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Penny bun (Bo letus edulis) and chanterelle (Cantharellus cibarius) are fungi used for hu man con -
sump tion in sev eral forms: fresh, ther mally treated, or con served (salted, mar i nated, pas teur -
ized, dried). Ran dom sam ples were col lected on the ter ri tory of the Re pub lic of Ser bia in the
pe riod 1999-2018 in tended for ex port to the EU. The pres ence of 137Cs was noted in each in -
di vid ual fungi sam ple. The higher ac tiv ity level of 137Cs in fresh penny bun sam ples was noted
in 2001 (25.9 Bqkg–1), while in fresh chanterelle sam ples it was noted in 2000 (18.6 Bqkg–1).
Mar i nat ing the fungi re duced ac tiv ity lev els of 137Cs in re la tion to the fresh fungi ac tiv ity, 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. Dry ing the fungi in creases ac tiv ity lev els 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 val ues of an nual ef fec -
tive ra di a tion doses were much lower than the rec om mended val ues for the pop u la tion (1
mSv).
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IN TRO DUC TION

Fungi are the most wide spread or gan isms on
Earth ac cord ing to the num ber of spe cies and rep re sent 
a spe cial do main, the eukaryote do main [1-3]. Fungi
share plant hor mones with plants, while with an i mals
they share the chitin cell wall, mel a nin pig ment, and
en zymes pres ent in mi to chon dria [4]. Fungi are tol er -
ant of dis tinctly low or high tem per a tures, dry ing, and
antifungal sub stances. Their growth is in flu enced by
many ex ter nal fac tors: avail abil ity of or ganic mat ter,
the con cen tra tion of hy dro gen ions (pH value), tem -
per a ture, and hu mid ity. The chem i cal com po si tion of
fungi is com plex, it var ies and de pends on many fac -
tors: soil and cli ma tic con di tions, a sea son of growth,
and mat u ra tion. The con tent of or ganic com pounds
and min eral salts in fungi di rectly in flu ences their nu -
tri tive and bi o log i cal value [5-8]. Fungi have nu tri tive
value as they con tain: vi ta mins, amino ac ids, pro teins,
fats, min eral, and ar o matic sub stances, car bo hy drates,
lipids, or ganic ac ids, and en zymes. Fresh ed ible fungi
con tain up to 95 % wa ter, while the re main ing is dry
mat ter. Pro teins are the most sig nif i cant com po nent of

fungi par tic i pat ing with 1-4 % in fresh, and 10-45 % in
dry fungi. 

In the six ties of the last cen tury re search showed
that fungi are good bioindicators and bio mon i tors of
pol lu tion of the en vi ron ment with pol lut ing sub -
stances (heavy met als, radionuclides, pes ti cides) and
re spon si ble for their re ten tion in or ganic lay ers of
wood land soil. Fungi have an es sen tial role in the de -
com po si tion of or ganic mat ter. Re search in the pe riod
be fore and af ter the Chernobyl ac ci dent (26.4.1986,
Ukraine) proved that they are good bioindicators of ra -
dio pol lu tion [9-13].

Ac cord ing to UNSCEAR data, the ra dio ac tive
cloud that formed af ter the Chernobyl ac ci dent in cluded
the ter ri tory of SFRY in two waves, and pol lu tion of the
ter ri tory with radionuclides was not ho mog e nous. Lev els 
of to tal con tam i na tion by Chernobyl ra dio ac tive fall out
in Yu go sla via were 0.08-6.40 mGyL–1, East ern Ser bia
1.41-2.56 mGyL–1, South Ser bia 0.45-1.40 mGyL–1, and
Cen tral Ser bia 0.08-0.44 mGyL–1. It was es ti mated that
dur ing 1986 about 2.4 % of the to tally re leased
radionuclides (with out in ert gases) were de pos ited on the 
ter ri tory of Yu go sla via: 1.3×1018 Bq 131I, 3.0×1017 Bq 133I,
8.9×1016 Bq 137Cs and 2.0×1016 Bq 134Cs [14].

Dry or wet fall out is re spon si ble for 137Cs one of
the po ten tially most dan ger ous radionuclides reach ing
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or gan isms. It is ab sorbed by ionic ex change, phys i cal
and chem i cal sorp tion from the en vi ron ment. The phys i -
cal half-life 137Cs is long (30.2 years), while its
physicochemical char ac ter is tics are such that it ac tively
par tic i pates in the hu man and an i mal food chain through
plants. It bonds with tis sue, cells, and mol e cules like a
pro tein re plac ing the nat u ral el e ment po tas sium. It is the
chem i cal and bio chem i cal homologue of po tas sium and
fol lows its me tab o lism in or gan isms. No or gan is crit i cal
for 137Cs. It is an organotropic radionuclide, com pletely
sol u ble in body flu ids, which dis trib utes uni formly in the
or gan ism [15]. Fungi ac cu mu late 137Cs from the sub -
strate on which they grow, in stead of po tas sium, that be -
sides phos pho rous and car bon is one of the most sig nif i -
cant el e ments for fungi. They do not have the ca pa bil ity
of dif fer en ti at ing be tween chem i cally close el e ments and 
de posit them on dif fer ent parts in the body [15,16]. Ab -
sorp tion of 137Cs by fungi is in flu enced by many fac tors
(spe cies, age, fungi nu tri tion way, my ce lium depth, at -
mo spheric fall out, cli mate, soil char ac ter is tics, al ti tude,
ap pli ca tion of ar ti fi cial fer til iz ers, physicochemical com -
po si tion, and dis tri bu tion and avail abil ity of
radionuclides in the soil) [17].

Im me di ately af ter the Chernobyl ac ci dent, high
lev els of 137Cs from 6680 Bqkg–1 (Fin land) to 131000
Bqkg–1 (Rus sia) were mea sured [18-21]. Re search has
shown that dif fer ent fungi spe cies ab sorb 137Cs dif fer -
ently [22]. The Boletus spe cies show a great af fin ity for
137Cs, while the Cantharellus spe cies ac cu mu late mod -
er ate lev els of 137Cs [5, 23]. Dif fer ent fungi spe cies
were pol luted by radiocesium on the ter ri tory of SFRY
in a dif fer ent way, thus black mo rel (Morchella conica)
and black trum pet (Craterellus cornucopioides) were
pol luted more with 137Cs than penny bun and chan-
terelle [24]. Re search has shown that ac tiv ity lev els of
137Cs in fungi de crease with time [25-27].

On av er age 3000 tons of fungi are col lected
yearly on the ter ri tory of the Re pub lic of Ser bia and
about 60 % are sold to coun tries in the Eu ro pean Un ion 
[28-31]. Ac cord ing to EU reg u la tions, the ac tiv ity lev -
els of 137Cs for fungi to be ex ported to EU coun tries
need to be lower than 600 Bqkg–1 [32]. Due to re fined
tastes, nu tri tional and me dic i nal val ues, fungi con -
sump tion in many coun tries in Cen tral and East ern Eu -
rope is in creas ing [33-35]. Fungi for hu man con sump -
tion can be used in sev eral forms: fresh, ther mally
treated, or con served (salted, mar i nated, pas teur ized,
dried), and as such, they are ex ported from Ser bia. The 
an nual av er age of fresh fungi con sump tion per in hab -
it ant var ies in dif fer ent coun tries ranges from neg li gi -
ble amounts to more than 58.4 kg per year [36]. Data
on the an nual av er age fungi con sump tion per ca pita
does not ex ist in Ser bia. In Ser bia penny bun (Bo letus
edulis) and chanterelle (Cantharellus cibarius) are
col lected the most and are con sid ered of the best qual -
ity for hu man con sump tion. Penny bun grows in de -
cid u ous and co ni fer woods, but also on for est mead -
ows from May to Oc to ber. Chanterelle grows in dark

de cid u ous and co ni fer woods from June to Oc to ber.
Bo letus edulis and Cantharellus cibarius are the best
known and most in di cated fungi for ra dio met ric con -
trols of soil and en vi ron ment [5].

Due to their abil ity to ab sorb 137Cs from the soil
and con cen trate it in their body [36-38], fungi are un -
avoid able fac tors of radioecological in ves ti ga tion of
the eco sys tem. Mon i tor ing of the en vi ron ment us ing
fungi is sig nif i cant for the eval u a tion of the ra di a tion
load of the pop u la tion of a cer tain area. High ac tiv ity
lev els of 137Cs mea sured in ed ible fungi spe cies in di -
cate a po ten tial di rect dan ger for peo ple con sum ing
them. This dan ger can grow in di rectly through con -
sum ing ven i son and game that use fungi in their nu tri -
tion [36].

The pur pose of this pa per is to pres ent ac tiv ity
lev els of 137Cs in fungi col lected on the ter ri tory of
Ser bia in the pe riod 1999-2018 in or der to eval u ate if
they rep re sent a dan ger to hu man health when ob -
served as a com plete prod uct con sumed by the pop u la -
tion.

MA TE RI ALS AND METH ODS

In the pe riod from 1999 to 2018 in the In sti tute
for the Ap pli ca tion of Nu clear En ergy – INEP sam ples
of 2287 penny bun and chanterelle were ana lysed in
to tal, as fol lows: 457 of fresh, 222 of frozen, 272 of
mar i nated and 537 of dry penny bun,  and also 530 of
fresh, 14 of frozen, 140  of mar i nated and 115  of dry
chanterelle. Sam ples were col lected on the ter ri tory of
Ser bia ran domly and were in tended for ex port. Ac tiv -
ity lev els of 137Cs in sam ples were de ter mined us ing
the stan dard gamma spec tro scopic method. Sam ples
were cleaned from vis i ble dirt (soil, grass), ho mog e -
nized, weighed, and mea sured in Marinelli ves sels of
0.5 and 1.0 dm3 vol ume. The sam ples were ana lysed
us ing the stan dard gamma spec tro scopic method [39].
Cal i bra tion of the de tec tor for Marinelli ge om e try
with 0.5 and 1.0 dm3 vol ume con tain ers, was per -
formed us ing the cal i bra tion stan dard in the same ge -
om e try, con tain ing a mix ture of radionuclides. En ergy
cal i bra tion and ef fi ciency cal i bra tion of the
gamma-spec trom e ter were per formed be fore mea -
sure ments us ing a cal i bra tion source con tain ing a mix -
ture of radionuclides with known ac tiv ity. De tec tor
cal i bra tion was per formed us ing three dif fer ent ra dio -
ac tive ref er ence ma te ri als in the Marinelli ge om e try:
Sil i cone resin (Czech Metrological In sti tute Praha
(CMI Praha), Cert. No. 1035-SE-40517-17, Type
MBSS 2 (241Am, 109Cd, 139Ce, 57Co, 60Co, 137Cs,
113Sn, 85Sr, 88Y, 51Cr), 490.0 g, den sity: 0.98 ± 0.01
gcm3, vol. 500.0 ± 5.0 cm3 ref. date 1.9.2017); sil i cone
resin CMI Praha, Cert. No. 1035-SE-40661/14, Type
MBSS 2 (241Am, 109Cd, 139Ce, 57Co, 60Co, 137Cs,
113Sn, 85Sr, 88Y, 51Cr), 490.0 g, den sity: 0.98 ± 0.01
g/cm3, vol. 500.0 ± 5.0 cm3, ref. date 1.10.2014; sil i -
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cone resin CMI Praha, Cert. No. 9031-OL-420/10,
Type MBSS 2 (241Am, 109Cd, 139Ce, 57Co, 60Co, 137Cs,
113Sn, 85Sr, 88Y, 203Hg), 985.0g, den sity: 0.985 ± 0.01
gcm–3, vol. 1000.0 ± 10.0 cm3, ref. date 16.8.2010; and 
Veg e ta tion (Inst. Ra dio log i cal Pro tec tion, Bel grade:
QAP 9709, 23.12.2002).

The mea sure ment time of one sam ple was
3600-60000 seconds. The rel a tive er ror of sam ple
prep a ra tion and mea sure ment was up to 10 %. The ac -
tiv ity of 137Cs was de ter mined us ing the g-line at the
en ergy of 661.6 keV-a. Gamma spec tro scopic mea -
sure ments were un til 2002 per formed on a scin til la tion 
NaI de tec tor ORTEC-CAN BERRA ef fi ciency 8.7 %
and res o lu tion 6.7 % for 137Cs at 661.6 keV, and from
2002 on an HPGe ORTEC/Ametek de tec tor with 8192 
chan nels, res o lu tion 1.65 keV and rel a tive ef fi ciency
of 34 % at 1.33 MeV for 60Co. The spec tra were
analyzed us ing the Gamma Vi sion 32 soft ware pack -
age [40].

The an nual ef fec tive dose, D (Sv), for the pop u la -
tion due to in ges tion from con sum ing fresh fungi is eval u -
ated based on ac tiv ity lev els of 137Cs, A137Cs

(Bqkg–1 fresh
mass), co ef fi cient of dose con ver sion, DC (SvBq–1), and
an nu ally amount of con sumed fresh fungi, m (kg)

D A DC m= × ×137Cs
(1)

The ra di a tion dose con ver sion co ef fi cient in -
cludes cal cu la tions that con tain as pects of hu man
phys i ol ogy, ra di a tion phys ics, time, and spa tial de po -
si tion of ab sorbed en ergy formed due to con sum ing
prod ucts con tam i nated with radionuclides and for
137Cs it is 1.3 ×10–8 SvBq–1 [41, 42].

RESULTS AND DIS CUS SION

The av er age yearly ac tiv ity lev els of 137Cs are
shown in tabs. 1 and 2 for penny bun and chanterelle
sam ples, fresh, frozen and mar i nated col lected in the
pe riod 1999-2018 in Ser bia, in clud ing stan dard de vi a -
tion, min i mal and max i mal lev els of 137Cs (Bqkg–1),
and the num ber of sam ples.

The pres ence of 137Cs was noted in all in ves ti gated
sam ples of penny bun and chanterelle. Anal y sis of the
data shown in tabs. 1 and 2 en abled the con clu sion that
the av er age ac tiv ity lev els of 137Cs in the pe riod from
1999-2018 in fresh penny bun and chanterelle were:
3.6-25.9 Bqkg–1, i. e. 3.0-18.6 Bqkg–1. The av er age ac -
tiv ity lev els of 137Cs (Bqkg–1) in penny bun were:
4.1-16.9 (frozen), 0.9-7.4 (mar i nated), and 45.9-103
(dry), while in chanterelle they were: 7.0-35.0 (frozen),
0.6-15.4 (mar i nated), and 41.6-312 (dry). Con sid er ing
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Ta ble 1. Av er age ac tiv ity lev els of 137Cs stan dard de vi a tion (sd), min i mal (min), and max i mal (max) val ues of 137Cs
[Bqkg–1], num ber of sam ples (N.s.) of penny bun: fresh, frozen, mar i nated, and dry col lected on the ter ri tory of Ser bia in
the pe riod 1999-2018

Penny bun

Year

Fresh Frozen Mar i nated Dried

Av er age ac tiv ity
± sd [Bqkg–1]

(N.s.)

Min-max
[Bqkg–1]

Av er age ac tiv ity
± sd [Bqkg–1]

(N.s.)

Min-max
[Bqkg–1]

Av er age ac tiv ity
± sd [Bqkg–1]

(N.s.)

Min-max
[Bqkg–1]

Av er age ac tiv ity
± sd [Bqkg–1]

(N.s.)

Min-max
[Bqkg–1]

1999. 20.5 ± 17.4 (42) 3.0-69.0 16.9 ± 9.8 (11) 5.0-38.0 4.8 ± 2.7 (8) 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 5.2 ± 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 ± 5.9 (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 5.9 ± 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 4.5 ± 2.9 (16) 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 3.3 ± 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 4.2 ± 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) 5.0-24.0 1.7 ± 0.5 (12) 0.6-2.0 87.0 ± 47.4 (29) 6.0-189

2007. 7.0 ± 9.6 (25) 0.8-51.0 10.0 ± 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 0.9 ± 0.6 (10) 0.3-2.1 59.6 ± 30.3 (17) 11.0-127

2009. 12.4  ± 12.5 (14) 1.5-42.0 7.9 ± 11.5 (8) 0.2-32.0 2.3 ± 2.4 (7) 0.4-6.7 79.4 ± 52.6 (24) 12.0-242

2010. 12.5 ± 8.1 (13) 1.5-26.0 7.9 ± 7.9 (16) 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 4.7 ± 4.2 (7) 1.0-12.0 3.5 ± 3.6 (13) 0.4-9.2 50.4 ± 42.5 (21) 11.0-165

2012. 5.3 ± 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 ± 2.3 (7) 0.5-7.5 12.0 ± 9.8 (7) 2.0-24.0 2.2 ± 2.4 (14) 0.2-6.1 87.5 ± 112 (18) 7.5-383

2014. 3.6 ± 2.8 (5) 0.4-5.9 12.9 ± 10.9 (7) 2.5-31.0 1.0 ± 1.0 (15) 0.2-4.0 48.3 ± 30.8 (16) 9.0-103

2015. 5.3 ± 7.9 (7) 1.0-23.0 4.1 ± 2.5 (5) 1.8-8.2 1.2 ± 1.6 (7) 0.2-4.3 56.4 ± 36.0 (21) 15.0-145

2016. 7.3 ± 5.4 (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 1.4 ± 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 2.2 ± 1.6 (9) 0.2-5.3 0.5 ± 0.2 (6) 0.2-0.7 45.7 ± 52.0 (22) 12.0-256

To tal
N.s. 457 222 272 537



that in each in di vid ual sam ple 137Cs orig i nat ing from
Chernobyl was noted, this means that pol lu tion of 137Cs
orig i nat ing from Chernobyl has ex panded to the whole
ter ri tory of Ser bia.

Anal y sis of the data shown in tabs. 1 and 2 shows 
that the higher av er age ac tiv ity level of 137Cs in sam -
ples of fresh penny bun was noted in 2001 (25.9
Bqkg–1), while in sam ples of fresh chanterelle in 2000
(18.6 Bqkg–1). The higher ac tiv ity level of 137Cs in
fresh penny bun was mea sured in 2003 (117 Bqkg–1),
while in fresh chanterelle in 2002 (96.0 Bqkg–1). 

Penny bun and chanterelle are ex ported from Ser -
bia frozen. Anal y sis of the data num ber of sam ples
(N.s.), pre sented in tabs. 1 and 2, shows that chanterelle is 
ex ported in a much smaller amount than penny bun. The
higher av er age ac tiv ity level of 137Cs in sam ples of
frozen penny bun was noted in 1999 (16.9 Bqkg–1). The
higher ac tiv ity level of 137Cs in frozen penny bun was
mea sured in 2001 (62.0 Bqkg–1). Freez ing fungi, penny
bun, and chanterelle re sulted in a dif fer ence in av er age
ac tiv ity lev els be tween frozen and fresh fungi from 0.28
to 2.14 times, i. e. from 0.09 to 1.94 times.

Fungi are most of ten con sumed mar i nated
(cleaned  and  washed fungi are blanched, strained,
and cov ered with a mar i nat ing so lu tion con tain ing
12-18 % salt). Anal y sis of data pre sented in tabs. 1 and

2 shows that the higher ac tiv ity lev els of 137Cs were
noted in 2001 in mar i nated fungi, in penny bun the av -
er age value was 7.4 Bqkg–1 (3.0-22.0 Bqkg–1) and in
chanterelle 15.4 Bqkg–1 (4.0-56.0 Bqkg–1). These re -
sults in di cate that mar i nat ing fungi re duced ac tiv ity
lev els of 137Cs in com par i son with the val ues de ter -
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 con se quence of 137Cs ex trac tion
by the mar i nat ing so lu tion. These re sults agree with
the re search re sults of other au thors [36, 43].

Dry ing is the old est and sim plest method for
con serv ing fungi, by re mov ing wa ter from them. The
dry to fresh mass ra tio is 0.08 [44]. Anal y sis of the data 
given in tabs. 1 and 2 shows that a higher av er age ac -
tiv ity level of 137Cs in sam ples of dried penny bun was
noted in 2004-103 Bqkg–1 (10-877 Bqkg–1), while for
chanterelle it was noted in 2001-312 Bqkg–1 (174-489
Bqkg–1). Higher lev els of ac tiv ity of 137Cs in dried
sam ples of both fungi types com pared to other sam ples 
are due to a loss of wa ter, i. e. a cal cu la tion per mass
unit, that leads to an in crease in re la tion to fresh,
non-hy drated 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. Ac tiv ity lev els of 137Cs in -
crease due to the dry ing pro cess ap plied to the fungi.
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Ta ble 2. Av er age ac tiv ity lev els of 137Cs, stan dard de vi a tion (sd), min i mal (min) and max i mal (max) val ues of 137Cs
[Bqkg–1], num ber of sam ples (N.s.) of chantarelle: fresh, frozen, mar i nated, and dry col lected on the ter ri tory of Ser bia in
the pe riod 1999-2018

Chantarelle

Year

Fresh Frozen Mar i nated Dried

Av er age ac tiv ity
± sd [Bqkg–1]

(N.s.)

Min-max
[Bqkg–1]

Av er age ac tiv ity
± sd [Bqkg–1]

(N.s.)

Min-max
[Bqkg–1] 

Av er age ac tiv ity
± sd [Bqkg–1]

(N.s.)

Min-max
[Bqkg–1]

Av er age ac tiv ity
± sd [Bqkg–1]

(N.s.)

Min-max
[Bqkg–1]

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 15.4 ± 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) 4.0-9.0 98.0 (1) ---

2003. 14.4 ± 15.2 (52) 2.0-80.0 10.0 (1) --- 4.7 ± 0.8 (6) 4.0-6.0 198 (1) ---

2004. 8.9 ± 13.5 (41) 1.0-85.0 32.0 (1) --- 3.3 ± 1.5 (4) 2.0-5.0 90.3 ± 54.8 (4) 50.0-166

2005. 8.7 ± 10.3 (31) 2.0-42.0 15.0 ± 0 (2) 15.0 2.0 (1) --- 280 ± 37.1 (7) 208-315

2006. 10.6 ± 12.3 (34) 2.0-67.0 35.0 (1) --- 3.4 ± 3.5 (9) 1.0-10.0 88.9 ± 9.8 (5) 81.0-102

2007. 10.2 ± 8.5 (34) 1.4-43.0 27.0 ± 0 (2) 27.0 2.8 ± 2.6 (5) 1.2-7.5 91.9 ± 39.2 (9) 46.0-167

2008. 8.8 ± 8.2 (17) 0.6-23.0 --- --- 0.6 (1) --- 144 ± 177 (5) 55.0-459

2009. 8.1 ± 6.1 (24) 1.2-22.0 --- --- 2.9 ± 0.9 (5) 1.7-4.1 69.4 ± 34.7 (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. 9.2 ± 7.1 (15) 2.0-27.0 --- --- 0.8 (1) --- 41.6 ± 13.2 (7) 25.0-57.0

2012. 4.1 ± 2.0 (3) 2.4-6.3 --- --- --- --- 81.8 ± 41.2 (4) 43.0-131

2013. 4.4 ± 2.6 (4) 2.0-8.0 --- --- --- --- 76.0 (1) ---

2014. 4.0 ± 3.6 (8) 0.6-11.0 --- --- --- --- 74.0 ± 42.6 (7) 16.0-124

2015. 8.3 ± 6.4 (9) 0.5-20.0 --- --- 1.0 ± 0.9 (3) 0.4-2.0 74.3 ± 51.8 (8) 40.0-190

2016. 3.0 ± 6.0 (9) 0.8-6.0 32.0 (1) --- 2.1 ± 2.4 (3) 0.6-4.9 94.2 ± 118 (15) 0.6-465

2017. 4.9 ± 4.0 (18) 0.7-18.0 --- --- 2.7 ± 2.7 (4) 0.3-6.5 191 ± 188 (6) 28.0-487

2018. 2.6 ± 2.4 (10) 0.7-8.0 4.7 ± 4.7 (2) 1.4-8.0 1.6 ± 1.5 (4) 0.4-3.7 65.0 ± 28.2 (8) 26.0-119

To tal N.s. 530 14 140 115



Dif fer ent prep a ra tion pro ce dures of dry fungi for hu -
man con sump tion can re duce the ac tiv ity lev els of
137Cs in them [36, 44].

Anal y sis of the re sults pre sented in tabs. 1 and 2
shows that max i mal ac tiv ity lev els of 137Cs in in ves ti -
gated sam ples of penny bun and chanterelle were
lower than 600 Bqkg–1, ex cept in dry fungi col lected in 
2004, so they could be ex ported from Ser bia to coun -
tries in the EU [32].

The above data show that ac tiv ity lev els are re -
duced in time as a re sult of ra dio ac tive de cay of 137Cs
on one hand, and sorp tion-desorption pro cesses on the
other. Be sides, it leads to the re duc tion of 137Cs con tent 
in fungi. Sorp tion-desorption pro cesses oc cur be -
tween the fungi and the soil on which it grows, i. e. wa -
ter from fall out and wa ter from the soil. The pre sented
re sults cor re spond to the in ves ti ga tion re sults of other
au thors [28].

Based on data on ac tiv ity lev els of 137Cs in fresh
fungi (penny bun and chanterelle) shown in tabs. 1 and 
2, eq. (1) can be used to cal cu late the an nual ef fec tive
dose, D (µSv), in gested by a per son con sum ing 1 kg of
fresh fungi. The an nual ef fec tive dose, D (µSv), in -
gested by a per son con sum ing 1 kg of penny bun or
chanterelle is shown in tab. 3, in clud ing an nual ef fec -
tive doses for min i mal, Dmin, and max i mal val ues
Dmax, of ac tiv ity lev els of 137Cs in fungi. From tab. 3 it
fol lows that in 2001 the an nual ef fec tive dose was the
high est if the pop u la tion con sumed 1 kg of fresh penny 
bun (0.337 µSv), i. e. in 2000 if the pop u la tion con -
sumed 1 kg of fresh chanterelle (0.242 µSv). Dmax was
noted in 2003 for a pop u la tion con sum ing 1 kg of

penny bun (1.521 µSv), and in 2002 for a pop u la tion
con sum ing 1 kg of chanterelle (1.248 µSv). Due to the
re duc tion in the 137Cs con tent in fungi with time, due to 
de cay and re duc tion of the con tent in the soil, their
pos si ble in clu sion in nu tri tion in creases. The pre -
sented re sults show that if an in hab it ant of Ser bia were
to  ex ceed  the  value  of  1 mSv, they would need to
con sume  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 re search
also  shows  that  an adult could con sume about 13 kg
of  fungi  per  year  with  an  ac tiv ity  level  of  137Cs  600
Bqkg–1 and not ex ceed the yearly rec om mended value
of 1 mSv. It fol lows that the val ues of the an nual ef fec -
tive doses are much lower than the doses rec om -
mended for the pop u la tion (1 mSv) [32], so the ef fects
on the pop u la tion health are neg li gi ble con cern ing the
to tal an nual ef fec tive dose from nat u ral sources of ion -
iz ing ra di a tion, that is on av er age 2.4 mSv world wide
[45, 46].

CON CLU SION

Penny bun (Bo letus edulis) and chanterelle
(Cantharellus cibarius) are used for hu man con sump -
tion in sev eral forms: fresh, ther mally treated, or con -
served and as such are ex ported from Ser bia. The pres -
ence of 137Cs was de ter mined in each in di vid ual
sam ple of penny bun and chanterelle and this is the
rea son why these fungi are un avoid able fac tors for
radioecological mon i tor ing of the eco sys tem. High ac -
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Ta ble 3. An nual ef fec tive dose, D, [µSv] in gested by a per son con sum ing 1 kg of fresh penny bun or chanterelle, an nual
ef fec tive dose for min i mal, Dmin, and for max i mal val ues, Dmax, of ac tiv ity lev els of 137Cs in fungi

Year

Penny bun Chanterelle

D Dmin Dmax D Dmin Dmax

[µSv]

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



tiv ity lev els of 137Cs mea sured in penny bun and
chanterelle in di cate a po ten tial di rect dan ger for peo -
ple con sum ing them. The re sults ob tained in di cate that 
in time the ac tiv ity lev els of 137Cs re duced in the in ves -
ti gated fungi. The de ter mined val ues of an nual ef fec -
tive ra di a tion doses were much lower than the val ues
rec om mended for the pop u la tion (1 mSv).
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DVADESETOGODI[WE  ISTRA@IVAWE  RADIOKONTAMINACIJE
JESTIVIH  GQIVA  SRBIJE

Nivoi  aktivnosti  137Cs  i  procewena doza  za  populaciju

Vrgaw (Bo letus edulis) i lisi~arka (Cantharellus cibarius) se koristi za qudsku ishranu u
vi{e oblika: sve`e, termi~ki obra|ene ili konzervirane (usoqene, marinirane, pasterizovane,
su{ene) i kao takve se izvoze iz Srbije. U svakom pojedina~nom uzorku utvr|eno je prisustvo 137Cs,
koji je ~ernobiqskog porekla i zbog toga su vrgaw i lisi~arka nezaobilazni ~inioci ra dio-
ekolo{kih ispitivawa ekosistema. Mon i tor ing `ivotne sredine kori{}ewem gqiva je va`an za
procenu radijacionog optere}ewa stanovni{tva odre|enog prostora. Visoke vrednosti aktiv-
nosti 137Cs izmerene u jestivim gqivama, ukazuju na potencijalnu direktnu opasnost po qude koji ih
koriste. Rezultati upu}uju da se vremenom u ispitivanim gqivama smawuje nivo aktivnosti 137Cs.
Vrednosti godi{wih efektivnih doza zra~ewa su mnogo mawe od vrednosti preporu~enih za
stanovni{tvo (1 mSv)

Kqu~ne re~i: Bo letus edulis, Cantharellus cibarius, 137Cs, godi{wa efektivna doza


