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Abstract - With the aim of detecting the presence of radionuclides in moss samples in eastern Serbia, 129 samples of mosses 
were collected from 2000 to 2010 in the region of the spas: Sokobanja, Banja Jošanica and Gamzigradska banja. The data 
obtained show that 137Cs was present in all of the 129 samples from 3 sampling areas and 15 sampling localities and in 20 
moss taxa. This indicates that pollution with this radionuclide resulting from the Chernobyl accident still exists. Changes 
in the average activity concentrations of 40K are within measurement error limits, while for 137Cs changes in the average 
activity concentrations are more noticeable, i.e. they have decreased with time.
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INTRODUCTION

Evolutionarily, mosses were among the first plants 
to colonize land (Richardson, 1981) and face the 
challenges of terrestrial living. Thus, they have de-
veloped many adaptations for survival in harsh en-
vironments, some of which even nowadays are fas-
cinating (e.g. anabiosis and poikilohidry, metal ion 
accumulations in the thallus with no cuticles etc.). 
The structure of mosses makes them suitable for 
monitoring the aerial metal burden. Mosses have a 
slow growth rate and a relatively large surface area-
to-biomass ratio; the lack of waxy cuticles and asso-
ciated stomata means that many contaminants can 
be absorbed over the whole external surface; they 
do not have a rooting system; they obtain nutri-
ents from dry and wet precipitation by absorption 
through their leaves which lack cuticle (Richardson, 
1981). The use of mosses in biomonitoring has sig-
nificantly increased since 1968, when Rühling and 

Tyler first used them as biomonitors of atmospheric 
quality (Rühling and Tyler, 1968). Mosses may be 
considered the most commonly applied organisms 
for biomonitoring studies of radioactive contami-
nation (Chakrabortty and Paratkar, 2006; Batias 
and Siontorou, 2007; Berg and Steinnes, 1997; Ba-
sile et al., 2008; Čučulović and Veselinović, 2008; 
Čučulović and Veselinović, 2009; Čučulović et al., 
2010). 

Mosses are among the pioneering plant species 
on burnt land, secondary bare surfaces and in tun-
dra. They prevent land erosion and represent mini-
ecosystems due to the number of organisms that de-
pend on them. Moss utilization is high in industry, 
medicine and pharmacology (Longton, 1992; Del-
fanti at al., 1999). 

Air pollutants are deposited on mosses in three 
forms: as an aqueous solution, in gaseous form or as 
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attached particles. The accumulation of pollutants in 
mosses occurs through a number of different mecha-
nisms. 

Potassium is a lithophilic element and is 
monovalent under natural conditions. Of the 
naturally occurring primordial radionuclides, 40K 
(T1/2=1.28x109 y) is very abundant in soil as the 
molar fraction of 40K is 0.0117 (Veselinović et al., 
2004), and the average content in the Earth’s core 
is 25.9 kg/t (Mason, 1996). In a living organism, 
potassium is evenly distributed. The greatest part 
of internal radiation coming from natural sources 
of radioactivity originates from potassium (United 
Nations Committee, 2000). Cs+ and K+ are compet-
ing ions.

Cesium-137 (137Cs) is one of the most frequent 
artificial radionuclides in the environment, arising 
from different anthropogenic discharges such as at-
mospheric nuclear weapon testing, accidental release 
from nuclear power plants, chronic emissions from 
nuclear power plants and chronic emissions from 
nuclear reactors and fuel-reprocessing plants (Eisler, 
2000.; Davis, 1963; Whicker, 1997). Cesium-137 is 
an emitter of gamma and beta radiation, with a long 
radioactive half-life (30.17 years).

The first nuclear weapons were detonated in 
New Mexico and Japan in 1945. The partial melt-
down of the reactor at Chernobyl in April 1986 re-
leased high amounts of radionuclides into the envi-
ronment, especially 137Cs. Following the Chernobyl 
reactor accident, numerous studies involving the 
monitoring of the long-lived fission product 137Cs 
were undertaken using mosses as biological indi-
cators to update the inventory of this long-lived 
radionuclide (e.g. Boileau at al., 1982; Giovani at 
al., 1994; Papastefanou at al., 1992; Butkus and 
Konstatinova, 2005; Sawidis at al., 2009; Elstner et 
al., 1987; Papastefanou et al., 1989; Marović et al., 
2008; Ilus et al., 1987; Elstner et al., 1987; Čučulović 
et al., 2002; Čučulović et al., 2008). As mosses lack 
a well-developed root system, the uptake of radio-
nuclides occurs mainly through an ion exchange 
process directly from wet and dry deposition on 

the moss body (Delfanti et al., 1999; Mishev et al., 
1996).

The expansion of knowledge about contamina-
tion paths by following bioindicators is important for 
radiological research and comparison with available 
data. 

MATERIALS AND METHODS

Samples of mosses were collected from 2000 to 2010 
in the territories of the following spas: Sokobanja, 
Banja Jošanica and Gamzigradska banja. 

Sokobanja is located in the central part of east-
ern Serbia and is part of the Zaječar region. Most of 
the municipality is part of the extensive Carpathi-
an-Balkan mountain range. A smaller western part 
is in the zone of the old Rhodopes mass. It is located 
43° 38’ 29” latitude north and 21° 52’ 37” longitude 
east at 400 m above sea level. The spa is located in 
a west-east direction and slopes westward. The cli-
mate is mild continental. Samples from the terri-
tory of the Sokobanja municipality were taken at 
the following locations: in the city of Sokobanja 
(hotel “Sunce”) (locality SB1); Lepterija (1.5 km 
east from the center of Sokobanja on the left bank 
of the Moravica river) (SB2); in Soko grad (400 
m from Lepterija, upstream the Moravica) (SB3); 
Ozren (about 4.5 km from the center of Sokobanja 
in the “Ozren” Special Hospital Complex) (SB4); 
Ophthalmology hospital (on the Ozren road, 5 km 
from Sokobanja Southeast, close to the Ozren Spe-
cial hospital for treating eye problems) (SB5). In the 
period 2000-2010, samples were taken as follows: 
from locality SB1 5 samples, and one sample from 
each of the localities SB2 23, SB3 1, SB4 57 and SB5, 
giving a total of 87 samples.

Banja Jošanica is located in the northwestern 
part of the Sokobanja valley, between the western 
part of Mt.Rtanj and the eastern slopes of Mt. Bu-
kovik, close to Sokobanja. In the territory of Banja 
Jošanica, samples were taken in the following loca-
tions: in the park (BJ1); close to the mineral wa-
ter springs (BJ2); and on the Jošanica River banks 
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(BJ3). In the period 2009-2010, from each location 
(BJ1, BJ2 3 and BJ3) 3 samples were taken, giving a 
total of 9 samples.

Gamzigradska banja is located close to Zaječar, 
in the meandering valley of the Crni Timok River, 
at the outermost southwestern part of the Romanian 
basin close to the Carpathian Mountains of eastern 
Serbia. This spa is one of the oldest balneological 
centers in Serbia. In the territory of Gamzigrads-
ka banja samples were taken on the left (GB1) and 
right bank of the Crni Timok river (GB2), near the 
Gamzigrad Rehabilitation Center (GB3), near Ho-
tel Kastrum (GB4), from the hotel annexes (GB5), 
hydroelectric power station (HE) Gamzigrad (GB6) 
and in the archeological locality of Felix Romuliana 
(GB7). In the period 2006-2010, from locality GB1 
7 samples were taken, from GB2 1, GB3 5, GB4 3, 
GB5 3, GB6 12 and GB7 2 samples were taken, in 
total 33 samples.

Selection of localities was made based on the 
presence of large enough amounts of moss and the 
absence of immediate sources of pollution.

In this work, 20 moss taxa were analyzed (129 
samples), that grew in the sampling localities: 
Brachythecium midleanum (Schimp.) Schimp. (2 
samples); Dicranum scoparium Hedw. (3 samples); 
Bryum argenteum Hedw. (3 samples); Ctenidium 
molluscum (Hedw.) Mitt. (1 sample); Tortella tor-
tuosa (Hedw.) Limpr. (2 samples); Homalothecium 
philippeanum (Spruce) Schimp. (7 samples); Brach-
ythecium rivulare Schimp. (6 samples); Syntrichia 
ruralis (Hedw.) F. Weber & D. Mohr. (1 sample); 
Plagiomnium cuspidatum (Hedw.) T.J. Kop. (10 
samples); Homalothecium sericeum (Hedw.) Schim. 
(26 samples); Leucodon sciuroides (Hedw.) Schwae-
gr (13 samples); Homalothecium lutescens (Hedw.) 
H. Rob (1 sample); Hylocomium splendens (Hedw.) 
Schimp (8 samples); Hypnum cupressiforme Hedw. 
(12 samples); Syntrichia calcicola J. J. Amann (1 
sample); Anomodon attenuatus (Hedw.) Hübner. 
(3 samples); Brachythecium rutabulum (Hedw.) 
Schimp. (2 samples); Homalothecium sp. (12 sam-
ples); Grimmia pulvinata Hedw. Sm. (7 samples) 

and Pylaisia polyantha (Hedw.) Schimp. (9 samples). 
The nomenclature follows Sabovljevic et al. (2008). 
The vouchers are deposited in the bryophyte collec-
tion of the BEOU.

The moss samples were dried in air, homog-
enized, and the radionuclide activities measured 
gamma-spectrometrically. The specific activity of 
radionuclides was measured using an HPGe gam-
ma-ray spectrometer (ORTEC-AMETEK, with 
8192 channels, resolution 1.65 keV, relative ef-
ficiency 34% at 1.33 MeV for 60Co). Samples were 
measured in Marinelli vessels. The sample weight 
was about 0.1 kg. The counting time for each sam-
ple was 60000 s. The relative error for sample prepa-
ration and measurement was 10%. Gamma Vision 
32, MCA emulation software, was used to analyze 
the measured gamma-ray spectra. The specific ac-
tivity of the artificially produced radionuclide 137Cs 
was measured via the γ-line at energy of 661.6 keV. 
The specific activity of the 40K radionuclide was de-
termined from its 1460.8 keV gamma-ray line. Nu-
clides were identified using a library driven search 
routine and quantitative analyses were carried out 
using the appropriate detector calibration. Radio-
nuclide results were reported in Bq/kg on a dry 
weight basis.

RESULTS

Activity values of 137Cs and 40K (Bq/kg) in mosses col-
lected on the territory of Sokobanja, Banja Jošanica 
and Gamzigradska banja in the period from 2000 to 
2010 are given in Table 1. 

Maximal and minimal values of 137Cs and 40K 
were noted on the territory of the Sokobanja munici-
pality in the locality SB4. The minimal activity value 
of 137Cs was 1.12 Bq/kg (locality SB4, 2010, sample 7) 
and 40K 25 Bq/kg (SB4, 2009, sample 7). The maximal 
activity concentration of 137Cs was 192 Bq/kg (SB4, 
2006, sample 14) and 40K 427 Bq/kg (SB4, 2006, sam-
ple 12). 

On the territory of Banja Jošanica, the minimal 
activity concentration of 137Cs was 72 Bq/kg (locality 
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Table 1. Locality (L), sampling year (Y), moss species (S), sample number (N) and activity (A) (Bq/kg) (lowest-highest (A1-A2), indi-

vidual (A) and average (Ā)) 137Cs and 40K in spas in Eastern Serbia.

L Y S N
137Cs (Bq/kg) 40K (Bq/kg)

A1-A2; A Ā A1-A2; A Ā

SB1

2001 14 2 25-42 34 119-319 219
2002 14 1 25 319
2006 5 1 41 250
2008 9 1 33 65

SB2

2000 13 1 177 173
2001 13 2 117-177 147 173-229 201
2002 13 3 93-176 129 171-229 201
2006 4 1 107 325

5 1 98 176
2007 13 1 37 202

2008

9 2 48* 48 243-352 298
10 1 4.40 169
14 1 20 167
16 1 45 178

2009
9 1 49 200

10 2 3.50-24 13.8 210 226
16 1 28 115

2010
9 2 25-39 32 142-186 164

16 1 54 187
17 2 4.72-8.45 6.59 251-323 287

SB3 2008 10 1 20 148

SB4

2001 14 1 105 277
15 1 61 414

2002 14 1 100 187

2006

1 2 5.41-21 13.2 123-208 166
2 2 2.70-124 63 83-143 113
3 1 76 389

18 12 18.3 188
12 1 59 427
14 4 8.21-192 74 95-209 150

18 1 10.5 103

2007
2 1 71 81

13 1 62 304
14 2 10-101 56 265-286 276

2008

6 2 13.4-52 33 159-203 181
7 2 2.90-3.60 3.25 184-239 212
8 1 14.5 267
9 1 33 65

10 4 8.41-39 18.2 164-326 244

2009

6 1 15.9 166
7 2 2.50-2.91 2.71 25 25
9 1 8.90 156

10 5 5.50-25 11.4 145-255 221

2010

6 4 7.21-28 18.2 159-211 186
7 2 1.12-1.65 1.39 101-150 126
9 2 6.84-34 20 141-178 160

10 11 8.26-27 17.1 179-415 250
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L Y S N
137Cs (Bq/kg) 40K (Bq/kg)

A1-A2; A Ā A1-A2; A Ā

BJ1
2009 18 1 132 190
2010 18 2 123-148 136 141-201 171

BJ2
2009 18 1 197 251
2010 18 2 103-107 105 137-172 155

BJ3
2009 18 1 158 169
2010 18 2 72-79 76 208-222 215

GB1
2006

19 2 57-121 89 134-243 189
20 1 112 130

2008
19 3 44-84 57 226-361 273
20 1 77 123

GB2 2006 19 1 58 95

GB3
2006 20 2 59-60 60 116-128 122
2008 20 3 60-63 62 144-276 230

GB4
2006

19 1 115 193
20 1 193 306

2008 20 1 83 280

GB5
2006 11 2 78-178 128 178-226 233
2008 11 1 53 158

GB6

2006
3 1 83 112

11 2 145-269 207 226-239 233

2008
3 1 41 101

11 5 170-213 189 196-351 249
2009 11 3 120-199 161 209-228 216

GB7 2006 10 2 94-115 105 138-158 148

* same values

Table 1. Continued

Fig. 1. Average activity of 137Cs (Bq/kg) and standard deviation 
in moss samples collected on localities SB2 and SB4 in the period 
2000-2010.

Fig. 2. Average activity of 40K (Bq/kg) and standard deviation in 
moss samples collected on localities SB2 and SB4 in the period 
2000-2010.
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BJ3, 2010, sample 18) and 40K 137 Bq/kg (BJ2, 2010, 
sample 18). The maximal activity concentration of 
137Cs was 197 Bq/kg (BJ2, 2009, sample 18) and 40K 
251 Bq/kg (BJ2, 2009, sample 18). 

On the territory of Gamzigradska banja, the 
minimal activity concentration of 137Cs was 41 Bq/
kg (locality GB6, 2008, sample 3) and 40K 95 Bq/kg 
(GB2, 2006, sample 19). The maximal activity con-
centration of 137Cs was 269 Bq/kg (GB6, 2006, sample 
11) and 40K 361 Bq/kg (GB1, 2008, sample 19). 

The average activity concentrations of 137Cs and 
their standard deviations in moss samples collected 
on localities SB2 and SB4 in the period 2000-2010 
are shown in Fig. 1. The average activity concentra-
tions of 137Cs in mosses collected on locality SB2 in 
most cases are higher than the average activity con-
centrations of 137Cs in moss samples collected in lo-
cality SB4.

The average activity concentrations of 40K and 
their standard deviations in moss samples collected 
on localities SB2 and SB4 are shown in Fig. 2.

DISCUSSION

The presence of the artificially produced radionuclide 
137Cs and the natural radionuclide 40K was noted in 
all the investigated moss samples collected from spas 
in eastern Serbia in the period from 2000 to 2010.  

Previous research has shown that mosses C. mol-
luscum (4), L. sciuroides (11), H. splendens (13) and 
H. cupressiforme (14), are good bioindicators and 
biomonitors of radioactive pollution (Delfanti et al., 
1999; Hanssen et al., 1980; Sawidis et al., 2009; Gio-
vani et al., 1994). These mosses grow on the terri-
tory of Sokobanja, Banja Jošanica and Gamzigradska 
banja and they were randomly selected and used in 
this investigation. The results of this research confirm 

Table 2. Average activities of 137Cs and 40K (Bq/kg), standard deviation in moss samples collected on localities SB2 and SB4 in the period 
2000-2010.

YEAR
SB2 SB4

137Cs
(Bq/kg)

40K
(Bq/kg)

137Cs
(Bq/kg)

40K
(Bq/kg)

2000 147 ± 42 201 ± 40 --- ---

2001 129 ± 43 201 ± 29 83 ± 31 346 ± 97

2002 --- --- 100 ± 10 187 ± 19

2003 --- --- --- ---

2004 --- --- --- ---

2005 --- --- --- ---

2006 103 ± 7 250 ± 105 51 ± 57 189 ± 112

2007 37 ± 4 202 ± 20 61 ± 38 234 ± 103

2008 35 ± 20 222 ± 79 19.2 ± 16.5 209 ± 21

2009 26 ± 19 190 ± 52 9.66 ± 7.26 166 ± 90

2010 27 ± 19 218 ± 70 16.1 ± 8.72 214 ± 68



ACTIVITY CONCENTRATIONS OF 137Cs AND 40K IN MOSSES FROM SPAS IN EASTERN SERBIA 923

that besides these, other moss species can be used as 
bioindicators of 137Cs and 40K radionuclide pollution 
(Table 1). 

The data obtained (Table 1) shows that 137Cs was 
present in all of the 129 samples from the 3 sampling 
areas and 15 sampling localities, and in 20 moss 
taxa. This definitely indicates that pollution by this 
radionuclide as a consequence of the Chernobyl ac-
cident still exists. The different activity concentra-
tions of 137Cs in mosses from spas in eastern Serbia 
are the consequence of different contents of 137Cs in 
the fallout after the Chernobyl accident, moss spe-
cies, substrate on which they grow, altitude, climatic 
and other factors. A comparison of the average ac-
tivity concentrations of 137Cs in the mosses collected 
on the territory of the Sokobanja, Banja Jošanica and 
Gamzigradska banja spas allows us to conclude that 
the lowest activity concentrations were present in the 
samples from the Sokobanja municipality. The high-
est average activity concentrations of 137Cs in moss 
collected on the territory of the Sokobanja munici-
pality were in the moss collected on the Lepterija lo-
cality (SB2), and they were slightly lower in the moss 
collected from the Ozren locality (SB4). The average 
activity concentrations of 137Cs in moss collected on 
the territory of the Sokobanja municipality in the ob-
served time period was in agreement with the find-
ings of other authors (Sawidis et al., 2009).

The lowest activity concentrations of 137Cs were 
measured in B. rivulare (7) from Ozren (1.12-3.60 
Bq/kg). As this moss grows besides the Ripaljka Falls, 
on the Gradašnica River, and that the river water pe-
riodically floods this moss, one can assume that the 
river water has desorbed 137Cs from the moss and this 
is the reason why the activity concentrations of 137Cs 
are low in this moss. Low activity concentrations of 
137Cs were also noted in the substrate on which B. 
rivulare moss grows. One can assume that the water 
also desorbs 137Cs from the substrate. Investigations 
of 137Cs desorption from Cetraria islandica (L.) Ach. 
lichen by distilled water and solutions simulating 
the composition of acid rain (Čučulović et al., 2006) 
favor this assumption. Activity concentrations in 
mosses growing close to this species, for example H. 

philippeanum (6), not flooded by the river, are higher 
(up to 28 Bq/kg, 2010). 

In L. sciuroides (11), collected on the territory of 
Gamzigradska banja, high levels of 137Cs were noted 
in 2009 (from 120 to 199 Bq/kg). Due to construc-
tion work on the Timok riverbanks since 2009, this 
moss species is an endangered species and no longer 
grows on these localities in Gamzigradska banja. In-
vestigations have confirmed that this moss species is 
a good bioindicator of radioactive pollution in the 
environment (Sawidis et al., 2009) and it should be 
used in research. 

In Fig. 1 and 2, one can clearly note that changes 
in the average activity concentrations of 40K are with-
in measurement error limits, while for 137Cs, changes 
in the average activity concentrations are more no-
ticeable, i.e. they decrease with time.

As 40K is a natural isotope, this similarity in activ-
ity indicates a significant even distribution of 40K on 
the Earth’s surface and in fallouts that is reflected by 
its content in moss. However, for 137Cs, the content 
reduction with time can be the consequence of the 
radioactive decay of 137Cs, and washout with water 
not enriched with 137Cs. 

The ten-year reduction in the average activity 
concentration of 137Cs at the SB2 locality is 79.1%, 
while it is 80.6% at the SB4 locality, as shown in Ta-
ble 2 for the period 2001-2010. Reduction in activity 
concentrations of 137Cs due to radioactive decay was 
calculated using the radioactive decay equation:

 A=A0e-λt                             (1)

where At is the activity in the sample after t = 10 
years, A0 is the sample activity for t=0, λ is the radio-
active decay constant =ln2/T1/2=0.023 god-1, and t is 
the time of 10 years.

It is 20% for sample SB2, and for sample SB4 
21%, which is significantly lower than previously 
given values. This shows that the reduction in 137Cs 
originates from the washout of moss by atmospheric 
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water and its transfer to the environment, i.e. expan-
sion of pollution, while for 40K this process does not 
occur as it is naturally distributed over all parts of 
our planet.

There was no correlation in accumulation be-
tween 137Cs and 40K in the mosses collected in 
Sokobanja and Gamzigradska banja. The absence of 
any correlation between the activity concentrations 
of these radionuclides in mosses has also been dem-
onstrated in other radioecological studies (Korobova 
et al., 2007), but it is contrary to the findings of Cevik 
and Celik (2009).

Activity concentrations of analyzed radionuclides 
varied with moss species, as well as among samples 
of the same species collected from different locali-
ties. Different activity concentrations of radiocesium 
in the same moss species from different locations are 
mostly due to the non-uniform contamination of lo-
cations after the Chernobyl accident. While intraspe-
cific variation in radioactivity is due to different dep-
osition and washout rates, interspecific variation of 
activity concentrations is due to different morphol-
ogy and anatomy (Sabovljević et al., 2005; Cevik and 
Celik, 2009), leading to different accumulations of 
radioactivity from dry and wet deposition.

In this work, mosses have been shown to be good 
biomonitors for atmospheric radionuclide deposi-
tion. Although substantially decreased, 137Cs is still 
present in moss tissues. This radioactivity is thought 
to originate mainly from the Chernobyl accident. 
Monitoring of 137Cs activity in mosses thus provides 
a very sensitive method for the detection of this ra-
dionuclide and should be performed as a means of 
continuous evaluation of environment pollution.

Acknowledgments - This work was supported by the Ministry 
of Education and Science of the Republic of Serbia, project 
code III 43009. 

REFERENCES

Basile, A., Sorbo, S., Aprile, G., Conte, B., and R. Castaldo Cobi-
anchi (2008). Comparison of the heavy metal bioaccumu-

lation capacity of an epiphytic moss and epiphytic lichen. 
Environ. Pollut. 151, 401-407.

Batias, F., and C. Siontorou (2007). A novel system for envi-
ronmental monitoring through a cooperative/synergistic 
scheme between indicators and biosensors. J. Environ. 
Manage. 82, 221-239.

Berg, T., and E. Steinnes (1997). Use of mosses (Hylocomium 
splendens and Pleurozium schreberi) as biomonitors of 
heavy metal deposition: from relative to absolute deposi-
tion values. Environ. Pollut.  99, 61-71.

Boileau, L.J.R., Beckett, P.J., and D.H.S. Richardson (1982). 
Lichens and mosses as monitors of industrial activ-
ity associated with uranium mining in northern Ontario, 
Canada-part-1: field procedures, chemical analysis and 
inter-species comparisons. Environ. Pollut. 4, 69-84. 

Butkus, D., and M. Konstatinova (2005). Studies of 137Cs transfer 
in soil-fern system. J. Environ. Engin. Landsc. Manag. 13, 
97-102. 

Cevik, U., and N. Celik (2009). Ecological half-life of 137Cs in 
mosses and lichens in the Ordu province, Turkey. J. Envi-
ron. Radioact. 100, 23-28.

Chakrabortty, S., and G.T. Paratkar (2006). Biomonitoring of 
Trace Element Air Pollution Using Mosses. Aerosol, Air 
Quality Res. 6, 247-258.

Čučulović, A., Stanković, S., Dragović, S., and G. Pantelić (2002). 
Radioaktivna kontaminacija bioindikatora Karpatsko-
Balkanske Srbije, Zbornik radova Ekološka istina, X 
Naučno-stručni skup o prirodnim vrednostima i zaštiti 
životne sredine, 53-56, Donji Milanovac.

Čučulović, A., Veselinović, D., and Š.S. Miljanić (2006). Extrac-
tion of 137Cs from Cetraria islandica lichen with water. J. 
Serb. Chem. Soc. 71, 565-571.

Čučulović, A., and D. Veselinović (2008). Radioaktivnost nekih 
bioindikatora sakupljenih na teritoriji Sokobanje i njene 
okoline. Ekologica. 15, 87-91. 

Čučulović, A., and D. Veselinović (2009). Nivoi aktivnosti 137Cs, 
40K i7Be u uzorcima mahovina sa teritorije Gamzigradske 
banje. Ekologica. 16, 371-374.

Čučulović, A., Čučulović, R., Marković, D., and D. Veselinović 
(2010). Mahovine Sokobanje i Banje Jošanice – biomoni-
tori zagađenja životne sredine radionuklidima. Ekologica. 
17, 135-139.

Davis, J.J. (1963). In: Radioecology, ed. V. Schultz&A.W. Klement. 
Reinhold, New York, 539-556.  

Delfanti, C., Papucci, C., and C. Benco (1999). Mosses as indica-
tors of radioactivity deposition around a coal-fired power 
station. Sci. Total Environ. 227, 49-56.



ACTIVITY CONCENTRATIONS OF 137Cs AND 40K IN MOSSES FROM SPAS IN EASTERN SERBIA 925

Eisler, R. (2000). Handbook of Chemical Risk Assessment: 
Health Hazards to Humans, Plants, and Animals. Lewis, 
Boca Raton, FL, USA. 

Elstner, E.F., Fink, R., Höll, W., Lengfelder, E., and H. Ziegler 
(1987). Natural and Chernobyl-caused radioactivity in 
mushrooms, mosses and soil-samples of defined biotops 
in SW Bavaria. Oecologia. 73, 553-558.

Giovani, C., Bolognini, G., and P.L. Nimis (1994). Bryophytes as 
indicators of radioactive deposition in northeastern Italy. 
Sci. Total. Environ. 157, 35-43.

Hanssen, T.E., Rambek, J.P., Semb, A., and E. Steinnes (1980). At-
mospheric deposition of trace element in Norway, Proc. 
Int. Conf. Ecol. Impact and Acid Precip. Norway, SMSF 
Project, 116-117.

Ilus, E., Sjöblom, K.L., Aaltonen, H., Klemola S., and H. Arvela 
(1987). Monitoring of radioactivity in the environs of 
Finnish Nuclear power stations in 1986: Supplement 12 to 
annual report STUK-A55. Report No. STUK-A67.

Longton, R.E. (1992). The role of bryophytes and lichens in ter-
restrial ecosystems, Bryophytes and Lichens in a Chang-
ing Environment, Edited by J.W. Bates and A.M. Farmer, 
Clarendon Press – Oxford.

Korobova, E.M., Brown, JB., Ukraintseva, N.G., and V.V. Surkov 
(2007). 137Cs and 40K in the terrestrial vegetation of the Ye-
nisey Estuary: Landscape, soil and plant relationships. J. 
Environ. Radioact. 96, 144-156.

Marović, G., Franić, Z., Sencar, J., Bituh, T., and O. Vugrinec 
(2008). Mosses and some mushroom species as bioindica-
tors of radiocaesium contamination and risk assessment. 
Coll Antropol. 32, 109-14.

Mason, B. (1996). Principles of Geochemistry. New York, J. Wi-
ley & Sons, Inc. 

Mishev, P., Damyanova, A., and L. Yurukova (1996). Mosses as 
biomonitors of airborne pollution in the northern part 
in Rila mountain, Observatoire de montagne de Moussala 
OM 2, 137-141.

Papastefanou, C., Manolopoulou, M., and T. Sawidis (1989). 
Lichens and mosses: Biological monitors of radioactive 

fallout from the Chernobyl reactor accident. J. Environ. 
Radioact. 9, 199-207.

Papastefanou, C., Manolopoulou, M., and T. Sawidis (1992). Resi-
dence time and uptake rates of 137Cs in lichens and mosses 
at temperate latitude (40° N). Environ. Int. 18, 397-401. 

Richardson, D.H.S. (1981). The Biology of Mosses, Blackwell Sci-
entific Publications, Oxford.

Rühling, Å., and G. Tyler (1968). An ecological approach to the 
lead problem. Bot. Notiser. 122, 248-342.

Sabovljević, M., Vukojević, V., Mihajlović, N., Dražić, G., and Ž. 
Vučinić (2005). Determination of heavy metal deposition 
in the county of Obrenovac (Serbia) using mosses as bio-
indicators. I: Aluminum (Al), arsenic (As) and boron (B). 
Arch. Biol. Sci. 57, 205-212.

Sabovljević, M., Natcheva, R., Dihoru, G., Tsakiri, E., Dragićević, 
S., Erdag, A., and B. Papp (2008). Check-list of the mosses 
of Southeast Europe. Phytol. Balc. 14(2), 159-196.

Sawidis, T., Tsikritzis, L., and K. Tsigaridas (2009). Cesium-137 
monitoring using mosses from W. Macedonia, N. Greece, 
J. Environ. Manag. 90, 2620-2627.

Stanković, S., Čučulović, A., and S. Dragović (2003). Nivoi ra-
dioaktivne kontaminacije mahovina poznatih klimatskih 
mesta, Zbornik radova XXII Simpozijum Jugoslovenskog 
društva, 185-187, Petrovac n/m.  

United Nations Committee (2000). Effects of Atomic Radiation, 
Sources and effects of ionizing radiation. United Nations 
Scientific Committee on the Effects of Atomic Radiation. 
UNSCEAR 2000 report to the general assembly, with sci-
entific annexes, United Nations, New York.

Veselinović, D., Pavlović, B., Pešić, D. and B. Radak (2004). 
Veličine, jedinice i oznake međunarodnog sistema SI u 
fizičkoj hemiji i srodnim oblastima, Fakultet za fizičku 
hemiju, Velarta, Beograd, 2004.

Whicker, F.W. (1997). Impacts of large radionuclide releases on 
plant and animal populations. In: Ciba Foundation. ed, 
Health Impacts of Large Releases of Radionuclides. John 
Wiley, London, UK, 74-93.




