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The pa per pres ents the re sults of radionuclides de ter mi na tion in moss (Homolothecium sp.,
Hypnum Cupressiforme sp., and Brachythecium sp.) and li chen (Cladonia sp.) sam pled in the re -
gion of East ern Ser bia dur ing 1996-2010.  The ac tiv i ties in moss are in the range of 100-500
Bq/kg d. w. for 40K, and 5-50 Bq/kg d. w. for 226Ra and 232Th, while the “soil-to-moss” trans fer
fac tors are 0.45 for 40K, 3 for 226Ra, and 0.3 for 232Th. The spa tial dis tri bu tion of the 137Cs ac -
tiv i ties is highly non-uni form; some val ues reach 500 Bq/kg d. w., with less than 10% of the
sam ples, mainly the ones taken prior to 2000, with the ac tiv ity above 1000 Bq/kg d. w. The vari -
a tions in the con tent of nat u ral radionuclides among the moss spe cies are not sig nif i cant. The
fre quency pat tern of the ac tiv i ties of nat u ral radionuclides in li chen is sim i lar to the one in moss, 
but the ac tiv i ties in li chen are to some ex tent lower. The mean ac tiv ity of 137Cs in li chen is be low
400 Bq/kg d. w. The mean ac tiv i ties of 7Be in moss and li chen sam pled in 2006 and 2008 are in
the range of 41-122 Bq/kg d. w., with pro nounced vari a tions be tween the sam pling sites.
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IN TRO DUC TION

In the last sev eral de cades, moss and li chen have
been es tab lished as re li able bioindicators of ra dio ac tiv ity 
in the en vi ron ment, since they have no root ing sys tem
and the con tent of el e ments in them is gen er ally due to
pre cip i ta tion and dry de po si tion. Nat u ral radionuclides
in both spe cies are mostly ac cu mu lated by resuspension
of soil and dust from soil and veg e ta tion cover. Moss and
li chen have been of ten used in dif fer ent stud ies on global
de po si tion of radionuclides from nu clear at mo spheric
tests, mon i tor ing of radiocontamination fol low ing nu -
clear plant ac ci dents, and ra dio ac tiv ity and pol lu tion
mon i tor ing in the vi cin ity of ura nium plants [1-7]. Fur -
ther, moss and li chen have been used in stud ies on con -
tam i na tion by de pleted ura nium am mu ni tion in Kosovo
and Metohia and South ern Ser bia [8], as well as in
Bosnia and Herzegovina [9].

The moss method was first used in the Scan di na -
vian coun tries as a com ple men tary method to clas sic
in stru men ta tion pol lu tion mon i tor ing [10-12]. To day,
moss biomonitoring is a part of pol lu tion mon i tor ing
programmes in most of the Eu ro pean coun tries as it
gives ev i dence of anthropogenic im pact in ur ban ar eas 
due to ve hic u lar traf fic and fos sil fuel com bus tion. The 

method is also used to iden tify sources of heavy met als 
pol lu tion, such as ore ex ploi ta tion, ag ri cul tural ac tiv i -
ties, etc. [13-15].  

The li chen in di ca tor method is suit able for de -
tec tion of long-term at mo spheric con tam i na tion by
ura nium and other heavy met als, as li chen ac cu mu -
lates ura nium and other el e ments and re tains them for
sev eral years af ter the source of pol lu tion has been ex -
hausted [16-20]. Con cen tra tions of radionuclides and
heavy met als are sig nif i cantly higher in li chen thallus
than in var i ous or gans of higher plants [21]. Moss and
li chen have sig nif i cantly dif fer ent soil-to-plant trans -
fer fac tors than higher plants: 2.3 and 43.8 for 226Ra
and 137Cs, re spec tively, but only 0.5 for 40K, which is
less than for higher plants [22].

Po tas sium-40 is a pri mor dial nat u ral radionuclide 
with a long half-life of 1.25×109 years, and a bi o log i cal
half-life of 30 days. It com prises around 0.0119% of the
to tal po tas sium, which is found in large amounts in
soils, plants, an i mals and hu mans. It is most abun dant
among nat u ral radionuclides, and it is a chem i cal an a -
logue to cae sium.

Nat u ral tho rium-232 is also a long lived
radionuclide (half-life 1.6×106 years).

The half-life of ra dium-226, a daugh ter of 238U,
is 1600 years. Ra dium-226 is found in dif fer ent quan -
ti ties in soils and rocks con tain ing nat u ral ura nium. Its
bi o log i cal half-life is up to 45 years [23].
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Be ryl lium-7 (half-life 53.28 days) is pro duced
by cos mic rays in spallation pro cesses in the up per tro -
po sphere and lower strato sphere. Its vari a tions in
mean an nual con cen tra tions in air re flect changes in its 
at mo spheric pro duc tion rate, and its sea sonal pat terns
are cor re lated to the strato sphere-tro po sphere ex -
change, ver ti cal mix ing within the tro po sphere and
pre cip i ta tion.  7Be is widely used as an in di ca tor of at -
mo spheric trans port pro cesses. In mid-lat i tudes, the
7Be sea sonal vari a tions show a max i mum in sum mer
and a min i mum in win ter [24-29].

Due to its long half-life (30.2 years) and the
abun dance in fis sion pro cesses, cae sium-137 has been
the most sig nif i cant fis sion prod uct and in di ca tor of
anthropogenic pol lu tion in the en vi ron ment. In the
1990’s, con cen tra tions of 137Cs in ground level air,
mainly orig i nat ing from the Chernobyl nu clear ac ci -
dent in 1986, were the or der of µBq/m3, with max ima
in sum mer and win ter. The win ter max ima were at trib -
uted to resuspension of the Chernobyl fall out, with the
strato spheric con tri bu tion less sig nif i cant [27, 30-32].

Prior to the nu clear plant ac ci dent in Chernobyl,
the 137Cs con cen tra tions in mosses were in a wide range
of val ues, some where as high as 20 kBq/kg d. w., with
vari a tions up to 80% that were more due to hab i tat than
to dif fer ences in spe cies [33]. In Fin land, the 137Cs con -
cen tra tions in li chen were 2400 Bq/kg in the 1960s,
around 200 Bq/kg in 1985, and reach ing 25 kBq/kg in
1986/1987 [34]. In a long-term study (1987-1993), the
137Cs eco log i cal half-life of 58.6 months and 10.9
months was found for moss and li chen, re spec tively
[35]. Af ter 2000, the dis tri bu tion of 137Cs in mosses and
li chens over Eu rope was un even, from 10 Bq/kg d. w. to
more than 1 kBq/kg d. w. [36-37].

A num ber of re cent stud ies have ana lysed
radionuclides in moss and li chen in Ser bia. The 137Cs
ac tiv i ties in soils and li chen in the moun tains of Ser bia
and Montenegro in crease with al ti tude (from 1.2
kBq/kg d. w. to 18.6 kBq/kg) [38-40]. The ac tiv i ties of
137Cs in moss in the Bel grade city area (moun tain
Avala) are sig nif i cantly lower – up to 221 Bq/kg [41],
while in South ern Ser bia, the ac tiv i ties reach 578
Bq/kg [42]. Moss has also been used to es ti mate de po -
si tion of 7Be in Ser bia [43-44].

In this pa per, the re sults of long term de ter mi na -
tion (1996-2010) of radionuclides in moss and li chen in
the re gion of East ern Ser bia are pre sented. The large
num ber of data over a long time pe riod pre sented in the
pa per could be a sig nif i cant sta tis tics base for mod el ling 
the dis tri bu tion of radionuclides in the re gion.

MA TE RI ALS AND METH ODS

The site

The study was per formed in the re gion of East -
ern Ser bia (fig. 1). The cli mate in the area is con ti nen -
tal, with cold win ters and hot sum mers.

The sam pling area in cluded the Na tional Park
Djerdap, the towns of Kladovo, Negotin, and Zaje~ar,
the spas of Gamzigrad, Sokobanja, and Jo{anica, and
the moun tains Ozren and Stara Planina (fig. 1). The
Djerdap Na tional Park is lo cated in the north-east of
Ser bia, on the bor der with Ro ma nia. It lies along the
right bank of the river Dan ube and in cludes a nar row
wooded moun tain re gion, with an al ti tude of 50-800
me ters a. s. l. Spa Sokobanja lies be tween the
Carpathian and Bal kans moun tains (Rtanj and Ozren).
Ozren is a well-known health re sort, rich in for ests and 
veg e ta tion. Spa Jo{anica lies in the foot of the Bukovik 
Moun tain, at the al ti tude of 200-500 me ters a. s. l.
Geo ther mal wa ters of Sokobanja and Jo{anica spas are 
con sid ered among highly ra dio ac tive wa ters in Ser bia. 
Gamzigrad spa is in the vi cin ity of the Zaje~ar town
(11 km), in the val ley of the Black Timok river, at an al -
ti tude of 160-180 m a. s. l. 

Ex per i men tal

Sam ples of moss and li chen were ran domly col -
lected in the re gion of East ern Ser bia from 1996-1998
and 2000-2010. Up to 200 sam ples of mosses and 30
sam ples of li chen (Cladonia sp.) were col lected over the
pe riod. Homolothecium sp., Hypnum Cupressiforme sp.,
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Fig ure 1. Map of the Re pub lic of Ser bia (with marked
sam pling sites)



and Brachythecium sp. were most fre quently sam pled
moss spe cies (ap prox i mately 30 sam ples per each spe -
cies).

The sam ples were cleaned, dried at room tem per a -
ture and ho mogen ised, then soaked in par af fin in Marinelli 
ves sels (1 L), and left for 30 days to reach the ra dio ac tive
equi lib rium. Ac tiv i ties of the radionuclides were de ter -
mined on an HPGe/ORTEC/Ametek de tec tor (rel a tive ef -
fi ciency 34%, res o lu tion 1.65 keV at 1.33 MeV), and an
HPGe de tec tor (Can berra, rel a tive ef fi ciency 25 %, res o -
lu tion of 1.95 keV at 1.33 MeV).

The to tal stan dard er ror of the method (in clud ing
rel a tive er ror in geo met ric ef fi ciency es ti ma tion, photo
peak counts es ti ma tion, sam ple vol ume de ter mi na tion,
etc.) was es ti mated to about 20%. Spec tral anal y sis was
per formed with the Gamma Vi sion 32 soft ware pack age.
The ac tiv i ties of  226Ra and 232Th were de ter mined by
their de cay prod ucts 214Bi (609.3 keV; 1120.3 keV, and
1764.5 keV), 214Pb (352 keV),  and 228Ac (338.4 keV;
911 keV, and 968.9 keV), re spec tively. The ac tiv ity of
137Cs was de ter mined from its 661.6 keV line. The ac tiv i -
ties of 40K were de ter mined from its 1460 keV g-line. The 
ac tiv i ties of 7Ba were de ter mined from its 477 keV g-line.
The av er age count ing time in ter val was 60.000 s. Geo -
met ric cal i bra tion was per formed with dif fer ent ra dio ac -
tive ref er ence ma te ri als, in the sam pling ge om e try
(Marinelli 1 L): (1) Sil i cone Resin (Czech Metrological
Inst. CMI, Cert. No. 931-OL-191-01 Type MBSS 2
(241Am, 133Ba, 109Cd, 139Ce, 57Co, 60Co, 137Cs, 54Mn,
113Sn, 85Sr, 88Y,  980.0 g, 0.98 ± 0,01 g/cm3, 1000 ± 10
cm3, ref. date 1.7. 2001); (2) Soil stan dard (Inst. Ra dio -
log i cal Pro tec tion, Bel grade: QAP 9803, 95.1 g, 29.11.
2002); (3) Veg e ta tion (Inst. Ra dio log i cal Pro tec tion, Bel -
grade: QAP 9709, 23.12. 2002); (4) Sil i cone rai sin
(CMI, Cert. No. 9031-OL-032/05 Type MBSS 2 (241Am, 
109Cd, 139Ce, 57Co, 60Co, 137Cs, 113Sn, 85Sr, 88Y,  441.0 g, 
0.98 ± 0,01 g/cm3 , 45.0 ± 4.5 cm3, ref. date 15. 2. 2005);
(5) Sil i cone rai sin (CMI, Cert. No. 9031-OL-159/08
Type MBSS 2 (241Am, 133Ba, 109Cd, 139Ce, 57Co, 60Co,
137Cs, 54Mn, 113Sn, 85Sr, 88Y,  980.0 g,  0.98 ± 0,01 g/cm3 ,
1000 ± 10 cm3, ref. date 1. 4. 2008).

RE SULTS AND DIS CUS SION

Nat u ral radionuclides in moss and li chen in
East ern Ser bia, 1996-2010

The ac tiv i ties of nat u ral radionuclides 40K,
226Ra, and 232Th in moss and li chen sam pled in East ern 
Ser bia, from 1996-1998 and 2000-2010 are pre sented
in tab.1. Since no sig nif i cant vari a tions be tween the
sites were found, the re sults are given as “mean ± stan -
dard de vi a tion” (Bq/kg dry weight), with co ef fi cients
of vari a tion (%) in brack ets.

The ac tiv i ties of nat u ral radionuclides in moss in
East ern Ser bia mea sured in 1996-1998 and in
2000-2010 were within the range of val ues re ported for

the re gion [39, 42, 44], but some what lower than the ac -
tiv i ties re ported for moss sam pled in ur ban ar eas [41].
This could be ex plained by the fact that in our study the
sam pling sites were not treated with fer til iz ers, and,
there fore, the re sus pend ed con cen tra tions of nat u ral
radionuclides from soils, mainly 40K, were lower.
Higher vari a tions in the con tent of nat u ral radionuclides 
in moss in 1996-1998 were due to larger sam pling area
(moun tain Stara Planina in cluded), than later
(2000-2010), when the sam pling sites were more
closely grouped (Gamzigrad, Sokobanja, Djerdap,
Jo{anica) (fig. 1). The con tent of nat u ral radionuclides
was to some ex tent lower in li chen than in moss (tab. 1),
but not sig nif i cantly. It should be how ever noted that li -
chen was col lected from higher points (trees) and the ef -
fect of resuspension from soil was less pro nounced.

The fre quen cies of the 40K, 226Ra, and 232Th ac tiv i -
ties in moss in East ern Ser bia from 1996-2010 are given
in figs. 2 and 3. The ac tiv i ties of 40K in moss were mainly
within the range of 100-500 Bq/kg d. w., while the ma jor -
ity of the 226Ra and 232Th ac tiv i ties were spread within
the range of 5-50 Bq/kg d. w. (figs. 2 and 3).  Less than
5% of  232Th ac tiv i ties  was in the range of 50-100 Bq/kg
d. w., while 226Ra ac tiv i ties higher than 100 Bq/kg d. w.
were mea sured in less than 10% of the sam ples.

Based on our data of the mean ac tiv i ties of nat u -
ral radionuclides in soils sam pled in the im me di ate vi -
cin i ties of the sam pling sites for moss and li chen (621
Bq/kg for  40K, 18  Bq/kg  for 226Ra and 32 Bq/kg for
232Th), the soil-to-moss trans fer fac tors were cal cu -
lated: 0.45 for 40K, 3 for 226Ra and 0.3 for 232Th. The
re sults cor re spond with the data re ported by other au -
thors [22, 42].
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Ta ble 1. Ac tiv i ties of nat u ral radiounuclides in moss and
li chen, East ern Serbia

Period
40K

[Bq/kg d. w.] 

226Ra
[Bq/kg d. w.]

232Th
[Bq/kg d. w.] 

1996-1998
Moss 281 ± 193 (69) 54 ± 29 (54) 19 ± 11 (58)

Lichen 209 ± 46 (22) 13 ± 4 (31) 11 ± 3 (27)

2000-2010 Moss 223 ± 84 (38) 13 ± 6 (46) 12 ± 6 (50)

2006-2010 Lichen 207 ± 51 (25) 12 ± 5 (42) 9 ± 2 (22)

Fig ure 2. Fre quency of 40K ac tiv i ties [%] in moss in 
East ern Ser bia, 1996-2010



The fre quen cies of the ac tiv i ties of nat u ral
radionuclides in li chen in 1996-2010 are given in figs.
4 and 5. The fre quency pat terns re sem ble the pat terns
seen in moss (figs. 2 and 3), with some dif fer ences
con cern ing 40K due to sev eral very high ac tiv i ties of
this radionuclide (above 500 Bq/kg d. w.) mea sured in
moss.

137Cs in moss and li chen in East ern
Ser bia, 1996-2010

The ac tiv i ties of 137Cs mea sured in moss in East -
ern Ser bia, from 1996-2010 are pre sented in tab. 2.
The re sults are given as a range of val ues if the ac tiv i -
ties dif fer more than one-fold (i. e., vari a tions higher
than 100%), and as ”mean ± stan dard de vi a tion” oth er -
wise. The co ef fi cients of vari a tions are given in brack -
ets. In di vid ual high val ues (max) that were not in -
cluded in the cal cu la tions are also given in brack ets.
LLD stands for lower limit of de tec tion.

The dis tri bu tion of 137Cs ac tiv i ties in moss con -
firms the non-uni form spa tial dis tri bu tion of this
radionuclide in the re gion. The wide range of val ues
and highly pro nounced lo cal vari a tions in our study
com pared to some other au thors over the same pe riod
[42-44], could be at trib uted to the fact that the sam -
pling sites were not fer ti lized and sub jected to ex ten -
sive anthropogenic ac tiv i ties. The tem po ral de crease
in the 137Cs ac tiv i ties in moss is well pro nounced, with
some lo cal ex cep tions.

The fre quen cies of the 137Cs ac tiv i ties in moss in
East ern Ser bia, from 1996-2010, are pre sented in fig. 6.
Over the study pe riod (15 years), the ac tiv i ties  of 137Cs
in moss were mea sured in the wide range of LLD-500
Bq/kg d. w., with less than 10% of sam ples with the ac -
tiv ity higher than 1000 Bq/kg d. w.
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Fig ure 3. Fre quency of 226Ra and 232Th ac tiv i ties [%] in
moss in East ern Ser bia, 1996-2010

Fig ure 6. Fre quency of 137Cs ac tiv i ties [%] in moss in
East ern Ser bia, 1996-2010

Fig ure 4. Fre quency of 40K ac tiv i ties [%] in li chen in
East ern Ser bia, 1996-2010

Fig ure 5. Fre quency of 226Ra and 232Th ac tiv i ties [%] in li -
chen in East ern Ser bia, 1996-2010

Ta ble 2. Ac tiv i ties of 137Cs in moss in East ern Ser bia,
1996-2010

Period Site 137Cs [Bq/kg d. w.]

1996-1998

Stara Planina 16-384

Zaje~ar 33-748

Kladovo/Djerdap 166-9900

2000-2005
Zaje~ar/Gamzigrad/

Sokobanja
6-279

(max 2365)

Kladovo/Djerdap LLD-745

2006-2010

Gamzigrad/Sokobanja/
Jo{anica

72 ± 45 (62.5%)
(max 1239)

Kladovo/Djerdap LLD-223 (max 1131)



The ac tiv i ties of anthropogenic 137Cs in li chen
sam pled in East ern Ser bia in 1996-1998 and 2006-2010 
are pre sented in tab. 3. The re sults are given as ”mean ±
stan dard de vi a tion”, with the co ef fi cients of vari a tion in 
brack ets. Higher con tent of cae sium in li chen was mea -
sured on sites with higher con tent of this radionuclide in 
moss, but the vari a tions of the 137Cs con cen tra tions in
li chen were gen er ally lower.

The fre quen cies of the 137Cs ac tiv ity in li chen are 
given in fig. 7. This fre quency pat tern shows just few
ex tremes (above 400 Bq/kg d. w.).

Nat u ral radionuclides and 137Cs in
moss spe cies: Homolothecium sp.,
Hypnum Cupressiforme sp., and
Brachythecium sp.

Con cen tra tions of nat u ral radionuclides and
anthropogenic  137Cs  in  most  fre quently  sam pled
moss spe cies: Homolothecium sp. (H), Hypnum

Cupressiforme sp. (HC) and Brachythecium sp. (B)
are pre sented in tab. 4.  The re sults are given as a range
of  val ues  if  the ac tiv i ties  dif fer  more  than one-fold
(i. e., vari a tions higher than 100%), and as ”mean ±
stan dard de vi a tion” oth er wise. The co ef fi cients of
vari a tions are given in brack ets. LLD stands for lower
limit of de tec tion.

The vari a tions in the con tent of nat u ral
radionuclides  in the three moss spe cies were in the
range 48-96% (tab. 4), but the dif fer ences among the
spe cies were not sig nif i cant. The con cen tra tions of
137Cs in the three moss spe cies showed high val ues
prior to 2000, fol lowed by a steep de crease af ter wards.

To es ti mate the cor re la tion be tween the moss
spe cies for dif fer ent radionuclides, the lin ear Pearson
cor re la tion co ef fi cients for (226Ra, 232Th) and (137Cs,
40K) pairs were cal cu lated. High cor re la tion (0.68)
was ob tained be tween 226Ra and 232Th, as ex pected,
and low (0.24) be tween 137Cs and 40K.

7Be in moss and li chen in
East ern Ser bia, 2006-2008

The ac tiv i ties of 7Be in moss and li chen sam pled
in East ern Ser bia in 2006 and 2008 are pre sented in
tab. 5.  The ac tiv ity of 7Be was cal cu lated on the date of 
the sam pling (in May 2006 and in June 2008). The ac -
tiv i ties are pre sented as “mean ± stan dard de vi a tion”
from mul ti ple sam ples taken within each year (10-17
sam ples of moss per year and per site, and 6 sam ples of
li chen per year and per site were ana lyzed), with co ef -
fi cients of vari a tion in brack ets.

The 7Be con cen tra tions from two sam pling
sites, both in moss and in li chen, were sig nif i cantly
higher (20-60%) in 2008 than in 2006 (tab. 5). The
vari a tions be tween the sites and within a year were
also high (28-71%), mainly due to short half-life of
7Be and the dif fer ences in mi cro cli mate and to pol ogy
of the sites. Since the 7Be ac tiv i ties in air were not
mea sured si mul ta neously, the ac tiv i ties in moss and
li chen could not be com pared with the ac tiv i ties in
air. Still, the 7Be con cen tra tions in our study are com -
pa ra ble with its ac tiv i ties in moss and li chens in
South ern Ser bia [42]. Higher val ues (195-560 Bq/kg
d. w.), with a strongly pro nounced non-uni for mity in
spa tial dis tri bu tion, of the 7Be con cen tra tions in moss 
(Hypnum Cupressiforme) in North ern and Cen tral
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Ta ble 3. Ac tiv i ties of 137Cs in li chen in East ern Ser bia,
1996-2010

Period Site 137Cs [Bq/kg d. w.]

1996-1998 Eastern Serbia 233 ± 56 (24)

2006 Sokobanja 14 ± 9 (64)

2006-2008 Gamzigrad 164 ± 53 (32)

2008-2010 Djerdap 283 ± 86 (30)

Fig ure 7. Fre quency of 137Cs ac tiv i ties [%] in li chen in
East ern Ser bia, 2996-2010

Ta ble 4. Ac tiv i ties of nat u ral radionuclides and 137Cs in Homolothecium sp. (H), Hypnum Cupressiforme sp. (HC), and
Brachythecium sp. (B), in East ern Ser bia, 1996-2010

Species Period 40K [Bq/kg d. w.] 226Ra [Bq/kg d. w.] 232Th [Bq/kg d. w.] Period 137Cs [Bq/kg d. w.]

H

1996-2010

246 ± 134 (55) 19 ± 18 (95) 15 ± 11 (73)
1997-1999 123-9990

2000-2010 1.0-435

HC 348 ± 190 (55) 25 ± 24 (96) 18 ± 11 (61)
1997-1999 271-3100

2000-2010 15-438

B 204 ± 97 (48) 15 ± 9 (60) 12 ± 7 (58)
1997-1999 LLD-1417

2000-2010 LLD-146



Ser bia were re ported by [43]. Even higher ac tiv i ties
of 7Be in moss, up to 920 Bq/kg, were shown by [44].
As sum ing that moss con tains about one year of ac cu -
mu lated 7Be from air [44], the 7Be con cen tra tion in
moss could pro vide a re li able in sight of the 7Be con -
cen tra tions in the ground level air of the area.

CON CLU SIONS

The ac tiv i ties of nat u ral radionuclides in moss in
East ern Ser bia mea sured in 1996-2010 were within
the range re ported for the re gion, but some what lower
than the ac tiv i ties re ported for moss sam pled in ur ban
ar eas. Since the sam pling site in our study was not
treated with fertilizers, the re sus pend ed con cen tra -
tions of nat u ral radionuclides from soils, mainly 40K,
were lower. Higher vari a tions in the con tent of nat u ral
radionuclides in moss in 1996-1998 were due to the
fact that the sam pling area was larger, and in cluded a
moun tain re gion, than later (2000-2010), when the
sam pling sites were more closely grouped. The con -
tent of nat u ral radionuclides was to some ex tent less in
li chen than in moss, but not sig nif i cantly. It was prob a -
bly due to the fact that li chen was col lected from
higher points (trees) and the ef fect of resuspension
from soil was less pro nounced. The fre quency pat terns 
of the nat u ral radionuclides ac tiv i ties in li chen re sem -
bled the pat terns seen in moss.

The dis tri bu tion of the 137Cs ac tiv i ties in moss
con firmed the non-uni form spa tial dis tri bu tion of
this radionuclide in the re gion. The wide range of val -
ues and highly pro nounced lo cal vari a tions could be
at trib uted to the fact that the sam pling sites were not
sub jected to ex ten sive anthropogenic ac tiv i ties. The
tem po ral de crease in the 137Cs ac tiv i ties in moss was
well pro nounced, with some lo cal ex cep tions. Higher 
con tent of cae sium in li chen was mea sured on sites
with higher con tent of this radionuclide in moss.

The dif fer ences among the dif fer ent moss spe -
cies were not sig nif i cant. How ever, to sup port this
con clu sion, a fur ther anal y sis is needed. 

The vari a tions in the 7Be con cen tra tions, both
for moss and li chen, be tween the sites and within
each year, were high, mainly due to its short half-life
and the dif fer ences in mi cro cli mate and to pol ogy of
the sites. 
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PRIRODNI  RADIONUKLIDI  I  137Cs  U  MAHOVINAMA  I
LI[AJEVIMA  ISTO^NE  SRBIJE

U radu su predstavqeni rezultati odre|ivawa radionuklida u mahovinama
(Homolothecium sp., Hypnum Cupressiforme sp. i Brachythecium sp.) i li{aju (Cladonia sp.) koji su
uzorkovani u regionu isto~ne Srbije tokom 1996-2010 godine. Aktivnosti u mahovinama iznose
100-500 Bq/kg suve materije za 40K, i 5-50 Bq/kg suve materije za 226Ra i 232Th. Dobijeni su trans fer
faktori “zemqi{te-mahovina”: 0.45 za 40K, 3 za 226Ra i 0.3 i 232Th. Prostorna distribucija
aktivnosti 137Cs je izrazito neuniformna; mawe od 10% uzoraka, uglavnom onih pre 2000. godine,
ima aktivnost ve}u od 1000 Bq/kg suve materije. Varijacije sadr`aja prirodnih radionuklida u
mahovinama nisu zna~ajne. Frekvencione krive aktivnosti prirodnih radionuklida u li{aju
sli~ne su onima u mahovinama, dok su aktivnosti izmerene u li{aju ne{to ni`e. Sredwa aktivnost
137Cs u li{aju mawa je od 400 Bq/kg suve materije. Sredwe aktivnosti 7Be u mahovinama i li{aju, koji 
su uzorkovani tokom 2006. i 2008. godine, iznose 41-122 Bq/kg suve materije, sa izra`enim
varijacijama izme|u lokacija.

Kqu~ne re~i: mahovina, li{aj, radionuklidi, Isto~na Srbija


