




 

PROCEEDINGS 

29
th

 INTERNATIONAL CONFERENCE  

ECOLOGICAL TRUTH AND ENVIRONMENTAL RESEARCH – EcoTER’22 

 

Editor: 

Prof. Dr Snežana Šerbula 

University of Belgrade, Technical Faculty in Bor 

 

Technical Editors: 

Dr Jelena Milosavljević 

University of Belgrade, Technical Faculty in Bor 

Asst. Prof. Dr Ana Radojević 

University of Belgrade, Technical Faculty in Bor 

Dr Jelena Kalinović 

University of Belgrade, Technical Faculty in Bor 

Asst. Prof. Dr Tanja Kalinović 

University of Belgrade, Technical Faculty in Bor 

Asst. Prof. Dr Žaklina Tasić 

University of Belgrade, Technical Faculty in Bor 

 

Publisher: University of Belgrade, Technical Faculty in Bor 

For the Publisher: Prof. Dr Nada Štrbac, Dean 

Printed: GRAFIK CENTAR DOO Beograd, 120 copies 

Year of publication: 2022 

 

ISBN 978-86-6305-123-2 

CIP - Каталогизација у публикацији 
Народна библиотека Србије, Београд 
 
502/504(082)(0.034.2) 
574(082)(0.034.2) 
 
INTERNATIONAL Conference Ecological Truth & Environmental Research (29 ; 2022 ; 
Sokobanja) 
    Proceedings [Elektronski izvor] / 29th International Conference Ecological Truth and 
Environmental Research - EcoTER'22, 21-24 June 2022, Sokobanja, Serbia ; [organized by 
University of Belgrade, Technical faculty in Bor (Serbia)] ; [co-organizers University of Banja Luka, 
Faculty of Technology – Banja Luka (B&H) ... [et al.]] ; editor Snežana Šerbula. - Bor : University of 
Belgrade, Technical faculty, 2022 (Beograd : Grafik centar). - 1 USB fleš memorija ; 5 x 5 x 1 cm 
 
Sistemski zahtevi: Nisu navedeni. - Nasl. sa naslovne strane dokumenta. - Tiraž 120. - Bibliografija 
uz svaki rad. - Registar. 
 
ISBN 978-86-6305-123-2 
 
а) Животна средина -- Зборници б) Екологија -- Зборници 
 
COBISS.SR-ID 69053705 

 



 

 iii 

 

 

 

29
th

 International Conference 

Ecological Truth and Environmental Research 2022 

 

is organized by: 

 

 

UNIVERSITY OF BELGRADE, TECHNICAL FACULTY IN 

BOR (SERBIA) 

 

 

 

Co-organizers of the Conference: 

 

 

University of Banja Luka, Faculty of Technology 

– Banja Luka (B&H) 

 

 

University of Montenegro, Faculty of Metallurgy and Technology 

– Podgorica (Montenegro) 

 

 

University of Zagreb, Faculty of Metallurgy 

– Sisak (Croatia) 

 

 

University of Pristina, Faculty of Technical Sciences  

– Kosovska Mitrovica 

 

 

Association of Young Researchers – Bor (Serbia) 

 



 



 

v 

 

 

 

 

 

 

 

 

 

The Conference is financially supported by 

the Ministry of Education, Science and Technological 

Development of the Republic of Serbia 

 

 

 



 



 

vii 

 

 

 

 

 

 

 

 

 

Platinum Donor of the Conference 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 

ix 

 

HONORARY COMMITTEE 

Dr Petar Paunović, Zaječar (Serbia) 

Prof. Dr Stevan Stanković, Bor (Serbia) 

Prof. Dr Zvonimir Stanković, Bor (Serbia) 

Prof. Dr Velizar Stanković, Bor (Serbia) 

Dragan Ranđelović, Society of Young Researchers – Bor (Serbia) 

Toplica Marjanović, Society of Young Researchers – Bor (Serbia) 

Mihajlo Stanković, Special Nature Reservation of Zasavica, Sremska Mitrovica (Serbia) 

 



 

x 

 

SCIENTIFIC COMMITTEE 

Prof. Dr Snežana Šerbula, President 

Prof. Dr Alok Mittal 

(India) 

Prof. Dr Yeomin Yoon  

(United States of America) 

Prof. Dr Jan Bogaert 

(Belgium) 

Prof. Dr Chang-min Park  

(South Korea) 

Prof. Dr Aleksandra Nadgórska-Socha 

(Poland) 

Prof. Dr Faramarz Doulati Ardejani 

(Iran) 

Prof. Dr Luis A. Cisternas 

(Chile) 

Prof. Dr Ladislav Lazić 

(Croatia) 

Prof. Dr Wenhong Fan 

(China) 

Prof. Dr Natalija Dolić 

(Croatia) 

Prof. Dr Martin Brtnický 

(Czech Republic) 

Prof. Dr Milutin Milosavljević 

(Kosovska Mitrovica) 

Prof. Dr Isabel Maria De Oliveira Abrantes 

(Portugal) 

Prof. Dr Nenad Stavretović 

(Serbia) 

Prof. Dr Shengguo Xue 

(China) 

Prof. Dr Ivan Mihajlović 

(Serbia) 

Prof. Dr Tomáš Lošák 

(Czech Republic) 

Prof. Dr Milovan Vuković 

(Serbia) 

Prof. Dr Maurice Millet 

(France) 

Prof. Dr Nada Blagojević 

(Montenegro) 

Prof. Dr Murray T. Brown 

(New Zealand) 

Prof. Dr Darko Vuksanović 

(Montenegro) 

Prof. Dr Xiaosan Luo 

(China) 

Prof. Dr Irena Nikolić 

(Montenegro) 

Prof. Dr Daniel J. Bain 

(United States of America) 

Prof. Dr Šefket Goletić 

(B&H) 

Prof. Dr Che Fauziah Binti Ishak 

(Malaysia) 

Prof. Dr Džafer Dautbegović 

(B&H) 

Prof. Dr Richard Thornton Baker 

(United Kingdom) 

Prof. Dr Borislav Malinović 

(B&H) 

Prof. Dr Mohamed Damak 

(Tunisia) 

Prof. Dr Slavica Sladojević 

(B&H) 

Prof. Dr Jyoti Mittal 

(India) 

Prof. Dr Nada Šumatić 

(B&H) 

Prof. Dr Miriam Balaban 

(United States of America) 

Prof. Dr Mirjana Rajčić Vujasinović 

(Serbia) 

Prof. Dr Fernando Carrillo-Navarrete 

(Spain) 

Prof. Dr Snežana Milić 

(Serbia) 

Prof. Dr Pablo L. Higueras 

(Spain) 

Prof. Dr Dejan Tanikić 

(Serbia) 

Prof. Dr Mustafa Cetin 

(Turkey) 

Prof. Dr Milan Trumić 

(Serbia) 

Prof. Dr Mauro Masiol 

(Italy) 

Dr Jasmina Stevanović 

(Serbia) 

Prof. Dr George Z. Kyzas 

(Greece) 

Dr Dragana Đorđević 

(Serbia) 

Prof. Dr Mustafa Imamoǧlu 

(Turkey) 

Dr Jelena Milojković 

(Serbia) 

Prof. Dr Petr Solzhenkin (Russia)  



 

xi 

 

ORGANIZING COMMITTEE 

Prof. Dr Snežana Šerbula, President 

Prof. Dr Snežana Milić, Vice President 

Prof. Dr Đorđe Nikolić, Vice President 

Prof. Dr Milica Veličković (Serbia) 

Prof. Dr Danijela Voza (Serbia) 

Prof. Dr Maja Nujkić (Serbia) 

Dr Ana Simonović (Serbia) 

Dr Tanja Kalinović (Serbia) 

Dr Ana Radojević (Serbia) 

Dr Žaklina Tasić (Serbia) 

Dr Jelena Kalinović (Serbia) 

Dr Jelena Milosavljević (Serbia) 

Dr Dragana Medić (Serbia) 

Aleksandra Papludis, MSc (Serbia) 

Sonja Stanković, MSc (Serbia) 

Vladan Nedelkovski, MSc (Serbia) 

Mara Manzalović, English language teacher (Serbia) 

Enisa Nikolić, English language teacher (Serbia) 

 



 



 xiii 

 

PREFACE 

In today’s world, the environment has been endangered by the use of outdated technology, 

fossil fuels and environmental law violations. Therefore, environmental and many other 

scientists all over the world have been concerned about finding sustainable technology in 

resolving these issues. That is why environmental research and ecological truth are at the 

focus of the 29
th

 International Conference Ecological Truth & Environmental Research 2022 

(EcoTER’22), which will be held in Sokobanja, Serbia, 21–24 June 2022. On behalf of the 

Organizing Committee, it is a great honor and pleasure to wish all the participants a warm 

welcome to the Conference. 

We hope to convey the message of the conference, which is that a transformation of attitudes 

and behavior would bring the necessary changes. This is also an opportunity for the 

participants who are experts in this field to exchange their experiences, expertise and ideas, 

and also to consider the possibilities for their collaborative research. 

The 29
th

 International Conference Ecological Truth & Environmental Research 2022 is 

organized by the University of Belgrade, Technical Faculty in Bor, and co-organized by the 

University of Banja Luka, Faculty of Technology, the University of Montenegro, Faculty of 

Metallurgy and Technology – Podgorica, the University of Zagreb, Faculty of Metallurgy – 

Sisak, the University of Pristina, Faculty of Technical Sciences – Kosovska Mitrovica and the 

Association of Young Researchers, Bor. 

These proceedings include 85 papers from the authors coming from the universities, research 

institutes and industries in 6 countries: Bulgaria, Italia, Albania, Bosnia and Herzegovina, 

Montenegro and Serbia.  

As a part of this year's conference, the 4
th

 Student section – EcoTERS’22 is being held. We 

appreciate the contribution of the students and their mentors who have also participated in 

the Conference.  

Financial assistance provided by the Ministry of Education, Science and Technological 

Development of the Republic of Serbia is gratefully acknowledged by the Organizing 

Committee of the EcoTER’22 conference. 

The support of the Platinum donor and their willingness and ability to cooperate have been of 

great importance for the success of EcoTER’22. The Organizing Committee would like to 

extend their appreciation and gratitude to the Platinum donor of the Conference for their 

donation and support. 

We appreciate the effort of all the authors who have contributed to these Proceedings. We 

would also like to express our gratitude to the members of the scientific and organizing 

committees, reviewers, speakers, chairpersons and all the Conference participants for their 

support to EcoTER’22. Sincere thanks go to all the people who have contributed to the 

successful organization of EcoTER’22. 

Prof. Snežana Šerbula, 

President of the Organizing Committee 
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Abstract 

After the Chernobyl accident, the presence of artificial radionuclides in foodstuff, especially in berries 

(blueberries, cranberries etc.), was heightened. Legislative, presented in Rulebook on Radioactivity 

Control of Goods During the Import, Export and Transit (Official Gazette RS, 86/19 and 90/19), 

establishes the mandatory gamma spectrometry measurement of berries, while the limits of 

radionuclide content in these products is defined in the Rulebook on Limits of radionuclide content in 

drinking water, foodstuff, feedstuff, medicines, items of general use, building materials and other 

goods placed on the market (Official Gazette RS, 36/18). At the Radiation and Environment Protection 

Department of the Vinča Institute of Nuclear Sciences, measurements of the radionuclide activity in 

foodstuff are readily performed. In this paper, the results of the investigation of berries in the period 

of 2014 to 2021 are presented along with the amount of this produce that can be ingested by the 

various age groups without exceeding the annual effective dose limit of 0.1 mSv. 

Keywords: radioactivity, gamma spectrometry, berries 

 

INTRODUCTION 

One of the most significant pathways of atmosphere contamination are nuclear tests, which 

were dominant in the period of 1945–2009 as well as the nuclear accidents, especially the one 

on the nuclear reactor in Chernobyl. Due to relatively long half–life of about 30 years, 

radionuclides 
137

Cs and 
90

Sr released in that period are still detectable in the environment. 

These radionuclides belong to a group of so called biologically significant radionuclides 

because they migrate and are easily incorporated in the food chain, thus representing the 

potential danger to all living beings. 

Berries, the group of fruit such as blueberries, cranberries, currants and other, is also called 

forest fruit because it often grows in forests of different origin (for instance, blueberries grow 

mostly in the zone of deciduous, especially beech forests). It is known that this kind of fruit 

accumulates radionuclides, and in this way can cause the contamination of people through the 

food chain: air−earth−plant−animal–man [1]. 

Values of the 
137

Cs activity reported in the literature vary significantly. In blueberries, 

during 2014 values of this radionuclide measured in Checz Republic were 16−87 Bq/kg [2]. 

That same year, in Switzerland, the range of measured values was 30−40 Bq/kg [3], while in 

Italy, during 2021, measured values reached as high as 234 Bq/kg [4]. 
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During 1986, after the Chernobyl accident, on the teritory of former Yugoslavia, measured 

value of 
137

Cs in blueberries was 240 Bq/kg (location of Kupinečki Kraljevac) [5], while 

during 1987, in the city of Zadar, the measured value was 58 Bq/kg [6]. 

Today in the Republic of Serbia, there are two Rulebooks which refer to the radioactivity 

control of berries. The first Rulebook [7], defines the method of the control at the border 

crossing, while the allowed values of the radionuclide activity are stated in the Rulebook [8]. 

Radiation and Environment Protection Department of the Vinča Institute of Nuclear Sciences 

has been measuring radioactivity in the environmental samples such as air, precipitation, 

water, soil, food etc, for years.  

In this paper, radioactivity measurement results of berries in the period of 2014 to 2021 are 

presented, along with the amount of this produce that can be ingested by the various age 

groups without exceeding the annual effective dose limit of 0.1 mSv. 

 

MATERIALS AND METHODS 

Measurement of the fruit samples was conducted in accordance with international 

recommendations [9]. Preparation of the samples of berries consisted of weighing and placing 

the sample into the appropriate measurement geometry (Marinelli beakers). The samples were 

measured in native state. 

The analysis was performed by gamma spectrometry, using three High Purity Germanium 

(HPGe) detectors, with the relative efficiency of 18 %, 20 % and 50 % respectively, produced 

by CANBERRA company. The resolution of the detectors is 1.8 keV on the energy of 

1332 keV. 

The calibration of the detection system was performed using a certified radioactive 

standard in Marinelli beaker, filled with the silica resin matrix produced by Czech Metrology 

Institute, Praha, certificate number 9031−OL−420/12, total activity 71.48 kBq on the day of 

August 31, 2012 (containing 
241

Am, 
109

Cd, 
139

Ce, 
57

Co, 
60

Co, 
137

Cs, 
113

Sn, 
85

Sr,
88

Y and 
203

Hg) 

and Czech Metrology Institute, Praha, certificate number 1035−SE−40845−17 total activity 

80.64 kBq on the day of December 22, 2017 (containing  
241

Am, 
109

Cd, 
139

Ce, 
57

Co, 
60

Co, 
137

Cs, 
113

Sn, 
85

Sr,
88

Y, 
51

Cr and
 210

Pb). 

Measurement results are given with the measurement uncertainty expressed as the 

expanded measurement uncertainty with a coverage factor k=2, which corresponds to a 95 % 

level of confidence for the normal distribution. 

 

RESULTS AND DISCUSSION 

A total of 1038 samples of berries were analyzed in the period from 2014 to 2021. 

Specification of the samples along with measurement results and estimated annual effective 

dose are presented in the Table 1. 

In 1.2 % of the total number of analyzed samples of berries, a certain activity of the 

artificial radionuclide 
137

Cs has been detected, as was expected due to its half life of 30 years 

corresponding to the time that has passed since the Chernobyl accident of 1986. In the 

samples of certain species (currants, strawberries, raspberries and goji berries) the detected 
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activities of 
137

Cs did not exceed the minimal detectable activity (MDA). Minimal measured 

values for all species is equal to the MDA. It can be seen, based on the values presented in the 

Table 1, that the maximal value was measured in blueberries and was (330 ± 20) Bq/kg. The 

maximal average value was also obtained for blueberries and was equal to 70.8 Bq/kg. Due to 

the wide range of the results, spanning from 2.1 Bq/kg to 330 Bq/kg, standard deviation of the 

detected activity was close to 82 Bq/kg. For other species of berries, average value of 
137

Cs 

activity does not vary significantly and is within the range from 11.7 Bq/kg for blackberries to 

18 Bq/kg for chokeberry. Measured activities of 
137

Cs are similar to those found in the 

literature [2−4]. 

 

Table 1 Activity of 
137

Cs in berries samples (A) and effective annual dose (HE) 

Type of berry 

Number 

of 

samples 

Number of 

samples 

with 

A > MDA 

Amax 

[Bq/kg] 

Amin 

[Bq/kg] 

Aavr ± St. 

Dev 

[Bq/kg] 

HE 

[mSv] 

Blueberry 836 174 330 ± 20 <10 70.8 ± 81.7 0.007−0.220 

Cranberry 76 8 50 ± 5 < 8 13 ± 16 0.005−0.033 

Blackberry 32 8 33 ± 6 < 5 11.7 ± 9.8 0.003−0.022 

Currants 27 0 / < 4 / / 

Red mix 27 5 22 ± 3 < 6 11.8 ± 8.9 0.004−0.015 

Strawberry 14 0 / < 4 / / 

Raspberry 14 0 / < 3 / / 

Chokeberry 11 2 24 ± 4 < 6 18.0 ± 8.5 0.004−0.016 

Goji berries 1 0 / < 2 / / 

 

According to the legislative enforced in the Republic of Serbia [8], allowed value of the 
137

Cs content in berries (150 Bq/kg) is exceeded in 1.2 % of tested samples. Measured 

activities in these samples ranged from 150 to 330 Bq/kg and were all detected in the samples 

of blueberries. 

The limits of activity of detected radionuclides is obtained in such a way that ensures that 

the annual effective dose by ingestion for the public does not exceed 0.1 mSv. The annual 

effective dose (HE) is determined according to the following equation: 

 

FAMHE            (1) 

 

where M represents the average annual consumption of the investigated produce in kg,      

A ‒ value of the 
137

Cs activity in the investigated produce in Bq/kg, and F is a dose 

conversion factor for the given radionuclide (Sv/Bq). The values of dose conversion factors 

depend on the age group for which the annual effective dose is calculated and can be found in 

the Annex of the Rulebook on Limits of Radioactive Contamination of People, Working and 

Living Environment and Ways of Performing Decontamination [10]. 
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Since there are no data regarding the annual consumption of berries in the Republic of 

Serbia, based on the allowed activity of 
137

Cs in berries [8] and dose conversion factor for 

different age groups [10], the quantity of berries consumed, which would not lead to the 

exceeding the 0.1 mSv annual effective dose, are calculated. Thus calculated maximal 

allowed consumption for different age groups are presented in the Table 2.  

Using this information, the intervals of the annual effective dose received by each age 

group by consuming the investigated samples in the amounts defined in the Table 2, are 

presented in the last column of the Table 1. 

 

Table 2 The quantity of annual consumption of berries with respect to the population age group 

Age of the population < 1 1−2 2−7 7−12 12−17 > 17 

Dose conversion factor for 
137

Cs, 

F (10
−8 

Sv/Bq) 
2.1 1.2 0.96 1 1.3 1.3 

Annual intake [kg] 31.7 55.6 69.4 66.7 51.3 51.3 

Daily intake [g] 87.0 152.2 190.3 182.6 140.5 140.5 

 

It can be seen from the Table 2, that the estimated intake of berries for the population over 

17 years of age is 51 kg (about 140 g/day), while for babies up to 1 year of age it is close to 

32 kg (about 87 g/day). It is also assumed that the largest amount of berries is consumed by 

the children aged 2‒7 years, about 70 kg per year. 

Table 3 presents the activity concentration of 
137

Cs for different age groups, with respect to 

the estimated annual consumption, that would lead to the exceeding of the 0.1 mSv annual 

effective dose limit. 

 

Table 3 Activity concentration of 
137

Cs in berries samples which leads to the exceeding of the annual 

effective dose limit of 0.1 mSv, with respect to the different amounts of annual consumption and 

population age group 

Annual intake [kg] 36 18 

Age of the population A(
137

Cs) [Bq/kg] 

< 1 132 265 

1−2 231 463 

2−7 289 579 

7−12 278 556 

12−17 214 427 

> 17 214 427 

 

From this estimation it can be concluded that with a smaller intake of 36 kg (about 

100 g/day) or 18 kg (about 50 g/day) persons of 12 years of age and above can safely 

consume even berries that have 
137

Cs activity of 210 Bq/kg and 420 Bq/kg, respectively. 
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Using the same amounts, the population of 2−7 years of age can safely consume berries that 

have 290 Bq/kg and 580 Bq/kg of 
137

Cs, respectively. 

Taking into account that the maximal detected activity of 
137

Cs was 330 Bq/kg, all 

investigated samples may be considered safe for consumption for the population above 1 year 

of age in the amount that does not exceed 18 kg per year. Only 2 of all 1038 investigated 

samples (blueberries) were not safe for consumption for age groups below 2 and above 12 

years of age, in the amounts larger than 36 kg per year. The sample with the maximum 

detected 
137

Cs activity, could be safely consumed by the population of 2–7 years of age, in the 

amounts no larger than 31 kg per year, while for all other age groups, the safe amount would 

be up to 14 kg per year. 

 

CONCLUSION 

In the Radiation and Environment Protection Department of the Vinča Institute of Nuclear 

Sciences, 1038 samples of berries, of which 80 % were blueberries, were analyzed in the 

period from 2014 to 2021. All measured activities of 
137

Cs are similar to those found in the 

literature [2−4]. 

Activities of 
137

Cs that exceed the values allowed by the Rulebook [8] were in the range of 

150−330 Bq/kg and were detected only in the samples of blueberries (total of 12 samples). 

Minimum and maximum average 
137

Cs activity were 11.7 Bq/kg for blackberries and 

70.8 Bq/kg in blueberries, respectively. Due to wide range of detected activities 

(2.1‒330 Bq/kg), standard deviation of 
137

Cs activity in blueberries was close to 82 Bq/kg. In 

all other species of berries, except blueberries, the measured activity was below or equal 

18 Bq/kg. 

It is estimated that by consuming majority of tested samples in the quantities provided for 

certain age groups of the population, the received effective dose would not contribute to the 

increase of the total received annual dose by more than 0.1 mSv. Thus, depending on the age 

and living habits (consumption of certain species of berries), it is safe to consume even those 

berries in which the 
137

Cs activity exceeds the limit of 150 Bq/kg. 

Taking into account that, at the moment of investigation, the information about the 

geographical origin of samples was not available, it is not possible to establish a connection 

between the origin of the sample and the measured 
137

Cs activity. 
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