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Abstract. The aim of the study is the investigation of the activity concentration of 137Cs and 4°K in blueberry-based
products that are available on the market in the Republic of Serbia. Samples were bought in stores during September
2017 and in total, ten packaged juices, two jams, two sweets and a fresh wild blueberry were measured. The activity
concentrations of 37Cs in blueberry-based juices, jams and sweets varied from <MDA to 4.1 Bq/kg, <MDA to 21 Bq/kg
and 0.6 Bq/kg to 28 Bq/kg, respectively. The average activity concentration of 137Cs in fresh wild blueberry was 4.1
Bq/kg. In Serbia, the recommended activity concentration of 137Cs in juices and sweets is 15 Bq/kg and 150 Bq/kg in
Jresh blueberries. The tested samples of juices, jams, fresh wild blueberry and one of the sweets meet the set criteria
Jor 137Cs while one sweets sample exceeds the limit. The activity concentrations of 4°K in juices, jams and sweets
varied from 3.5 to 55 Bq/kg, 13.9 to 19.2 Bq/kg and 17.2 to 227 Bq/kg, respectively. The average activity concentration
of 49K in fresh wild blueberry was 32 Bq/kg. With the obtained result the annual effective dose equivalent due to
ingestion of blueberry-based products for adults was calculated, and for 137Cs in blueberry-based juices, jams, sweets
and fresh wild blueberry varied from 0.2 to 2.5 uSv, 2.8 uSv, 0.4 to 17.0 uSv and 2.5 uSv, respectively. The annual
effective dose equivalent for 4°K in blueberry-based juices, jams, sweets and fresh wild blueberry varied from 1.0 to
16.0 uSv, 1.2 uSv, 5.0 to 66.0 uSv, and 9.3 uSv, respectively.
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1. INTRODUCTION

The 1986 nuclear accident in the Chernobyl power
plant left a great impact on the world through a
massive contamination of the environment by artificial
radionuclides [1]. The total deposition of 37Cs in Serbia
after the accident was estimated to 5 kBq/mz2. Thirty
years later, 37Cs is still present in the natural
ecosystems and it can be seen as a secondary source of
contamination of plants and their fruits [2].
Blueberries, forest edible berries, are abundant in
vitamins, minerals and other elements beneficial to
humans. Blueberries have an extraordinary nutritional
and pharmaceutical value and they are considered to
be today’s “super fruits” [3]. Forest blueberries are
among the foods that contain post-Chernobyl 37Cs.
Ingestion of foods, beverages and water that contain
radioactive elements such as 17Cs are the main
contributors to the internal exposure to radiation [4].

In the summer of 2017, Laboratory of the
Department of Radiobiology with Radiation Hygiene,
at the Faculty of Veterinary Medicine, University of
Belgrade, received a sample of concentrated blueberry
juice. In this sample, activity concentration of 137Cs was
53 Bq/l. Activity concentrations for radionuclides are
given in the Official Gazette of the Republic of Serbia
(2018), and the permitted limit for 37Cs in alcoholic
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and non-alcoholic beverages is 15 Bq/l. The
investigated sample was not allowed on the market,
and it raised a question of safety of blueberry-based
products in Serbia.

The aim of this paper is to investigate the activity
concentration of 37Cs and naturally occurring 4°K, and
to calculate the annual effective dose equivalent which
an adult person can receive from ingestion of
blueberry-based products on the market in Serbia.

2. MATERIALS AND METHODS

Activity concentrations of 137Cs and 4°K were
determined in blueberry-based products available on
the market in Belgrade, the capital of the Republic of
Serbia. Samples, 15 in total, were bought in stores
during September 2017. The samples were weighed
and then packaged— juices and one fresh wild
blueberry in 1 1 Marinelli beakers, two jams and two
sweets in 450 ml Marinelli beakers.

A content of the investigated radionuclides in the
samples was determined by gamma spectrometry on a
High Purity Germanium detector (Ortec, USA) with a
relative efficiency of 30 % and the energy resolution of
1.85 keV (1332.5 keV ©Co). The detector efficiency
calibration was performed for different geometries and
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different matrices, in accordance with the measured
sample type.

We used commercially available standards with
mixed radionuclides:

- 241Am, 133Ba, 109Cd, 139Ce, 5Co, °Co, 137Cs,5Mn,
138n,858r, 88Y, dispersed in silicone resin in Marinelli
beaker, density (0.98+0.01) g/cms3, volume 1 1; and

- 241Am, 199Cd, 139Ce, 57Co, %°Co, 137Cs, 13Sn, 85Sr,
88Y, dispersed in silicone resin in Marinelli beaker,
density (1.22+0.01) g/cms3, volume 11.

- 241Am, 109Cd, 139Ce, 57Co, ®°Co, 137Cs, 113Sn,85Sr, 88Y,
dispersed in silicone resin in Marinelli beaker, density
(0.98+0.01) g/cms3, volume 450 ml.

The counting time for the samples, as well as for the
background, was 60,000 s. The MDA value for
radiocaesium is < 0.1 Bq/kg.

The activities of 4°K and 37Cs were derived from
1460.8 keV and 661.66 keV gamma lines, respectively.

The analysis of the measured gamma spectra was
performed by a software program GAMMA VISION®
32 (Ortec, USA).

The average annual effective dose equivalent that
an individual receives due to the radionuclides
ingestion by consumption of contaminated blueberry-
based products was calculated using the following
formula [5]:

Eingp - Cp,i ’ Hp ’ DEng )

where: Eingp is the annual effective dose from the
consumption of nuclide i in foodstuff p (Sv/a), Cp, is
the concentration of radionuclide i in foodstuff p at the
time of consumption (Bq/kg), Hp is the consumption
rate for foodstuff p (kg/a), DFing is the dose coefficient
for the ingestion of radionuclide i (Sv/Bq), and its value
for 137Cs is 1.3 x 1078 Sv/ Bq and for 4°K is 6.2 x 1079
[6].

The calculated annual intake of juices, based on the
data given in [77], was 0.128 1 per day. Since no data for
annual intake of jams and sweets are given in the
bulletin report [7], calculations for average annual
effective dose equivalent ware made using the weight of
a standardized jam packing for hotels which is 0.028
kg, and assuming this as a minimal daily intake of jams
and sweets.

3. RESULTS AND DISCUSSION

Activity concentrations of 37Cs and 4°K in the
collected samples are shown in Table 1. Samples are
grouped according to their blueberry percentage.

Potassium-40 was detected in all the collected
samples. Its activity concentration was 3.5-55 Bq/kg
for juices, 13.9-19.2 Bq/kg for jams, 17.2-227 Bq/kg for
sweets and 32 Bq/kg for the fresh wild blueberry
sample.

Article 12 of the Rulebook on limits of radionuclide
content in drinking water, foodstuffs, feeding stuffs,
medicines, general use products, construction
materials and other goods that are put on market [5]
states that the limits of the content of 37Cs in non-
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alcoholic beverages and sweets is 15 Bq/1 or 15 Bq/kg,
and for fresh blueberries is 150 Bq/kg. Our results for
the 137Cs activity in juices ranged from minimal
detectable activity (MDA) to 4.1 Bq/kg and in a fresh
wild blueberry it was 4.1 Bq/kg, making these products
safe for consumption as they did not exceed the given
limit. For comparison, results presented by [8] for
bottled fruit juices in Nigeria, also showed no presence
of 137Cs.

Table 1. Specific activities (Bq/kg) of 137Cs and 4°K in
blueberry-based samples

Sample 137Cs (Bq/kg) | 4°K (Bq/kg)
Juices
Blueberry 25% 3.9+ 0.1 17.8 +0.8
Blueberry 25.5% < MDA 13.5+ 0.5
Blueberry 26% < MDA 24 +1
Blueberry 5% < MDA 19.7 £ 0.7
Blueberry 12% 0.8+0.1 10.1+ 0.7
Blueberry 6.2% 0.4+ 0.1 14.3 £ 0.6
Blueberry 0.5% < MDA 3.5+ 0.3
Blueberry 20% 0.9 £ 0.1 55+1
Blueberry 3.9% 0.9 £ 0.1 44 +3
Blueberry syrup 100% 4.1+0.1 7.1+ 0.4
Jams
Blueberry 55% 21+1 19.2 £ 0.8
Blueberry 25.5% < MDA 13.9+ 0.8
Sweets
Blueberry 100% 0.6 £ 0.1 17.2 £ 0.7
Blueberry dessert 7% 28 +1 227+ 7
Fresh wild blueberry 4.1+ 0.2 32+1

The activity concentration of :37Cs in one sweet was
28 Bq/kg which is 1.9 times higher than the allowed
limit making this product unsuitable for consumption.

The two samples of jams showed different results:
the measured activity concentration of caesium-137
was below the MDA, but the other sample showed the
activity concentration of 21 Bq/kg. A particular issue
here is that jams are classified under sweets so the
investigated sample exceeds the limit given by the
Rulebook.

Based on the obtained result for the activity
concentrations of 137Cs and 4°K, the average annual
effective dose equivalent for adults was calculated and
presented in Table 2.

The values calculated for the average annual
effective dose equivalent due to ingestion of this
blueberry-based products for both 137Cs and 4°K, for an
individual adult person were below the recommended
level of 100 uSv (0.1 mSv) given in Article 5 of the
Rulebook on limits of radionuclide content in drinking
water, foodstuffs, feeding stuffs, medicines, general use
products, construction materials and other goods that
are put on market [5], making all of the products safe
for consumption.

If we assume that all the measured 37Cs activity
concentration derives from the blueberries used for
making the products, then we can calculate, using a
simple proportion, the activity of 37Cs in fresh
blueberries. The comparison of the 37Cs activity
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concentration in products and blueberries used for
their production is given in Table 3. Products that are
declared as 100% blueberry and the ones that have
137Cs activity below MDA were excluded from this
calculation.

Table 2. Annual effective dose equivalent (uSv) from the
ingestion of 137Cs and 4°K for an adult person who consumes
0.128 1 of juice and 0.028 kg of jams and sweets

Sample 137Cs (uSv) 40K (uSv)
Juices
Blueberry 25% 2.4 5.2
Blueberry 25.5% / 3.9
Blueberry 26% / 7.0
Blueberry 5% / 5.7
Blueberry 12% 0.5 2.9
Blueberry 6.2% 0.2 4.1
Blueberry 0.5% / 1.0
Blueberry 20% 0.9 16.0
Blueberry 3.9% 0.5 12.7
Blueberry syrup 100% 2.5 2.1
Jams
Blueberry 55% 2.8 1.2
Sweets
Blueberry 100% 0.4 5.0
Blueberry dessert 7% 17.0 66.0
Fresh wild blueberry 2.5 9.3
Table 3. Specific activities of 137Cs in
products and used blueberries
Measured Calculated
activity of activity of
Sample 137Cs in 137Cs in fresh
products blueberries
(Bgq/kg) (Bgq/kg)
Juices
Blueberry 25% 3.9+ 0.1 15.6
Blueberry 12% 0.8+0.1 6.7
Blueberry 6.2% 0.4 £ 0.1 6.5
Blueberry 20% 0.9 £ 0.1 4.5
Blueberry 3.9% 0.9 £ 0.1 23.1
Jams
Blueberry 55% | 2141 | 38.2
Sweets
Blueberry dessert 7% | 28 +1 | 400

Calculated activities show that all the hypothetical
blueberries used for making the sampled juices were
safe for consumption. The activity concentration of
137Cs in hypothetical blueberries used in producing the
debatable jam is 38.2 Bq/kg making them safe for
consumption. The importance of investigating the
radioactivity modification during culinary preparation
of forest berries has already been emphasized and a
processing factor for cooking jam found to be 0.5 [9],
which corresponds to our results. Hypothetical
blueberries used in producing the sweet exceeded the
given limit which would make them unsafe for
consumption. The calculated activities concentration of
137Cs in fresh blueberries is in good agreement with [4].

4. CONCLUSION

Gamma-spectrometric analysis of blueberry-based
products can indicate whether contaminated
blueberries are used in food processing, and give an
insight into the 37Cs burden of blueberries. It can also
show how different methods of processing can reduce
or increase the activity of 37Cs in finished products.

Since jams are classified under sweets, their 37Cs
content limit is 15 Bq/kg. On the other hand, the limit
for fresh blueberries is 10 times higher (150 Bq/kg).
Knowing that the processing factor for cooking jam is
0.5 it can be concluded that the limits for fresh
blueberries should not be over 30 Bq/kg. Calculated
average annual effective dose equivalent showed that
even the products that exceeded the activity
concentration limit for 137Cs are safe for consumption.
In our opinion, it is important to introduce changes in
the Rulebook, either to lower the limit for 137Cs activity
in fresh blueberries, or to categories jams differently.
Furthermore, we would like to highlight the necessity
to perform radioactivity analyses of different products
to determine their safety for consumption.

Acknowledgements: This paper is a part of the
research done within the projects “Development of
technology and products based on mineral raw
materials and biomass for protecting the food
resources” (No. TR31003), “Development of
technological processes for obtaining of ecological
materials based on non-metallic minerals”
(No.TRo34013) and “Climate changes and their
influence on the environment: impacts, adaptation
and mitigation” (No. 43007) financed by the Ministry
of Education, Science and Technological Development
of the Republic of Serbia (2011-2018).

REFERENCES

1. Yu. I. Bandazhevsky, “Radioactive cesium incorporation
into the human or animal organism, reasons and
governing factors,” in Medical and biological effects of
radiocesium incorporated into the human organism,
Minsk, Belarus: The Institute of Radiation Safety
“BELRAD”, 2000, ch. 1, sec. 1, p. 5.

Retrieved from: http://enfants-tchernobyl-
belarus.org/extra/pdf-divers/etb-094.pdf
Retrieved on: Nov. 15, 2018.

2. B. Mitrovi¢ et al., “137Cs and 4°K in some traditional
herbal teas collected in the mountain region of Serbia,”
Isotopes Environ. Health Stud., vol. 50, no. 4,
pPP- 538 — 545, Oct. 2014.

DOI: 10.1080/10256016.2014.964233
PMid: 25322769

3. N.S. Peterson, “Cultural Competence in the Prevention
and Treatment of Cancer: The Case of Blueberries in
North America,” Adv. Anthropol, vol. 3, no. 2,
pp. 65 — 70, May 2013.

DOI: 10.4236/2a.2013.32009

4. N.B. Sarap, D.J. Todorovic, M.M. Jankovic,
J.D. Nikolic, M.M. Rajacic, “Determination of
radiocaesium in blueberries,” in Proc. Fourth
International Agronomic Symposium (Agrosym 2013),
Jahorina, Bosnia and Herzegovina, 2013, pp. 781 — 785.
Retrieved from: http://www.agrosym.rs.ba/agrosym/ag
rosym 2013/documents/4epnm/ep6.pdf;

Retrieved on: Dec. 10, 2018

87



B. Vranjes et al., 137Cs and 4°K in blueberry-based products, RAD Conf. Proc., vol. 3, 2018, 85—88

5.

88

Arennuja 3a 3amrTuTy of joHusyjyhux spadema u
HykJIeapHy curypHocT Cpbuje. (10.5.2018). Ca. 2nacHuk
6p. 36/2018 IIpasuaHux o epaHuyama cadpxcaja

paduonyxauda y eodu 3a nuhe, HCUBOMHUM
HamupHuyama, CIMoYHOjJ xpauu, nekosuma,
npedmemuma onwme ynompebe, epaljesuHckoM

Mmamepujany u 0pya0j pobu Koja ce cmasaa y npomem.
(Agency for Protection from Ionizing Radiation and
Nuclear Safety of Serbia. (May, 10, 2018). Official
Gazette no. 36/2018 Rulebook on limits of
radionuclides content in drinking water, foodstuffs,
feeding stuffs, medicines, general use products,
construction materials and other goods that are put on
market.)

Retrieved from: http://www.pravno-informacioni-
sistem.rs/SlGlasnikPortal/reg/viewAct/0cocagc4-4afa-
4ede-affg-6faeb88f184c;

Retrieved on: May 25, 2018

Agencija za zastitu od jonizujuéeg zracenja i nuklearnu
sigurnost Srbije. (31.05.2011.). SL glasnik br. 38/2011
Pravilnik o granicama radioaktivne kontaminacije
lica, radne i Zivotne sredine i nacinu sprovodenja
dekontaminacije. (Agency for Protection from Ionizing
Radiation and Nuclear Safety of Serbia. (May, 31 2011).
Official Gazette no. 38/2011 Rulebook on limits of
radioactive contamination of people, work and living
environment and ways of  performing
decontamination.)

7.

Retrieved from:
http://www.srbatom.gov.rs/srbatom/doc/vazeca_akta
PRAVILNIK%200%20GRANICAMA%20RADIOAKTIV
NE%20KONTAMINACIJE%20LICA,%20RADNE %201
2%20ZIVOTNE%20SREDINE%201%20NACINU%20SP
ROVODJENJA%20DEKONTAMINACIJE%20(S1.%20g
lasnik%20RS,%20br.%2038-2011)%20-%20LAT.pdf;
Retrieved on: Sep. 10, 2016

Ankema o nompowmwu Oomahuncmea 2016,
Peny6iMuKy 3aBOZ 3a CTAaTUCTHKY, Beorpax, Cpbuja,
2017. (Household Budget Survey 2017, Statistical office
of the Republic of Serbia, Belgrade, Serbia, 2017.)
Retrieved from: http://pod2.stat.gov.rs/ObjavljenePubl
ikacije/G2017/pdf/G20175627.pdf;

Feb. 20, 2018

A. E. Adeiji, O. O. Altatise, A. C. Nwanya, “Radionuclide
concentration in some fruit juices produced and
consumed in Lagos, Nigeria,” Am. J. Environ. Prot.,
vol. 2, no. 2, pp. 37 — 41, Apr. 2013.

DOLI: 10.11648/j.ajep.20130202.11

J. Kenigsberg et al., “Exposures from consumption of
forest produce,”in Proc. of the 1t international
conference The radiological consequences of the
Chernobyl accident (INIS-BY), Minsk, Belarus, 1996,
pp. 271 — 281.

Retrieved from: https://inis.iaea.org/collection/NCLCo
llectionStore/ Public/31/056/31056858.pdf?r=1&r=1;

Retrieved on: Jan. 12, 2018




