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Penny bun (Boletus edulis) and chanterelle (Cantharellus cibarius) are fungi used for human con-
sumption in several forms: fresh, thermally treated, or conserved (salted, marinated, pasteur-
ized, dried). Random samples were collected on the territory of the Republic of Serbia in the
period 1999-2018 intended for export to the EU. The presence of 137Cs was noted in each in-
dividual fungi sample. The higher activity level of 137Cs in fresh penny bun samples was noted
in 2001 (25.9 Bqkg), while in fresh chanterelle samples it was noted in 2000 (18.6 Bqkg!).
Marinating the fungi reduced activity levels of 137Cs in relation to the fresh fungi activity, for
penny bun from 1.6 to 12.6 times for a year, while for chanterelle from 0.8 to 14.7 times for a
year. Drying the fungi increases activity levels of 137Cs: for penny bun from 0.04 to 0.29 times
for a year, while for chanterelle from 0.03 to 1.94 times for a year. The values of annual effec-
tive radiation doses were much lower than the recommended values for the population (1

mSv).
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INTRODUCTION

Fungi are the most widespread organisms on
Earth according to the number of species and represent
a special domain, the eukaryote domain [1-3]. Fungi
share plant hormones with plants, while with animals
they share the chitin cell wall, melanin pigment, and
enzymes present in mitochondria [4]. Fungi are toler-
ant of distinctly low or high temperatures, drying, and
antifungal substances. Their growth is influenced by
many external factors: availability of organic matter,
the concentration of hydrogen ions (pH value), tem-
perature, and humidity. The chemical composition of
fungi is complex, it varies and depends on many fac-
tors: soil and climatic conditions, a season of growth,
and maturation. The content of organic compounds
and mineral salts in fungi directly influences their nu-
tritive and biological value [5-8]. Fungi have nutritive
value as they contain: vitamins, amino acids, proteins,
fats, mineral, and aromatic substances, carbohydrates,
lipids, organic acids, and enzymes. Fresh edible fungi
contain up to 95 % water, while the remaining is dry
matter. Proteins are the most significant component of
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fungi participating with 1-4 % in fresh, and 10-45 % in
dry fungi.

In the sixties of the last century research showed
that fungi are good bioindicators and bio monitors of
pollution of the environment with polluting sub-
stances (heavy metals, radionuclides, pesticides) and
responsible for their retention in organic layers of
woodland soil. Fungi have an essential role in the de-
composition of organic matter. Research in the period
before and after the Chernobyl accident (26.4.1986,
Ukraine) proved that they are good bioindicators of ra-
dio pollution [9-13].

According to UNSCEAR data, the radioactive
cloud that formed after the Chernobyl accident included
the territory of SFRY in two waves, and pollution of the
territory with radionuclides was not homogenous. Levels
of total contamination by Chernobyl radioactive fallout
in Yugoslavia were 0.08-6.40 uGyL™!, Eastern Serbia
1.41-2.56 uGyL™, South Serbia 0.45-1.40 pGyL™', and
Central Serbia 0.08-0.44 uGyL™". It was estimated that
during 1986 about 2.4 % of the totally released
radionuclides (without inert gases) were deposited on the
territory of Yugoslavia: 1.3-10'8 Bq '3', 3.0-10'7 Bq !**1,
8.9-10'° Bq *’Cs and 2.0-10'6 Bq '34Cs [14].

Dry or wet fallout is responsible for 1*’Cs one of
the potentially most dangerous radionuclides reaching
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organisms. It is absorbed by ionic exchange, physical
and chemical sorption from the environment. The physi-
cal half-life '¥’Cs is long (30.2 years), while its
physicochemical characteristics are such that it actively
participates in the human and animal food chain through
plants. It bonds with tissue, cells, and molecules like a
protein replacing the natural element potassium. It is the
chemical and biochemical homologue of potassium and
follows its metabolism in organisms. No organ is critical
for 137Cs. It is an organotropic radionuclide, completely
soluble in body fluids, which distributes uniformly in the
organism [15]. Fungi accumulate '*’Cs from the sub-
strate on which they grow, instead of potassium, that be-
sides phosphorous and carbon is one of the most signifi-
cant elements for fungi. They do not have the capability
of differentiating between chemically close elements and
deposit them on different parts in the body [15,16]. Ab-
sorption of '¥’Cs by fungi is influenced by many factors
(species, age, fungi nutrition way, mycelium depth, at-
mospheric fallout, climate, soil characteristics, altitude,
application of artificial fertilizers, physicochemical com-
position, and distribution and availability of
radionuclides in the soil) [17].

Immediately after the Chernobyl accident, high
levels of 37Cs from 6680 Bgkg! (Finland) to 131000
Bgkg ! (Russia) were measured [18-21]. Research has
shown that different fungi species absorb '*’Cs differ-
ently [22]. The Boletus species show a great affinity for
137Cs, while the Cantharellus species accumulate mod-
erate levels of '3’Cs [5, 23]. Different fungi species
were polluted by radiocesium on the territory of SFRY
in a different way, thus black morel (Morchella conica)
and black trumpet (Craterellus cornucopioides) were
polluted more with '3’Cs than penny bun and chan-
terelle [24]. Research has shown that activity levels of
137Cs in fungi decrease with time [25-27].

On average 3000 tons of fungi are collected
yearly on the territory of the Republic of Serbia and
about 60 % are sold to countries in the European Union
[28-31]. According to EU regulations, the activity lev-
els of 37Cs for fungi to be exported to EU countries
need to be lower than 600 Bgkg™' [32]. Due to refined
tastes, nutritional and medicinal values, fungi con-
sumption in many countries in Central and Eastern Eu-
rope is increasing [33-35]. Fungi for human consump-
tion can be used in several forms: fresh, thermally
treated, or conserved (salted, marinated, pasteurized,
dried), and as such, they are exported from Serbia. The
annual average of fresh fungi consumption per inhab-
itant varies in different countries ranges from negligi-
ble amounts to more than 58.4 kg per year [36]. Data
on the annual average fungi consumption per capita
does not exist in Serbia. In Serbia penny bun (Boletus
edulis) and chanterelle (Cantharellus cibarius) are
collected the most and are considered of the best qual-
ity for human consumption. Penny bun grows in de-
ciduous and conifer woods, but also on forest mead-
ows from May to October. Chanterelle grows in dark

deciduous and conifer woods from June to October.
Boletus edulis and Cantharellus cibarius are the best
known and most indicated fungi for radiometric con-
trols of soil and environment [5].

Due to their ability to absorb *’Cs from the soil
and concentrate it in their body [36-38], fungi are un-
avoidable factors of radioecological investigation of
the ecosystem. Monitoring of the environment using
fungi is significant for the evaluation of the radiation
load of the population of a certain area. High activity
levels of 137Cs measured in edible fungi species indi-
cate a potential direct danger for people consuming
them. This danger can grow indirectly through con-
suming venison and game that use fungi in their nutri-
tion [36].

The purpose of this paper is to present activity
levels of '37Cs in fungi collected on the territory of
Serbia in the period 1999-2018 in order to evaluate if
they represent a danger to human health when ob-
served as a complete product consumed by the popula-
tion.

MATERIALS AND METHODS

In the period from 1999 to 2018 in the Institute
for the Application of Nuclear Energy — INEP samples
of 2287 penny bun and chanterelle were analysed in
total, as follows: 457 of fresh, 222 of frozen, 272 of
marinated and 537 of dry penny bun, and also 530 of
fresh, 14 of frozen, 140 of marinated and 115 of dry
chanterelle. Samples were collected on the territory of
Serbia randomly and were intended for export. Activ-
ity levels of '¥’Cs in samples were determined using
the standard gamma spectroscopic method. Samples
were cleaned from visible dirt (soil, grass), homoge-
nized, weighed, and measured in Marinelli vessels of
0.5 and 1.0 dm® volume. The samples were analysed
using the standard gamma spectroscopic method [39].
Calibration of the detector for Marinelli geometry
with 0.5 and 1.0 dm? volume containers, was per-
formed using the calibration standard in the same ge-
ometry, containing a mixture of radionuclides. Energy
calibration and efficiency calibration of the
gamma-spectrometer were performed before mea-
surements using a calibration source containing a mix-
ture of radionuclides with known activity. Detector
calibration was performed using three different radio-
active reference materials in the Marinelli geometry:
Silicone resin (Czech Metrological Institute Praha
(CMI Praha), Cert. No. 1035-SE-40517-17, Type
MBSS 2 (**'Am, 'Cd, ¥Ce, *Co, ®Co, *7Cs,
1138n, 858, 88y, 31Cr), 490.0 g, density: 0.98 + 0.01
gem?, vol. 500.0 +5.0 cm? ref. date 1.9.2017); silicone
resin CMI Praha, Cert. No. 1035-SE-40661/14, Type
MBSS 2 (**'Am, 'Cd, ¥Ce, *Co, ®Co, *7Cs,
1138n, 858, 88y, 31Cr), 490.0 g, density: 0.98 + 0.01
g/cm?, vol. 500.0 + 5.0 cm?, ref. date 1.10.2014; sili-
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cone resin CMI Praha, Cert. No. 9031-OL-420/10,
Type MBSS 2 (**' Am, '%°Cd, '3°Ce, *’Co, °Co, 137Cs,
1138n, 838, 83Y, 203Hg), 985.0g, density: 0.985 + 0.01
gem 3, vol. 1000.0 + 10.0 cm?, ref. date 16.8.2010; and
Vegetation (Inst. Radiological Protection, Belgrade:
QAP 9709, 23.12.2002).

The measurement time of one sample was
3600-60000 seconds. The relative error of sample
preparation and measurement was up to 10 %. The ac-
tivity of 13’Cs was determined using the y-line at the
energy of 661.6 keV-a. Gamma spectroscopic mea-
surements were until 2002 performed on a scintillation
Nal detector ORTEC-CANBERRA efficiency 8.7 %
and resolution 6.7 % for '*’Cs at 661.6 keV, and from
2002 on an HPGe ORTEC/Ametek detector with 8192
channels, resolution 1.65 keV and relative efficiency
of 34 % at 1.33 MeV for ®°Co. The spectra were
analyzed using the Gamma Vision 32 software pack-
age [40].

The annual effective dose, D (Sv), for the popula-
tion due to ingestion from consuming fresh fungi is evalu-
ated based on activity levels of *’Cs, 4, (Bgkg ' fresh
mass), coefficient of dose conversion, DC (SvBq ™), and
annually amount of consumed fresh fungi, m (kg)

D:A137Cs 'Dcm (])

The radiation dose conversion coefficient in-
cludes calculations that contain aspects of human
physiology, radiation physics, time, and spatial depo-
sition of absorbed energy formed due to consuming
products contaminated with radionuclides and for
37Cs itis 1.3 1078 SvBq™' [41, 42].

RESULTS AND DISCUSSION

The average yearly activity levels of 37Cs are
shown in tabs. 1 and 2 for penny bun and chanterelle
samples, fresh, frozen and marinated collected in the
period 1999-2018 in Serbia, including standard devia-
tion, minimal and maximal levels of '*’Cs (Bqkg ™),
and the number of samples.

The presence of '37Cs was noted in all investigated
samples of penny bun and chanterelle. Analysis of the
data shown in tabs. 1 and 2 enabled the conclusion that
the average activity levels of '3’Cs in the period from
1999-2018 in fresh penny bun and chanterelle were:
3.6-25.9 Bgkg!, i. e. 3.0-18.6 Bgkg!. The average ac-
tivity levels of '3’Cs (Bgkg!) in penny bun were:
4.1-16.9 (frozen), 0.9-7.4 (marinated), and 45.9-103
(dry), while in chanterelle they were: 7.0-35.0 (frozen),
0.6-15.4 (marinated), and 41.6-312 (dry). Considering

Table 1. Average activity levels of ¥Cs standard deviation (sd), minimal (min), and maximal (max) values of ¥Cs
[Bqkg™"], number of samples (N.s.) of penny bun: fresh, frozen, marinated, and dry collected on the territory of Serbia in

the period 1999-2018

Penny bun
Fresh Frozen Marinated Dried

Year | Average activity . Average activity - Average activity |, . Average activity -

ST R | TR e TRET
1999.| 20.5+17.4 (42) | 3.0-69.0 | 16.9+9.8(11) | 5.0-38.0 48+2.7(08) |2.0-10.0 100 £93.7 (3) 20.0-503
2000.| 12.2£9.2(55) | 5.0-47.0 | 13.8+7.0(15) | 5.0-23.0 | 52+1.9(24) | 3.0-9.0 | 96.1 £85.7(55) | 15.0-318
2001.| 25.9+26.2(53) | 5.0-116 | 15.8+14.2(19) | 5.0-62.0 | 7.4+59(25) | 3.0-22.0 | 88.8 +86.2(43) | 15.0-298
2002.] 11.8+11.8(52) | 3.0-53.0 | 12.6+8.2(29) | 2.0-30.0 | 59+3.4(31) | 1.0-16.0 | 91.7+83.3(50) | 10.0-297
2003.] 18.5+21.7 (36) | 2.0-117 12.1+7.3(19) | 2.0-27.0 | 45+£29(6) | 1.0-10.0 | 63.7+35.5(43) | 4.0-150
2004.| 14.7 £15.6(32) | 2.0-70.0 8.8+2.5(10) | 6.0-15.0 33+3.8(9) | 1.0-13.0 | 103+ 148 (33) 10.0-877
2005.] 17.0+14.5(26) | 2.0-71.0 | 11.8+6.9(12) | 2.0-22.0 42+2.4 (5 2.0-8.0 | 70.9+52.1(27) | 11.0-265
2006. | 11.5+13.2(22) | 2.0-43.0 11.7+7.6 (7) 5.0-240 | 1.7+05(12) | 0.6-2.0 | 87.0+47.4(29) | 6.0-189
2007.| 7.0+9.6 (25) 0.8-51.0 100£7.7(7) | 2.3-22.0 | 1.7£1.0(18) | 0.5-5.0 | 70.0+54.1 (27) | 11.0-245
2008. | 11.3+12.6 (27) | 1.3-50.0 11.8+9.0 (4) 3.7-23.0 | 09+0.6(10) | 0.3-2.1 59.6£30.3 (17) | 11.0-127
2009.| 124 +12.5(14) | 1.5-42.0 79+11.5(@8) | 0.2-32.0 23+£24(7) 0.4-6.7 | 79.4+52.6(24) | 12.0-242
2010.| 12.5+8.1(13) | 1.5-26.0 79+£79(6) | 2.5-27.0 | 2.7+3.2(25) | 0.2-11.0 | 56.9+47.5(22) | 4.6-240
2011.| 7.7£4.5(5) 1.3-14.0 47+£42(7) 1.0-12.0 | 3.5+3.6(13) | 0492 | 504+425(21) | 11.0-165
2012.] 53+2.0(8) 3.9-9.0 11.9+8.2(12) | 4.9-29.0 1.9+2.5(8) 0.3-7.6 | 45.9+23.7(20) | 11.0-93.0
2013.| 3.6+23(7) 0.5-7.5 120+9.8(7) | 2.0-240 | 22+24(14) | 0.2-6.1 87.5+£112(18) 7.5-383
2014.] 3.6+2.8(5) 0.4-5.9 129+£109(7) | 2.5-31.0 | 1.0+1.0(15) | 0.2-4.0 | 483+30.8(16) | 9.0-103
2015.| 53£79(7) 1.0-23.0 41+25(5) 1.8-8.2 1.2+1.6(7) 0.2-43 | 56.4+36.0(21) | 15.0-145
2016.| 7.3 +£54(11) 0.3-18.0 | 10.0+8.1(11) | 0.8-28.0 | 1.7+£2.1(11) | 0.2-7.3 | 52.9+44.0(33) | 3.5-212
2017.] 5.0+2.0(6) 4.0-8.0 8.8+7.0(7) 1.0-18.0 14+1.1(8) 0.4-3.5 | 63.1+49.4 (13) | 20.0-190
2018.| 4.7+3.4(11) 1.5-12.0 22£1.6(09 0.2-5.3 0.5£0.2(6) 0.2-0.7 | 45.7+52.0(22) | 12.0-256
Total 457 222 272 537
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Table 2. Average activity levels of 137Cs, standard deviation (sd), minimal (min) and maximal (max) values of *’Cs
[qug"], number of samples (N.s.) of chantarelle: fresh, frozen, marinated, and dry collected on the territory of Serbia in

the period 1999-2018

Chantarelle
Fresh Frozen Marinated Dried
Average activit . Average activi . Average activi . Average activi .
Year g y Min-max g ty Min-max g ty Min-max g ty Min-max
+sd [Bakg '] Bake 1 | £sd [Bakg ] Bake ! +sd [Bakg '] Bake ! +sd [Bakg '] Bake !
(N.s.) [Bakg ] (N.s.) [Bakg '] (N.s.) [Bakg '] (N.s.) [Bakg ']
1999. 13.6 £12.7(18) | 5.0-55.0 7.0 (1) 3.1+£0.6 (10) 2.0-4.0 122+62.5(5) | 56.0-197
2000. 18.6 £ 14.6 (55) | 6.0-90.0 --- 6.2+3.9(21) 2.0-15.0 | 101 £71.1(6) | 54.0-204

2001. | 11.8+9.7(51)

5.0-69.0 | 16.7+2.9(3) | 15.0-20.0

154+ 19.6 (17)] 4.0-56.0 | 312+148(6) | 174-489

2002. | 16.4+£20.4(73) | 4.0-96.0 -—-

5.6+ 1.4(44) | 4.09.0 98.0 (1)

2003. | 144 +15.2(52) | 2.0-80.0 10.0 (1)

47+08(6) | 4.0-6.0 198 (1)

2004. | 8.9+13.5(41) | 1.0-85.0 32.0 (1) 33+1.5(4) | 2050 |903+548(4)| 50.0-166
2005. | 872103 (31) | 2.0-42.0 | 15.0£0(2) 2.0 (1) 280+37.1(7) | 208-315
2006. | 10.6+12.3 (34) | 2.0-67.0 35.0 (1) 34+35(9) | 1.0-10.0 | 88.9+9.8(5) | 81.0-102

2007. | 102+8.5(34) | 1.4-43.0 | 27.0+0(2) 27.0 28+26(5) | 1275 |91.9+39.2(9)| 46.0-167
2008. | 8.8+82(17) | 0.6-23.0 0.6 (1) 144 +177(5) | 55.0-459
2009. | 8.1+6.1(24) | 1.2-22.0 294£09(5) | 1741 |69.4+347(5)| 43.0-130
2010. | 13.0+18.7 (24) | 1.4-26.0 1.0£0(2) 1.0 54.6+32.6(5)| 18.0-97.0
2011, | 92+7.1(15) | 2.0-27.0 41.6+132(7)| 25.0-57.0

2012. 4.1£2.0(3) 2.4-6.3 -

0.8 (1)

81.8+41.2(4)| 43.0-131

2013. | 44+26(4) | 2.0-8.0 76.0 (1)
2014. | 40+3.6(8) | 0.6-11.0 740+42.6 (7)| 16.0-124
2015. | 83+64(9) | 0.5-20.0 1.0£09(3) | 04-20 |743+51.8(8)| 40.0-190

2016. | 3.0+60(9) | 0.8-6.0 32.0 (1)

21424(3) | 0.6-49 |942+118(15)| 0.6-465

2017. 4.9 +£4.0 (18) 0.7-18.0 -—-

27+£2.7#4) 0.3-6.5 191 £ 188 (6) | 28.0-487

2018. | 2.6+24(10) | 0.7-8.0

47+47(2) | 14-80

1.6+1.5(4) 0.4-3.7 165.0+282(8)| 26.0-119

Total N.s. 530 14

140 115

that in each individual sample '*’Cs originating from
Chernobyl was noted, this means that pollution of '*’Cs
originating from Chernobyl has expanded to the whole
territory of Serbia.

Analysis of the data shown in tabs. 1 and 2 shows
that the higher average activity level of 13’Cs in sam-
ples of fresh penny bun was noted in 2001 (25.9
Bgkg ), while in samples of fresh chanterelle in 2000
(18.6 Bgkg ). The higher activity level of '*’Cs in
fresh penny bun was measured in 2003 (117 Bgkg™),
while in fresh chanterelle in 2002 (96.0 Bgkg™).

Penny bun and chanterelle are exported from Ser-
bia frozen. Analysis of the data number of samples
(N.s.), presented in tabs. 1 and 2, shows that chanterelle is
exported in a much smaller amount than penny bun. The
higher average activity level of '¥’Cs in samples of
frozen penny bun was noted in 1999 (16.9 Bgkg ™). The
higher activity level of '3’Cs in frozen penny bun was
measured in 2001 (62.0 Bqkg ™). Freezing fungi, penny
bun, and chanterelle resulted in a difference in average
activity levels between frozen and fresh fungi from 0.28
to 2.14 times, i. e. from 0.09 to 1.94 times.

Fungi are most often consumed marinated
(cleaned and washed fungi are blanched, strained,
and covered with a marinating solution containing
12-18 % salt). Analysis of data presented in tabs. 1 and

2 shows that the higher activity levels of '*’Cs were
noted in 2001 in marinated fungi, in penny bun the av-
erage value was 7.4 Bgkg™' (3.0-22.0 Bqkg™!) and in
chanterelle 15.4 Bgkg™' (4.0-56.0 Bqgkg™ ). These re-
sults indicate that marinating fungi reduced activity
levels of '¥’Cs in comparison with the values deter-
mined for fresh fungi, for penny bun from 1.6 to 12.6
times for a year, while for chanterelle from 0.8 to 14.7
times for a year, as a consequence of '3’Cs extraction
by the marinating solution. These results agree with
the research results of other authors [36, 43].

Drying is the oldest and simplest method for
conserving fungi, by removing water from them. The
dry to fresh mass ratio is 0.08 [44]. Analysis of the data
given in tabs. 1 and 2 shows that a higher average ac-
tivity level of 1*7Cs in samples of dried penny bun was
noted in 2004-103 Bgkg ™' (10-877 Bqkg™), while for
chanterelle it was noted in 2001-312 Bqkg ™' (174-489
Bgkg ). Higher levels of activity of '37Cs in dried
samples of both fungi types compared to other samples
are due to a loss of water, i. e. a calculation per mass
unit, that leads to an increase in relation to fresh,
non-hydrated fungi, for penny bun from 0.04 to 0.29
times for a year, while for chanterelle it was from 0.03
to 1.94 times for a year. Activity levels of '¥’Cs in-
crease due to the drying process applied to the fungi.
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Different preparation procedures of dry fungi for hu-
man consumption can reduce the activity levels of
137Cs in them [36, 44].

Analysis of the results presented in tabs. 1 and 2
shows that maximal activity levels of 3’Cs in investi-
gated samples of penny bun and chanterelle were
lower than 600 Bqkg ™!, except in dry fungi collected in
2004, so they could be exported from Serbia to coun-
tries in the EU [32].

The above data show that activity levels are re-
duced in time as a result of radioactive decay of '3’Cs
on one hand, and sorption-desorption processes on the
other. Besides, it leads to the reduction of 1*’Cs content
in fungi. Sorption-desorption processes occur be-
tween the fungi and the soil on which it grows, i. e. wa-
ter from fallout and water from the soil. The presented
results correspond to the investigation results of other
authors [28].

Based on data on activity levels of 1*’Cs in fresh
fungi (penny bun and chanterelle) shown in tabs. 1 and
2, eq. (1) can be used to calculate the annual effective
dose, D (uSv), ingested by a person consuming | kg of
fresh fungi. The annual effective dose, D (uSv), in-
gested by a person consuming | kg of penny bun or
chanterelle is shown in tab. 3, including annual effec-
tive doses for minimal, D,;,, and maximal values
D,..., of activity levels of '3’Cs in fungi. From tab. 3 it
follows that in 2001 the annual effective dose was the
highest if the population consumed 1 kg of fresh penny
bun (0.337 uSv), i. e. in 2000 if the population con-
sumed 1 kg of fresh chanterelle (0.242 uSv). D, was
noted in 2003 for a population consuming 1 kg of

penny bun (1.521 pSv), and in 2002 for a population
consuming 1 kg of chanterelle (1.248 uSv). Due to the
reduction in the '37Cs content in fungi with time, due to
decay and reduction of the content in the soil, their
possible inclusion in nutrition increases. The pre-
sented results show that if an inhabitant of Serbia were
to exceed the value of 1 mSv, they would need to
consume in a year: 6.6 kg penny bun from 2003 i. e.
8.0 kg of chanterelle from 2002 or 29.7 kg penny
bun or 41.3 kg chanterelle from 2018. Our research
also shows that an adult could consume about 13 kg
of fungi per year with an activity level of 3’Cs 600
Bgkg ! and not exceed the yearly recommended value
of 1 mSv. It follows that the values of the annual effec-
tive doses are much lower than the doses recom-
mended for the population (1 mSv) [32], so the effects
on the population health are negligible concerning the
total annual effective dose from natural sources of ion-
izing radiation, that is on average 2.4 mSv worldwide
[45, 46].

CONCLUSION

Penny bun (Boletus edulis) and chanterelle
(Cantharellus cibarius) are used for human consump-
tion in several forms: fresh, thermally treated, or con-
served and as such are exported from Serbia. The pres-
ence of '¥’Cs was determined in each individual
sample of penny bun and chanterelle and this is the
reason why these fungi are unavoidable factors for
radioecological monitoring of the ecosystem. High ac-

Table 3. Annual effective dose, D, [uSv] ingested by a person consuming 1 kg of fresh penny bun or chanterelle, annual
effective dose for minimal, D,;,, and for maximal values, D,,,,, of activity levels of B37Cs in fungi

Penny bun Chanterelle
Year D Diin Dinax D Diin Dinax
[uSv]
1999. 0.267 0.039 0.897 0.177 0.065 0.715
2000. 0.156 0.065 0.611 0.242 0.078 1.170
2001. 0.337 0.065 1.501 0.153 0.065 0.897
2002. 0.153 0.039 0.689 0.213 0.052 1.248
2003. 0.241 0.026 1.521 0.187 0.026 1.040
2004. 0.191 0.026 0.910 0.116 0.013 1.105
2005. 0.221 0.026 0.923 0.113 0.026 0.546
2006. 0.150 0.026 0.559 0.138 0.026 0.871
2007. 0.091 0.010 0.663 0.133 0.018 0.559
2008. 0.147 0.017 0.650 0.114 0.008 0.299
2009. 0.161 0.020 0.546 0.105 0.016 0.286
2010. 0.163 0.020 0.338 0.169 0.018 0.338
2011. 0.100 0.017 0.182 0.120 0.026 0.351
2012. 0.069 0.051 0.117 0.053 0.031 0.082
2013. 0.047 0.007 0.098 0.057 0.026 0.104
2014. 0.047 0.005 0.072 0.052 0.008 0.143
2015. 0.069 0.013 0.299 0.108 0.007 0.260
2016. 0.095 0.004 0.234 0.039 0.010 0.078
2017. 0.065 0.052 0.104 0.064 0.009 0.234
2018. 0.061 0.020 0.156 0.034 0.009 0.104
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tivity levels of '¥’Cs measured in penny bun and
chanterelle indicate a potential direct danger for peo-
ple consuming them. The results obtained indicate that
in time the activity levels of *’Cs reduced in the inves-
tigated fungi. The determined values of annual effec-
tive radiation doses were much lower than the values
recommended for the population (1 mSv).
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Ana A. YYYYJOBUMR, Jenena H. CTAHOJKOBUWH, [paran C. BECEJIMHOBUh

IBAJECETOTOIMNINIBE NCTPAXKUBAIBE PAIMOKOHTAMUMHAIIUIE
JECTUBUX TI'/bBUBA CPBUIE
Hupon aktusnoctn 137Cs u nponemena a03a 3a momynamujy

Bpram (Boletus edulis) u mucuuapka (Cantharellus cibarius) ce KOpUCTH 3a JbYACKY HCXPaHy Y
BUIIle OOJIMKA: CBEXKE, TepMUUKK 0OpabeHe nin KoH3epBupaHe (yco/beHe, MapuHUPaHe, MaCTepU30BaHe,
CyllIeHe) ¥ Kao TakBe ce n3Bo3e u3 Cpouje. Y cBaKOM I0jeIMHAYHOM y30PKY YTBpheHo je nmpucyctso 37Cs,
KOJU je 4epHOOMIBCKOT MOpeKJa U 360r Tora Cy Bpramb M JIMCHYapKa He3a00MJIa3HW YMHUOLM Pajino-
€KOJIOIIKUX UCTTUTHBaka eKocucTeMa. MOHUTOPHUHT KUBOTHE CpeinHe KopuirheneM IIbUBa je BaKaH 3a
NPOLIEHy pajjalioHor onTepehera craHoBHMIITBA OfpeheHor npocropa. Bucoke BpegHOCTH aKTHB-
HocTu °7Cs m3MepeHe y jecTUBMM IbUBaMa, yKa3yjy Ha HOTEHIHU]aHy JUPEKTHY OIIACHOCT IO JbYJIE KOjH UX
kopucre. Pesynratu ynyhyjy 1a ce BDEMEHOM y MCIIUTUBAHUM IUbHBaMa CMambyje HUBO akTuBHOCTH 3/Cs.
BpepHocTr roguimbux e(eKTUBHUX 1033 3paderha Cy MHOTO Mame Off BPEHOCTH MPENOpydYeHuX 3a
cTaHOBHUIITBO (1 mSv)

Kyune peuu: Boletus edulis, Cantharellus cibarius, 137 Cs, 2o0uwma egpexitiuena 0osa



