exhalation measurements of thoron from the phosphogypsum samples we are
emphasizing that they showed range of values going from 7408.1 up to 20385.4 mBq  kg* h! and
averaging 14457.5 mBq - kg! b, from more than of 1530 cumulative measurements, also.
Comparison with literature data showed that measurements of thoron exhalations from
phosphogypsum at the tailing (waste stack) near Zrgopolci, opposite to radon one, were not that
uniform. Namely, for some materials such as concrete, cement, marble, ceramic and gypsum (Frutos-
Puerto et al., 2020), our phosphogypsum thoron exhalation average values were several times higher
(2.2: 4.1; 3.9: 6.3 and 5.1 respectively). For some other building materials such are granite measured
values for phosphogypsum exhalation were 2 times lower, 5 times lower than those of wood and
approximately 0.5 times lower than those of slate. Comparison with some Italian produced building
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materials (Tuccimei et al., 2009) showed that thoron exhalation for Zrgopolci phosphogypsum were
from 2 to 7 times lower magnitudes. These findings are similar to the ranges of results given in works
of other authors (Uji¢ et al., 2010; Jénas et al., 2016). Contrary to the results for the exhalation of
radon, the exhalation of the toron from the coals and ashes (Singh et al., 2016) was 3-12 magnitudes
higher than the exhalations of the toron from the phosphogypsum in waste stack of Zgrpolci.

This radon concentration model can then be used to determinate the annual effective doses of
22Rn by the method recommended by the United Nations Scientific Committee on the Effects of
Atomic Radiation (United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR), 2016):

Dgrn222 = Crn222 * Fe " Ta * CFrn222 (1)

where Dra22 is the annual effective dose of 222Rn (Sv y™!);
Cra222 is the activity concentration for ??Rn (Bq m™);
CFra222 is the dose conversion factor for 2?Rn progeny (Sv per Bq h m™);
Fe is the equilibrium factor for *’Rn and its progeny; and
Ta is the annual work time.

The standard parameters were estimated using the RP 122 publication of EC 2002 (European
Commission, 2002). The values of CFrn22 were assumed to be 9 x 107° Sv per Bq h m™ and the T, 7
000 h y™1. The value of F. was assumed to be 0.4 as reported in (United Nations Scientific Committee
on the Effects of Atomic Radiation (UNSCEAR), 2008).

Similarly, for 220Rn:
Drn220 = Crn22o * Fe * Ta * CFrn220 (2)

where Drn2o is the annual effective dose of 2°Rn (Sv y™!);
Cra220 is the activity concentration for 2°Rn (Bq m™);
CFrun2o is the dose conversion factor for 22°Rn progeny (Sv per Bq h m™);
Fe is the equilibrium factor for >°Rn and its progeny; and
Ta is the annual work time.

The standard parameters were given as CFra2o dose conversion factor for 220Rn progeny (40 x
10-9 Sv per Bq h m—-3) and Ta as the annual work time, 2 000 h y~! (European Commission, 2002).
Fe is the equilibrium factor for 22°Rn and its progeny, 0.1 (United Nations Scientific Committee on the
Effects of Atomic Radiation (UNSCEAR), 2008). Calculated annual effective dose, in
aforementioned manner, for 2?Rn ranged from 2.14 to 3.99 mSv y~!, while for the 2°Rn values ranged
from 3.18 to 5.77 mSv y~!, and all of them were of several magnited higher than allowed one of 1
mSv yL,

5. Conclusion

More than 40 measurements of radon in air concentration of the phosphogypsum waste stack
near Zgrpolci showed range of 21.01 to 143.20 Bq » m™ , at all 5 locations respectively. The displayed
radon concentrations in the air above the phosphogypsum deposit near Zgrpolci are at least two
magnitudes higher than the usual average of 10 Bq » m™, determined as the annual average for open
radon concentrations. Calculated annual effective doses for inhalation of ?Rn (mSv y!) outdoors
were 0.45; 0.39; 0.25; 0.39 and 0.28, respectively for each sampling location and none of them were
above the suggested values of 1 mSv + y! Exhalation measurements of radon from the
phosphogypsum samples showed range of values going from 153.153 up to 387.78 mBq * kg!' h!,
which values were several times higher than those of concrete, cement, marble, shale, granite and
gypsum. Exhalation measurements of thoron from the phosphogypsum samples ranged from 7408.1
up to 20385.4 mBq ¢ kg! h'!, which were several times higher than some materials such as concrete,
cement, marble, ceramic and gypsum (2.2: 4.1: 3.9: 6.3 and 5.1 respectively).
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