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INPUPOJHA PAIMOAKTUBHOCT BO JEITIOHUU HA
®OCPOPEH I'liC BO XEMUCKATA UHAYCTPUJA BEJIEC,
PEITIYBJIMKA MAKEJOHHUJA

Murko Janues?, Msan Boes!, 3nenka Ctojanoscka?, bnasxko Boes!

! ®axynreT 32 NPUPOHY U TEXHUYKK Hayku, Y HuBep3uTeT ,,I'one Jemaer*, IlITum, Permybnnka
Makenonuja
2 ®dakynTeT 3a MCTUIIMHCKA HayKH, YHuBep3uter ,,I one Jemdes, [ltum, Pemydnrka
Maxkenonuja

IIpousBomcTBoTO Ha (hochopHAa KUCETHHA O TPUPOAHHU (ocdaTHU Kapmu ro
3rojieMyBa HHAYCTPUCKHOT OTIaj HapeueH docdopeH rurc. PocOopHUOT THIIC COAPIKH
3HAYUTENTHO KOIMYECTBO PaAMOHYKIMAM of cepujata 23U, mopajau HMBHATa BMCOKa
KOHIEHTpaluja Bo ¢ocdaTHuTe pyau. 3a BpeMe Ha aKTHBHOCTHTE Ha XeMHCKaTa
uHaycrpuja Benec, Bo nepuonor ox 1979 no 2003 roauua, ckiaaupanu ce 3,7 MUIMOHH
ToHU (hochopen runc Bo nenoHuja. Taa ce Haora Ha okonmy 1,5 km jyrozamamno of
KOMIUIEKCOT Ha (abpukara, BO JIONMHA MOMery puaoBH, Ha Tepuropuja ox 70,000 m2.
Co men fga ce M3BPLIM paJMOINIOIIKA KapakTepHu3aldja Ha JCHOHHjaTa, ce 3emoa MeT
npumepolu Ha (ochopeH TUIIC U ce ucnpaTrja Ha aHanu3a Bo Activation laboratories
B0 Kanaga. Bkynuure anda- 1 6eTa-akTHBHOCTH Ce Mepea CO MPOIOPLHOHANICH CHCTEM
Ha Opoeme; creuupuunure aktusHocTd Ha ‘K, 22Th u 2®U ce mepea co rama-
CIIEKTOMETPHM]ja, a MPOU3BOIHMTE O] pacnagoT Ha cepujata 2%2Th and ?®U ce ananusupaa
PaIHOXEMHCKH.

Bkynnute anda-cnenuduynn aktuBHOCTH Bapupaat nomery 820 Bq/kg u 1090
Bq/kg, co npocek on 950+£104 Bg/kg, noneka BkynHuTe Oera-crielinpuuHr aKTUBHOCTH
ce co paur ox 1380 Bg/kg mo 1980 Bg/kg, co mpocex on 16944220 Bg/kg. Cure
BPEAHOCTH Ha BKyHHUTe aiuda- U OeTa-CenU(UIHN aKTUBHOCTH HWHAWIHpPAAT
3rojieMeHa paAnoakTUBHOCT. [loHaTaMomHaTa aHaMM3a Ha paJlloOHYKIUANTE, HCTO TaKa,
ro IOTBpAYBa o0BOj (akT. ['ama-criekToMeTpuckaTa M paIHOXEMHCKATa aHaIH3a
MIOKa)KyBaaT JIeKa 3rojleMeHaTa aKTHBHOCT JOBeAyBa 0 (OPMHpPAEme Ha PaJHOHYKITHIN
on cepujata ?Th u*°K, xom ce moj IMMUTOT 3a jAeTekuuja. OBue cHeLUpUUHH
aKTUBHOCTH + BPENHOCTHM Ha CTaHIapIHa IeBHjalMja, CO OICEr BO 3arpagd Ha
238, 2226Rq, 214Ph u 2“Bi Bo Bq/kg e 360155 (300-400), 280+84 (300-400), 350+45
(300-400) wu 380+45 (300-400), coomBerHo. HamBOPENTHHOT W BHATPEITHHOT
PAAMOTIONIKY PU3UK MCTO Taka Oele MpecMeTaH. 3eMajKul ja MpeIBHIl HAIBOPEIIHATa
sadarauna oxn 0,2 daxrop rogumuo u 0,7 Sv Gy daxTop Ha KoHBep3uja of mo3ara
amcopOmpaHa BO BO3yXOT 10 eheKTUBHATA J]03a IITO ja IPHMa BO3PACHO JIUIIE, CE JO0OH
cpemnra BpenHoct ox 0,25 mSv/y, xoja e mox mumutoT ox 1| mSv/y 3a jaBHocra (1). Ce
MIpecMeTa ¥ BHATPEITHUOT PHU3HK (2,3) BO ciydaj Ha ynoTpeda Ha docdopeH rumc kako
rpaaexxer matepujai. [Ipecmerannte anda (I, = 1,4) u 6era (Ig= 1,3) nanekcu ce Han 1,
IITO € HUBO 32 0e30€1HO KOPUCTEHE.
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Pesynrature noOneHn ox oBaa CTyaWja MOKaKyBaaT JieKa PaJHOHYKIUAWTE, U
MIOKpaj TOa IITO CE NMPUCYTHH CO BHCOKAa KOHIEHTpaluja BO (POocOpHUOT THIC, HE
MOKa)KyBaaT 3HAYMTEIHN HAJBOPEIIHU JIO3M 32 jaBHOCTA, J0JIEKa, JOKOJIKY C€ KOPHCTH
(docdopeH THUIC KaKO TpajexeH MaTepHjasl, MOXE Ja ce 3roJeMH BHATpelIHaTa
nznoxeroct. Ce mpenopavyBa MOHATAMOIIHO HCIHUTYBamke Ha ePEeKTOT Ha JETOHujaTa
Ha JKUBOTHATa CPEJIMHA.

Koyunu 360poBu: GpocdopeH rumnc, paanoakTHBHOCT, cepuja 238U
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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 23U 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
m2 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, 22Th and 2®U specific
activities were determined while as the decay products from the 2%Th and 28U decay
chain were analyzed radiochemically.

The gross alpha specific activities varied between 820 Bg/kg and 1090 Bg/kg
with an average of (950+104)Bq/kg, while the gross beta specific activities ranged from
1380Bq/kg to 1980Bqg/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 23U chain while the radionuclides of the 2%2Th
chain and “°K were below the detection limit. The specific activities mean + standard
deviation values with a range in brackets of 28U, 22%5Ra, 2**Pb and ?*Bi in Bg/kg were
360+55 (300-400), 280484 (300-400), 350+45 (300-400) and 380445 (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 (l. = 1.4) and beta (I3 = 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, 28U chain
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