
il

rl' ..,,,,.,... l

:, ....... ,l

._i

ic Agriculture Symposium
asYM 2019"

na, October 03-06,2019



BOOK OF
PROCEEDINGS

X International Scientific Agriculture Symposium
"AGROSYM 2019"

Jahorina, October ()3 - 06, 2019



Impressum
X Intemational Scientific Agriculture Symposium ,,AGROSYM 2019.,

Book of Abstracts I,ublished by
University ofEast Sarajevo, Faculty ofAgriirulrure, Republic olsrpska, Bosnia

University of Belgrade, Faculty ofAgriculture, Serbia
Mediteranean Agronomic Insrirute of llari (CIHEAM - IAMB) Italy
International Society ofEnvironmeut and Rural Development, Japan

Balkan Environmental Association (B.EN.A), Greece
centre lbr Development Research, university of Natual Resources and Life Sciences (BoKLl), AUstria

Pefln State Agro-Technologica[ University, Russia
Voronezh State Agricultual University named after peter The Great, Russia

Faculty of Bioecoromy Development, Vytautas Magnus University, Lithuania
Selguk University. Turkey

University ofAgronomic Sciences and Veterinary Medicine ofBucharest, Romania
SIovak University ofAgriculture in Nitra, Slovakia

l,rkainian Insriture for Plant Variety rlxamination, Kyiv, t.Ikraine
National University ofLife and Environmental Sciences oftlkraine, Kyiv, Llkraine

Valahia University of Targoviste, Romania
National Scientific Center ,,Institute ofAgnculture ofNAAS,., Kyiv, Ukrailre

Saint Petersbru'g State Forest Teclmical University, Russia
Uriversity ofValer cia, Spain

Faculty of Agricultm.e, Cairo University, Egypt
Tarbiat Modares University, Iran

Chapingo Autonomous University, Mexico
Depanmert ofAgriculnu-al, Food and Environmental Sciences, University ofperugia, Italy

Higlrer lnstitute of Agronomy, Chott Mariem-Sousse, Tunisia
Watershed Management Society of Iran

Instinrte of Animal Science- Iiostinbrod, Bulgaria
Faculty ofAgriculture, University of Banja Luka, Bosnia and Herzegovina

Faculty of Economics Blcko, University ofEast Sarajevo, Bosnia and Herzegovina
Biotechnical Faculty. University of Montenegro, Montenegro

hstihrre ofField and Vegerable Crops, Serbia
Institute ofLowland Forestry and Environment, Serbia
Institute for Science Applicatiolr in Agriculture, Serbia

Agricultural Institute ofRepublic ofSrpska - Banja Luka, Bosnia and Herzegovina
Maize Research Institute "Zemun Polje", Serbia

Faculty ofAgriculture, University ofNovi Sad, Serbia

Editor in Chief
Dusan Kovacevic

Tehnical editors
Sinisa Berjrm
Milan Jugovic

Noureddin Driouech
Rosanna Qr.agliariello

Website:

CIP - Karanorrtaquja y uy6ru.rxaquju
Hapo4ua u yureepsprrercra 6u6rzorera
Penlf.nune Cpncre, Ealr,a Jlyxa

631(082)

INTERNA'TIONAL Scientifi c Agricultural Synposium,,Agnrsym 2019,' (1o)
(Jahorina)

^ Book of Proceedings [Elektronski izvor] / X Internati(,nal Scientific Agriculture
Symposium "Agr.osym 2019", Jahorina, October og - 06, 2019 ; [editor in cf,iefDusan
Kovadevi6l. - East Sarajevo : Faculty ofAgriculture, zorg

Naiin pristupa (URL): http://agroslm.ues.rs.ba/index.php/en/archive. -
Eu6ruorpa0uja yB pa,qoBe. - perncrap.



X International Scientific Agricultural Symposium ..Agrosym 2019,,
Jahorina, October 03-06,2019, Bosnia and Herzegovina

BoRIS PASALIC, Minister or Agriculture, #-tit^ffi*:'i?l'HT:I-, or Republic or Srpska, Bosnia, sRDJAN
RAJCEVIC, Minister ol Scientific-Technological Development, Higher Education and lnfoimation Socieiy ofRepublic ofSrpska,
Bosnia, MILAN KULIC, Rector of the. University of Easr Saraje"o, Bosnia, DUSAN zIVKovIC, b"u, olth" Faculiy of
Agriculnle' University of Belgrade, Serbia, MAURIZIO RAELI, I)irector of the Mediterranean Agionornic Insrirure of Bari.
Italy, MARIO T TABUCANON, President of the Inrernational Society of Environment and R1[al Development, Japan,
FOKIAON K. VOSNIAKOS, President of the Balkan Environmental Association (B.EN.A), Greece, MUSTAFA $AHlN, Re;ro;
ol drc Selcuk Uuiversity, Turkey, ALEKSEY ANDREEV, Rector of the Pemr State Agro-Technological University, Russia,
NIKOLAY I. BLTKHTOYAROV, Rector of the Voronezh State A€tricultural University 

-named 
after Feter The Great, Russia,

ANTANAS MAZILIAUSKAS, Rector of the Vltautas Magnus University Agriculiure Academy, Lithuania, BARBARA
HINTERSToISSER, Vice-Rector ol the University of Natural Rescurces and Lif" Sci"n.", 1nOKe, eustria, JoSE SERGIO
BARRALES DoMiNcLlEz, Rector of the Chapingo Autonomous Unir"rslty, v"*ico,. rraUitta n t[sZove, n;;;;f;
Slovak University ofAgriculture in Nitra, Slovakia, CALIN D. OROS, Rectlr ofthe Valahia University of Tar.govisre, Romania,
vtKTOR KAMINSKYI, Directol of National Scientific Center' ,,lnstitute of Agriculture of NAA(.,, Kyiv, Lkraine, aMR
AHMED MoSTAFA, Dean of the Faculty olAgriculture, Calo University, Eglpt, SOruN MIHAI CIMPEANU, Rector of the
Univcrsity of Agtonomic Sciences and Vete[inary Medicine of ]luchaiest,-iLmania, FRANCESCO TEL Director of rhe
Department of Agficultrual, Food and Environmertal ScieDces, University of Perugia, Italy, DAVUT KARAyEL, Dean ol
F-aculty of Agriculture, University.of Akdeniz - Anralya, Turkey, CHoi<RI THA-BET, the General Director of the Fligh
Agronomic lnstitute ol Chott Mariem, Sousse, Tunisia, SEYED IIAMIDREZA SADEGHI, professor at Tarbiat Modares
University and the President of the Watershed Management society of Iran, Iran, IVAN YANCi{EV, Director of rhe Instirure of
Animal Science- Kostinbrod, Bulgaria, ZLATAN KOVACEVIC, Dean of the Faculty ofAgriculture, University of Banja Luka,
Bosnia artd Herzegovina, LAZAR RADOVANOVIC, Dean ol the Faculry of Econornics 

-brcko, 
Universtiy of eu.t da,a.;"uo,

Bosnia artd Herzegovina, BOZIDARKA MARKOVIC, Dean of the .Biotecimical Faculty, University of podgorica, Monren;gro,
SNEZANA JANKOVIC, Director of the Institute for Science Application in agriculture, Serbia, SASA ORLOUC, Director of
the Institute olLowland Forestry and Environment, Serbia, gRANfO KOVACEVIC, president of re Academy of Engineering
Scicnces of Serbia, Serbia' VoJISLAV TRKULJA, Directol ofAgricultulal Insrihrte of Republic of Srpska - Banja Luka, Bosni-a
and Herzegovina, BRANKA KRESOVIC, Director of the Maize Research Institute ;Zemun poqe", Serbia, SVETLANA
BALESEVIC-TUBIC, Dilector of ttre Institute ofField and Vegetable Crops, Serbia, NEDELJKo TIia, Dean ofthe Faculty of
Agriculture, Unive[sity of Novi Sad, Serbia, RODNE NASioVA, Director of the Instirute for Animal Science, Skoplje-
Macedonia, RADOVAN PEJANOVIC, President ol Balkan Scientilic Association of Agricultural Economics, Serbia, JONi1
SUBIC, Director ofrhe [nstirure ofAgriculnual Economics. Serbia

SCIENTIFIC CONIMITTEE
DUSAN KOVACEVIC, Faculty of Ag:iculture, University of Belgrade, SelbiaProl dr Wiltiam Meyers, Howard Cowden
Plofessol of Agricultual and Applied Economics, University of Missouri, USA, JoHN BRAYDEN, Norwegia,r Agricuttural
Economics Resealch Institute (NILF), Norway, STEVE QUARIE, Visiting Profesior, School of Biology, Newcastle University,
United Kirlgdom, ANDREAS MELCHE& CDR, University of Natural Resources and Life Sciences 1-rioruy, vienna, austria,
DANI SHTTENBERG, full professor, Department ofPlant pathology and Weed Research, aRo, the Vilcani Center, Bet Dagan.
Israel' THoMAS G. JOHNSON, University of Missouri - Columbia, USA, DIETER TRAUTZ, lJniversity of Applied Scieice.
Germany, MACHITo MIHARA, Tokyo Uxiv€rsity of Agriculture, Japan, MARKUS SCIIERME& Deparrmenr-of Sociology,
University of lnnsbruk, Austria,. JORGE BATLLE-SALES, Depar,.ment.of Biology, University oi vui.n"in, Spain, SERGti
ELISEEV. Vice-Rector for Research and Innovations, Perm State Agro-Techirological Liniversity, nussii, p.tCueRD
BARICHELLo, Faculty of Land and_Food Systems, University o1'British Colurnbia, danada, NOVO PRZULJ, Faculty of
Agticulture, Uliversity of Banjaluka, Bosnia and Herzegovina, TA'|IANA SIVKOVA, Faculty for Veterinaian Medicine and
Zootechny, Perm State Ag o-Technological University, Russia, AI)RIANO CIANI, Department ol Agricultural, Foods and
Environnrcntal Scicnces, Perugia University, Itaiy, ALEKSEJ LUKlll, voronezh State Agricultural UnivJrsity named after peter
Thc Great, Russia' MATTEO VITTUARI, Faculty of Agriculture, University of Bolognal ltaly, SEyED MoHSEN Hos5EINI,
Faculty of Natutal Resources, Tarbiat Modares Univeriity, han, l.RDtAN uaCl, -raculty 

of Agriculture and Enviroprent,
Aglicultru'al University of Tirana, Albania, REGUCIVILLA A. pbBA& Bohol tslarid State univeriity, philippines, 3SDHEERKUNDUKULANGARA PULISSERY,. Kerala Agricultual Universiry, tndia, EPN LTDAYAKUMAiTA, laculty of Applied
Sciences, Sabaragamuwa University, Sri Lanka, vaADIMIR sMUTI{f, full profcssor, Mendel University, Faculry of agronomy,
Czcch Republic, FRANC BAVEC, full professor, Faculty of Agriculture and Life Sciences, Maribor, Stovenia, J,iN M66;i;firll prof'essor, Faculty of Agriculture, South Bohemia Lrriuerilty, ()zech Republic, STEFAN TyIi, full prolbssor, Faculty ofAgro-biology and Food Resources, Slovakia, NATALIJA BOGDANoV, Faculty of Agriculnue, University of Belgrade, Seibia,SABAHUDIN BAJRAMoVIC, Faculty of Agricultue and Food Sciences, i.lniveliity ol Sarajevo, Bosnia, FRANCESC9
PoRCELLI, University of Bari Aldo Moro, ltaly, VASILIJE ISAIEV, Faculty of Foiestry, university of Belgrade, Serbia,ELAZAR FALLIK, Agricultural Research organization (ARo), Volcani, Israel, JLTNAID ALAM MEMoN, pakistan Institute of
Developn'rent Economics. Pakistan,, HIROMU OKAZAWA, Faculty of Regional Environment Science, Tokyo University ofAgriculture, Japan, PANDI ZDRULI, Land and water Resoulces Department; IAMB, Italy, MLADEN ToDoRoVIC, Land and



Water Resources Department, IAMB, Italy, I-IAMID EL BILALI, CDR, University of Natural Resources and Lit'e Sciences
(BOKU), Vienna, Austria, MAKSYM MELNYCHUK, National Academy of Agricultural Science of Llkraine, LIkraine, BORYS
SOROCHYNSKYI, Ukrainian Institute for Plant Variety Examination, Kyiv, Ukraine, LORENZ PROBST, CDR, University of
Natural Resources and Life Sciences (BOKU), Vieflna, Austria, MOHSEN BOUBAKER. High Instirute of Agronomy of Chotl
Meriem, Sousse, Tunisia, NOLTREDDIN DRIOIECH, Cooldinator of MAIB Alumni Network (FTN), Mediteranean Agronomic
lnstitute of Bari, ltaly, ION VIOREL, University of Agronomic S,riences and Veterinary Medicine of Bucharest, Romaria,
CHULEEMAS BOONTHAI IWAI, Faculty of Agriculture, Khon Karn University, Thailand, WATHUGE T.P.S.K. SENARATH,
Deparlment of Botany, University of Sri Jayewardenepura, Colombo, Sri Lanka, HAMADA ABDELRAHMAN, Soil Science
Dept., Faculty of Agriculture, Cairo University, Egpt, MAYA IGN,a.TOVA, Agricultural Academy Sotia, Bulgaria, IOANNIS
N. XYNIAS, Scltool of Agriculn-ual Technology & Food Technology and Nutrition, Westem Macedonia University of Applied
Scicnccs, Creece, ARTUR RUTKIEWICZ, Departrnent of Forest Protectior, Forest Res€arch lnstitute - IBL, Poland,
MOHAMMAD SADECH ALLAHYARI, lslamic Azad University, Rasht Branch, Iran, LALITA SIRIWATTANANON, Faculty
of Agricultural Technology, Rajamangala Universitl, of Technology Thanyaburi (RMUTT), Thailand, KONSTANTIN
KORLYAKOV, Perm Agricultural Research Institute, Russia, MOFIA.MMAD FAROOQUE IIASSAN, Shaheed Benazir Bhutto
University of Vete[inary & Animal Sciences Sakand, Si[dh, Pakistllr, LARYSA PRYSIAZHNIL'K, Ukrainian Insrih]te for Plarlr
Varicty Examination, Kyiv, Llkraine, OKSANA KLIACHENKO, l,lational University of Life and Environmental Science of
Uklaine, Likraine, IVAN SIMUNIC, Department of amelioration, Faculty of agriculnue, University of Zagreb, Croatia. ABID
HUSSAIN, lnternational Centre for Integrated Mountain Developmeflt (ICIMOD), Nepal, AMNTA GHATAK, Cujarar Instirure
of Development Research (GIDR), India, NASER SABAGHNIA, University of Maragheh, Iran, MONICA PAT LA MARIN,
Departnent lbr Animal Husbandry, University ofAgronomic Sciences and Veterinary Medicine of Buclrarest, Romania, PENKA
MONEVA, lnstinrte of Alimal Science - Kostinbrod, Bulgaria, MOSTAIA K. NASSAR, Animal husbaldry Dept., Faculry of
Agficultule, Cairo University, Egypt, MARTA BIRKAS, full professor, St. Istvan University, Godollo Hungary, eNOn2e.l
KOWALSKI, Director of the Institute for Agicultural and Food Economy, Warzawa-Poland, YALCIN KAYA, The Director of
the Plant Bleeding Research Center, Univelsity of Trakya, Turkey. SANJA RADONJIC, Biotechnical Faculty, Universiry of
Montenegro, Monteregro, IONELA DOBRIN, Depafiment for I'lant Protection, University of Agronomic Sciences and
Vetct inaly Medicile of Buchalest, Romania, INOCENCIO BUOT JR., Instin]te of Biological Sciences, College of Arts and
Sciences, Urtiversity ol the Phitippites Los Banos, Philippines, K-!.ROL WAJSZCZIJK, Poznan Uriversity of Life Sciences,
Poland, REDOUANE CHOTI(R-ALLAH, Intemational Center fr,r Biosaline Agricr:lture (ICBA), United Arab Emirates,
MOHAMMAD AL-MAMLIN, Department of Arimal Nuttition, Bmgladesh Agricultural University, Bangladesh, ANUCIIA
WITTAYAKORN-PLIRIPUNPINYOO, School of Agriculture and Co-operatives, Sukhothai Thammathirat Open University,
Nonthaburi, Thailand, NEDELIKA NIKOLOVA, lnstitute for Animal Science, Ss. Cyril and Methodius University in Skopje,
Republic of Macedonia, IGNACIO J. DiAZ-MAROTO, High Schooi Polytechnic, Universiry ol Sanriago de Compostela, Spiin.
NIDAL SHABAN, University of Forestry Sofia, Bulgaria, YOUSSUi SASSINE, Lebanese University Beirut, Lebanon, CAFER
TOPALOGLU. Faculty of Tourism, Mugla Sitki Kocman University, Turkey, SEYED HAMIDREZA SADEGHI, Faculty of
Nattual Rcsources, Talbiat Modares University, Iran, MOHSEN M,fHSENI SARAVI, University of Teheran and Membef of
WMSI Management Board, Iran, MAHMOOD ARABKIIEDRI, Soil Conservation and Watershed Managemert Research
lnstitute and Member of WMSI Management Board, Iran, ATAOLLAH KAVIAN, Sari Agriculh.ual Science and Nahfal
Resources University and Member of WMSI Management Board, kan, TUGAY AYASAN, Department of Organic Fatming
Business Management, Osmaniye, Applied Science School of Kadirli, Osnraniye Korkut Ata University, Turkey, SAKINE
OZPINAR, Department of Farm Machinery and Technologies Engineeling, Faculty of Agriculture, Qanakkale Onsekiz Mart
University, Qanakkale, Turkey, SHEREIN SAEIDE ABDELGAYEI), Faculty of Veterinary Medicine, Cairo tJniversity, Cairo,
Egypt, ZOHREH MASHAK, lslamic Azad University, Karaj Blanch, lran, KHALID AZIM, National lnstiture of Agriculture
Ilcscarch, Morocco, SRDJAN LALIC, Vice-dean University of Eist Sarajevo, Bosnia and Herzegovina, ZELJKO VASKO,
Faculty ofAgriculture, University ofBanja I-uka, Bosnia and Herzegovina, KI-IBILAY BA$TA$, Department ofPlant Prot€crion.
l"aculty ol Agriculnre, Selquk University, Turkey, BRANIi{ KRESOVIC, Director of the Maize Research Institute "Zemun
Polje", Serbia, NENAD DELIC, Maize Research Irstitute "Zemun Polje", Serbia, MILAN STEVANOVIC, Maize Research
Institute "Zenrur Polje", Serbia, SVETLANA BALESEVIC-TIIBIC, Institute of Field and Vegetable Crops Novi Sad, Serbia,
ANA MARIANOVIC JEROMELA, lnstitute of Field and Vegetable Crops Novi Sad, Serbia, TATJANA ZDRALIC, Faculty ol
Agricultue, Ullivelsity ofEast Sarajevo, Bosnia, ALEKSANDRA GOVEDARICA-LUCIC, Faculty of Agriculture, University of
Iiast Sarajevo, Bosnia, DESIMIR KNEZEVIC, Univelsity of Pristina, Faculty of Agriculture, Kosovska Mitr.ovica - Lesak,
Kosovo i Metohija, Serbia, SNEZANA MLADENOVIC-DRINIC, N,Iaize Research Institute "Zemun Polje", Serbia, NEBOJSA
MOMIROVIC, Faculty of Agriculture, University of Belgrade, Serbia,. V1ELIBOR SPAIEVIC, Faculty of Philosophy,
Geography, University of Montenegro, ZORAN JOVOVIC, Bio*,chnical Faculty, University of Montenegro, Moltenegro,
DANUEL JUG, associate professor, Faculty of Agriculture, University of Osijek, Croatia, MILAN MARKOiIC, Biotechnical
Faculty, University of Montenego, Montenegro, ZELJKO DOLIJT\NOVIC, Faculty of Agriculture, University of Belgr.ade,
Setbia, DEJAN STOJANOVIC, lnstitute of Lowland Forestry and Environment, Setbia, DOBRIVOJ POSTIi, Institute lbi plant
ptotection and environment, Belgrade, Serbia, SRDJAN STOJNIC, Instinrte of Lowlarld Forestry and Environment, Serbia

ORGANIZING COMMITTEE
VESNA MlLlC, Faculty of Agriculture, University ofEast Sarajevo, Bosnia, DEJAN BOKONJIC, Vice rector ofthe University
of East Sarajevo, Bosnia,. DEJANA STANIC, Dean of the F'actLlty of Agricultr.ue, University of East Sarajevo, Bosnia,
MAROUN EL MOUJABBER, Mediteranean Agronomic Institute of Bati, Italy, ROSANNA QUAGLIARIELLO, Mediterranean
Agronomic Institute of BaIi, ltaly, NOUREDDIN DRIOUECH, Coor.dinator of MAIB Alumni Network (FTN). Mecliterr.anean
Agronomic Institute of Bari, ltaly, ALEKSANDRA DESPOTOVIC, Biotechnical Faculty podgorica, University ol Montenegro,



Proceedings of the X International Scientific A2yricultural Symposium "Agrosym 2019"

NATURAL RADIONUCLIDES IN POULI'RY FEED AND ASSESSMENT OF
RADIATION RISK

AleKsandra ANGJELESKAI, Elizabeta DIMITRII]SKA-STOJKOVIK2, Radmila CRCEVA-
NIKOLOVSKA3, Zehra HAJRULAI-MUSLIU4, Biljana S. DIMZOVSKA-

STOJANOVSKAs, Gorrlana ILIEVSKA6

rFaculty ofVeterinary Medicine, University,,St. Clril and ldethodius", Skopje, Republic ofNorth Macadonia
rFood Institute, Faculty ofVeterinary Medicine Skopje
*Conesponding author: mizasandra@fvm.ukim.edu.mk

Abstract
The researches of radioactivity in poultry feed are parlicularly important because a part of the
quantity of radionuclides in the food that animals; ingest could be tmnsmitted to people by
means of the path ofradionuclides in the food chairr.
The study was conducted in order to detect the natural radioactivity in pou1try feed and its
values were compared with the measured values with poultry feed which is being produced in
other pafis of the world. The samples were analyzed by means of an instrument - gamma
spectrorneter (Canbera Packard) with a high purity germanium detector. The measurement
was performed in a hermetically sealed container, whereby the spectra obtained from the
measurement were analyzed by using the program ,3ENIE 2000.
The results showed that the activity concentrationri in feed supplements are within the range
Iiom 59.6 to 127.4 Bq,&g for 40K, 12.7 to 18.5 Bq/kg for 226Ra and 4.6 to 11.7 Bq/kg for
232Th, while those of the compounded feed are vrithin the range from 64.7 to 172.0 Bqkg
for 40K, 9.7 to 29.4 Bq,rkg for 226Ra, and 19.6 to 42.t Bq/kg for 232Th. As it was expected
during the analyses, the obtained values for the compounded feed were higher than the values
for the feed supplements, which is expected, since some of these supplements are used for
compounding feeds. In addition, antkopogenic radionuclides were not detected which shows
that there was no contamination due to arlificial radionuclides. The values of the specific
activity obtained in this study do not exceed the safety limits, emphasizing the insigificant
danger ofradiation that arises from the Earth's radionuclides that are naturally present.

Key words: ganxna spectrometry, feeds, natural radioactivity.

Introduction
Animal feed is developed from an organic basis (p)ants or animals) and is intended to provide
the fullest diet possible (Filho et a1.,2016). Very often, in ordel to improve the nutritional
value of animal feed, it is supplemented with substances that could increase the level of
activity of radionuclides.
In Macedonia, the most commonly used poult.y feed is soybean, maize and "Premix
Vitaminico Mineral", a bone meal and a fish meal. Therefore, control of radionuclides of
these specimens is required, especially in phosphate stone, which is another raw material used
in the production of animal feed additives (Casacuberta et al., 2010), which provides calciurn
for dornestic animals such as poultry. One of the rnost common ways in which radionuclides
reach poultry is ingestion, that is, consumption of foods that may contain a specific level of
radiation, which would impose concems in regard 1o such used poultry feed.
Considering the fact that through the food chair radioactive substances reach the human,

more attention has been paid to these problems ir the last decades in tems of the radiation
safety of the population.
People consume eggs and poultry meat, therefore it is expected to monitor the levels of
radiation in poultry feed, because a part of the amount ol radionuclides in the food that
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animals ingest could be passed on to people thrcugh the path of radionuclides in the food
chain (Mc Donald et al., 1999; Breuninger et al , 2002; Hemandez et al., 2004). For this
reason, due to the transfer of radioactive substarces from the environment to agricultural,
livestock and frsh products, radioactive contamiration of food and its health effects have
become a major concem for people (Ramasany et a.1.,20O6; Kaplan et al., 20l l).
The study was conducted in order to detect natural radioactivity in poultry feed and the results
were compared with measured values of poultry fer:d produced in other parts of the world.

Material and rrethods
2.1 Sampling
The poultry feed samples were taken from sevt:ral producers, and several samples were
directly purchased fiom the market in Macedoriia. All samples were homogenized in a
blender and then placed in Marinelli (hermetically sealed containers with a weight of
approximately 450 grams).
The Marinelli were stored for 10 days in order to achieve a balance of radium and thorium
with their daughters.

2.2 Instrument
The spectral analysis ofthe radionuclides ofthese samples was conducted by applying a y-ray
spectrometer with high purity germanium (HPGe) detector with 30% relative efficiency and
energy resolution (FWHM) of 1.8 keV for 1.33 MeV reference passage of 60Co (Verdoya et
al.. 2009).
The detector was protected with 9cm-thick lead with an intemal tine with a 0.5 cm-thin
copper panel covered by 1 mm aluminum in order to absorb the x-rays fiom the lead and the
copper. The internal size of the cavity of the shel.l was 30 x 30 x 30 cm. The detector was
given a high voltage through a preamplifier which was then connected to an amplifrer with a
computer based channel analyzer through an ADC (analogue to digital converter). The
software used for obtaining the data is Canberra software package Genie-2000, including
search of maximal value and modules for identification ofnuclides. The system was regularly
calibrated for energy and efficiency. The gamma rays of interest were within a range of 50-
3000 keV. The prepared Marinelli glasses (samprles) were placed on a final detector at a
distance of approximately l0 mm. Every sample was measured within a period of around
62000s in order to get good statistics and the constant time was lower than l0%. The
measurements with an empty Marinelli glass, in identical conditions were also conducted in
order to determine the basic recounts. Then they were deducted from the measured spectrums
of every sample in order to obtain the net activities of the radionuclides.

Results and discussion
The activity concentrations of aoK, 226Ra and 232llh were assessed and they were shown in
Table 1 and rable 2 as well as in Figure 1 and Filgre 2. The results showed that the activity
concentrations in feed supplements range from 59.6 to 127.4 Bq/kg for 40Iq 12.7 to lg.5
Bq/kg for 226Ra and 4.6 to ll.7 Bq/kg for 232Th, uhile that of the iompound feed range from
64.7 to 1'72.0 Bq/kg for aoK, 9.7 to 29.4 Bq/kg for 226Ra and 19.6 to +z.1e/Ugfor 232Th.

Compound feed had higher values than poultry feed supplements, which is expected, because
some of these supplements are used for combirring the food. The results on the natural
radioactivity were compared with the results from different countries of the world and were
relatively higher compared to other such studies (Harb et al., 2010; Filho et al., 2016).
Presence of antkopogenic radionuclides was n,lt found, which shows that there is no
contamination due to arlificial radionuclides.
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Table 1. Activity concentrations of poultry feedstulf (Bq,&g)

Sampling sites 4oK 226yu 2327y

Feed supplement
Feed supplement
Feed supplement
Feed supplement
Feed supplement
Feed supplement
Feed supplement
Feed supplement
Feed supplement
Feed supplement
Feed supplement
Feed supplement
Feed supplement
Feed supplement

67.24*2.t2
Itt.60+2.54
89.24+5.00
t27.40+3.00
102.tw2.40
113.17+4.20
66.5t+4.21
111.35+2.50
59.60+5.20
63.06+2.60

t21.15+4.50
73.30+3.55
124.56*2.30
68.07+2_50

14.'79+3.00
12.70+2.00
t5.22+5.20
12.98+3.00
18.50+1.20
t'7 .54+1.95
17.O2t3.53
13.22+1_95

t6.4',1D.50
14.02+3.80
t3.29+2.50
15.45+3.50
17.98+3.11
13.27+5.00

4.60+1.30
10.21+1.50
7.02+2.30
7.t2+2.50
I 1.70+1.50
5.10+1.65
9.68+2.30
5.5512.50
4.90t1.70
4.60+1.30
9.26+3.50
9.01a1.50
5.47+2.50
7.62+2.50

procedure included the subtraction ofthe backgrourd spectrun

Figure 1. Activity concentration of K-40, Ra-226 and Th-232.
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Tabte 2. Activity concentrations ofcompounded fe:d (Bqlkg)

Sampling sites 226P(a40K 232Th

Compounded feed
Compounded feed
Compounded feed
Compounded feed
Compounded feed
Compounded feed
Compounded feed
Compounded feed
Compounded feed
Compounded feed

77.1t+2.00
172.00+2.50
99.14+2.50
t2'1.40+3.A0
114.22+2.20
t13.17L4.20
82.37+3.22
154.35+5.50
137.11+5.00
64.70+5.20

16.00+2.50
25.13+2.22
15.22+5.20
29.40+1.50
t7.32+t.50
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Figure 2. Activity concentration of Il-40, Ra-226 and Th-232.

Conclusion
The values of the specific activity in this study dicl not exceed the safety limits, emphasizing
the insignificant radiation hazard arising from naturally occurring earth radionuclides.
The results were compared with other poultry feerl in other parts of the world, which shows
that at the present level ofradioactive contamination, there would be no need to take measures
related to the reduction of radioactive contaminati,)n. The conclusion in this study is that the
transfer of such levels to poultry meat and, uttimately, to the human, in the path of
radionuclides, will not pose a danger when the public will eventually consume the meat and
eggs from the poultry that consume such feed.
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