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 Anthropogenic radioisotope 
137

Cs had first appeared in the environment in 
significant quantities after performing atmospheric nuclear testing. The last two 
extremely large amounts of the radioacesium 

l37
Cs were released in the 

atmosphere during the nuclear accident at Chernobyl in 1986 and in Fukushima 
nuclear reactor accident in 2011. This paper explored the levels of contamination 
of moss radiocesium 

137
Cs after almost 30 years since the Chernobyl disaster, 

which were obtained from 92 locations in Bosnia and Herzegovina. Gamma 
spectrometric analysis of the collected samples was performed using three high 
resolution of the purity germanium detectors with 35, 23 and 70% relative 
efficiency. 

137
Cs was present in all tested samples of moss, with concentrations 

of 
137

Cs ranging from 4 to 1612 Bq/kg dry weight of selected moss species. 
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INTRODUCTION 
 
The testing and the usage of nuclear weapons since 
1945, led to the inexorable process of compromising the 
environment and the Earth's atmosphere artificial 
radioactive isotopes. The increase in radioactivity in the 
environment, a consequence of the global radioactive 
contamination, is primarily a result of nuclear facilities, 
operation and technology of uranium, nuclear testing, as 
well as the technologically modified natural radioactivity 
(UNSCEAR, 2000; Adrović and Ninković, 2005). Viewed 
from the radioecological aspect, the greatest importance 
is given to disposal of huge amounts of radioactive 
waste, then contamination of the biosphere by fallouts 
that arise due to thermonuclear experimental explosion 
and accidents in nuclear power plants, which release 
very large amount of radioactive contaminants. 
 
 
 
Corresponding author. E-mail: biolog@live.com; 
adrovicferiz@yahoo.com. 

So far ten major nuclear accidents have happened at 
nuclear reactors around the world, in which there has 
been a release of a large amounts of radionuclides in the 
environment. The largest global environmental impact, 
had accidents in Chernobyl and Fukushima. The nuclear 
accident in Chernobyl was the largest up to date. It has 
been estimated that the total amount of released 
radioactivity of different radionuclides in the accident is 
about 5300 PBq (Steinhauser et al., 2014). Fukushima 
Daiichi disaster, which occurred as an accident on 11 
March 2011 at the Fukushima nuclear plant in Japan 
after the disaster in Chernobyl is the second largest 
accident in the history of the nuclear industry. It is 
estimated that about 10% of free radiation was 
discharged when compared to the Chernobyl disaster 
(Steinhauser et al., 2014).  

A large amount of artificial radionuclide dues were 
released into the atmosphere after the nuclear explosion 
as a result of a damage in the nuclear facilities. A small 
number of radionuclides (less than ten percent) of a  total  



 

 

 
 
 
 
on 240 radionuclides which could have been formed 
during nuclear fissions, have a greater biological 
significance. Besides the high fission yield, toxicity of the 
radionuclide depends primarily on absorption or  
distribution in the body there of, on half-life, on type and 
energy of radiation emitted. A special place among 
biologically significant radionuclides cesium 

l37
Cs 

occupies, who with strontium 
90

Sr are the main sources of 
radioactivity from radioactive waste and accidents in 
nuclear power plants. A cesium has 39 isotopes, of which 
the only stable isotope is considered to be 

133
Cs, while all 

the other radioactive isotopes of cesium are radioactive. 
The two most important radioactive isotopes of cesium 
are 

134
Cs and 

137
Cs. Radioactive cesium 

137
Cs has half-

life of about 30.1671 years (Delacroix et al., 2002), a 
beta-emitter (the energy of the electrons are: Emax = 0.51 
MeV - 92% and 1.17 MeV - 8%) (Chu et al., 1999).  

The product of a radiactive decay of the 
137

Cs is 
metastable isomer of the barium 

l37m
Ba (half-life of about 

153 seconds), which emits gamma photons (the energy 

of gamma photons is  = 0.661 MeV) and transforms to 
a stable barium - 

137
Ba (NIST, 2011). Short half-life of 

decay of the 
137m

Ba stipulates that the radionuclide is in 
the ecological system always in radioactive equilibrium 
with 

137
Cs, and 

137
Cs  is in the scientific literature often 

mentioned as beta-gamma emitter.  
The interest on the presence and distribution of 

137
Cs in 

nature, due primarily because of the high fission yields 
(6%), due to a relatively long half-life of a decay, 
chemical reactivity and high solubility, and the interest 
appeared in a period of intense 

137
Cs deposits in the 

environment as a result of nuclear explosions. The 
nuclear accidents at Chernobyl and Fukushima, added 
an extra burden  to the ambiental environment of our 
planet, and increased concern for the quality of life on it. 
It is estimated that in nuclear accident at Chernobyl was 
discharged about 85 PBq of 

137
Cs (OECD-NEA, 2002; 

United Nations Scientific Committee on the Effects of 
Atomic Radiation, 1988; IAEA, 2006), but in general the 
average of the Fukushima of 

137
Cs is 17-20 PBq 

(Steinhauser et al., 2014). Radioactive cesium that was 
released in these accidents will still be present for the 
next 300 years (ten half-lives of a decay of radiocesium 
137

Cs).  
Main biological specificity of a radionuclide of 

137
Cs is 

that its ions in the organism behave analogously to 
potassium, which means that the Cs ions are located in 
each cell of the organism, and therefore radionuclide 
137

Cs has no critical organ in the body and it represents a 
so-called organotropic radionuclide. Isotope  of   Cs - 
137

Cs  is emitting beta particles and gamma rays, which 
can do the ionization of the molecules within the cell and 
led to tissue damage and disorders of cell function. The 
absorption of cesium in the body is similar to the 
absorption of potassium (Ciuffo, 2002). Cesium and 
potassium are both alkali metals which are  distributed  in 
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the body as cations, which includes the extracellular fluid 
(via ionic potassium channel) and cesium and potassium 
transport is performed in their load cells (Cecchi et al., 
2011). From those reasons isotope of Cs - 

137
Cs 

represents a dangerous health risk, and depending on 
the reference, default dose and manner of exposure it 
can result in various hematologic, immune and repro-
ductive disorders, and has increased incidence of benign 
and malignant neoplasms in different tissues and organs 
(Nikula et al., 1996).  

Large-scale accidents led to inhomogeneous 
contamination of large expanses (IAEA, 2006; Shutov et 
al., 2006; Strand, 1994). To obtain more detailed 
distribution of power area with elevated radioactivity, and 
because of the inability to use conventional techniques, 
there are used BioMonitors which are due to its wide 
distribution and very suitable for monitoring the levels of 
radioactivity in the environment. The usage of bio-
indicators can verify the occurrence of elevated 
concentrations of radionuclides, determine the bottom of 
their spatial and temporal distribution, to monitor the 
local, regional and supra-regional levels of pollution, to 
monitor their long-term effects of pollution on the 
environment, also significantly simplifying and reducing 
the cost of implementation of radiomonitoring with a high 
level of reliability of the measurement results 
(Wolterbeek, 2002). Because of these advantages, this 
biological method has become a supplement to the 
radiomonitoring by conducting the nuclear measurement 
methods.  

After first use of mosses in the monitoring of 
atmospheric quality since the 1968 (Rühling and Tyler, 
1968), an interest of using them for the radiomonitoring is 
significantly increased (Szczepaniak and Biziuk, 2003; 
Boileau et al., 1982; Papastefanou et al., 1992; Delfanti 
et al., 1999; Čučulović et al., 2012; Sawidis et al., 2009). 
Mosses are evaluated as an important link in the global 
biomonitoring of deposition of the radionuclide in the 
analysis result of nuclear testing in the atmosphere to 
assess the effects of nuclear accidents at Chernobyl in 
1986 (Marović et al., 2008), to assess the state of the 
environment around the nuclear reactor plant and plant 
for processing nuclear fuel materials. Method of 
biomonitoring through the usage of mosses is today a 
part of the control programme of the  environment in the 
most countries of the world. Because of its prevalence 
and ease of collection, as well as features to accumulate 
all types of radionuclides that are present in the 
atmosphere and present in the precipitation, mosses are 
considered as the most suitable bioindicators.  

Ecological heterogeneity of the area of Bosnia and 
Herzegovina, geomorphological and hydrological 
diversity, specific geological past, diversity of eco-climate, 
have caused the rich wildlife on its territory. Southeast 
Europe is biologically the least explored area of Europe. 

Bryophytes   flora   of   the   region   accommodates    5
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Figure 1. Positions of measurement points on the territory of Bosnia and Herzegovina. 

 
 
 
hornworts, 267 liverworts and 897 moss species 
(Sabovljević et al., 2011). Within this, knowledge of 
mosses in Bosnia and Herzegovina is meager in 
comparison with data from Western Europe countries. 
The report for the Convention on Biological Diversity of 
Bosnia and Herzegovina (Redţić et al., 2008) according 
to the area of Bosnia and Herzegovina is characterized 
by a high diversity of mosses. Bryophytes BiH had 
counted 565 species from 52 genera and 187 families, 
which fall  into  two  classes,  the  most  diverse  types  of 

families are Pottiaceae (71), Bryaceae (55) and 
Brahytheciaceae (42) (Redţić et al., 2008). 
 
 
MATERIALS AND METHODS 
 
Mosses in these studies were sampled on 92 localities 
from Bosnia and Herzegovina (Figure 1). Different types 
of mosess habitats we chosen: land, lignohumus in forest 
and  meadow  ecosystems,  trees,  limestone,   ultrabasic
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Figure 2.  Moss samples collected to: a, From the ground; b, from the stone; c, from the tree wood. 

 
 
 
and silicate rocks and cliffs (Figure 2). Several species 
are sampled in spring habitats, streams and rocky 
barriers. For reasons of representativeness of the 
samples, at each location were taken about five samples 
of mosses from five different places, which were located 
on the surface of approximately 30 m

2
, followed by mixing 

samples from each location in one composite sample. 
This procedure is performed at all locations where it was 
possible, due to the configuration of the terrain and to the 
distribution of mosses. In the case of urban areas, a 
larger surface area for sampling where used, due to the 
lower cover of mosses. Identification of moss in these 
studies was performed using a optical microscope (Motic) 
and following literature keys: Smith (2004) and Pavletić 
(1968).  

To determine the content of 
137

Cs in the ecosystem of 
mosses of Bosnia and Herzegovina, it was  necessary  to 

include in the study very fitness demanding terrain of 
Bosnia and Herzegovina. Ecological space of Bosnia and 
Herezegovina is a complex ecosystem of different 
geological composition of rocks and vegetation cover, 
which is the space of manifesting different intensities of 
turbulence in atmospheric pressure, temperature and air 
humidity. When the sampling of mosses was taken the 
characteristics of the terrain were also taken into account 
in order to be determined with more reliability the 
distribution of pollutants of 

137
Cs from different directions. 

A particular problem for sampling mosses and particular 
problem for study of radioactivity in the field were 
minefields. In Bosnia and Herzegovina is still about 1417 
mined sites, which in total have endangered the lives of 
more than half a million people or about 15% of the total 
population in Bosnia and Herzegovina. Experts warn that 
the number of mine sites in  Bosnia  and  Herzegovina  is 
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Figure 3. Preparation of the moss samples (LDDRP) at University of Tuzla. 

 
 
 
much higher, because it is practically impossible to trace 
each mine or to trace some other unexploded ordnance 
that is still remaining after the last conflict in Bosnia and 
Herzegovina. All samples were carefully separated from 
the substratum and cleaned from soil or other impurities 
and then air-dried at room temperature. After about one 
week, the mosses samples were dried again at 105°C for 
at least 24 h and homogenized. All methods of preparing 
the samples of low activity and patterns of transferic 
research, were based on the concentration of radio-
nuclides in the samples. This is achieved by reducing the 
large volume of samples in less, and if necessary, this is 
achieved by grinding. In addition to the grinding and 
drying, the samples of mosses were not subjected  to any 
other physical or chemical treatment.  

Moss sample preparation was performed in the 
Laboratory of dosimetry and radiation protection 
(LDDRP) of the Faculty of Natural Sciences and 
Mathematics, University of Tuzla (Figure 3). With the 
ground powder from the samples were filled the plastic 
Marinelli vessels and a cylindrical vessels with height of 
60 mm and adiameter of 70 mm, in order to be compact 
and filled with an equal volume of the whole container 
and thus has received the uniform packing density. A 
typical sample weight was between 200 and 300 g. The 
pots were then closed with the beeswax and aged for 30 
days (before the start of measurement) to establish 
radioactive equilibrium.  

Performed by gamma spectrometric measurements of 
137

Cs activities were carried out according to standard 
ASTM C 1402-04 Standard Guide for High Resolution 
Gamma Ray Spectrometry, on the HPGe detectors of 
following characteristics: 
  

1) Camberra HPGe system, GR7023-7500SL model, the 
energy range of 3 keV to 10 MeV, the relative efficiency 
70%, the energy resolution at 1.33 MeV 

60
Co is 2.30 keV  

2) FWHM (full width at half maximum). 

3) Camberra HPGe system, model GC3518, the relative 
efficiency 35%, the energy resolution at 1.33 MeV 

60
Co is 

1.77 keV FWHM. 
4) Camberra HPGe system, model GC 2018-7500, the 
relative efficiency 20%, the energy resolution at 1.33 MeV 
60

Co is 1.8 keV FWHM. Management and data collection, 
as well as online monitoring of spectra done using 
Genie2000 software (Germanium detecors, User's 
Manual, Canberra Industries, USA). 

 
In order to calibrate and to check the efficiency of the 
detectors  certified calibration standards and reference 

materials were used. The laboratory for calibration of -
spectrometers and for measurements of activity of 

radioactive sources -  emitters, Department of Nuclear 
Physics, University of Novi Sad - did the calibration of 
gamma-spectrometers on the efficiency, using the 
method of ASTM E 181-98/03 and (ASTM 2003), and 
using certified standards: a) 

152
Eu, Marinelli geometry, 

from a manufacturer of Framatome anp cerca, France, 
Model EU152EGR115, with an activity of 32.5 Bq 
[uncertainty of measurement was : 5%, the level of 
confidence was: 95% (at 2σ)], and b) 

241
Am, point source 

- Standard source, from a manufacturer of Framatome 
anp cerca, France, Model 9CH03EGSA20, with an 
activity of 437 Bq (measurement uncertainty 3.5% at 2σ). 
Ceasium 

137
Cs activity concentration was determined by 

the method of a low-phonic gamma spectrometry. Based 

on the intensity of the gamma line  = 0.661 MeV that 
were recorded in the measured spectra, the activity 
concentrations of 

137
Cs were calculated. 

 
 
RESULTS AND DISCUSSION 

 
The results of the gamma spectrometric analysis of the 
activity concentrations of the 

137
Cs in moss samples were
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Figure 4. Gamma spectrum of the moss sample No. 68 with a focused peak on the line at 661.4 keV-a (The specific 
activity of 137Cs in this moss sample was 1612 Bq/kg). 

 
 
 
collected from 92 sites throughout Bosnia and 
Herzegovina (Table 1). Most abundant moss species 
were Brachythecium capillaceum (F. Weber & D. Mohr) 
Giacom, Callicladium haldanianum (Grev.) H.A. Crum, 
Hypnum cupressiforme Hedw., Brachythecium albicans 
(Hedw.) Schimp., Bryum capillare Hedw. and Grimmia 
pulvinata (Hedw.) Sm. Radiocesium (

137
Cs) was detected 

in all samples of analyzed mosses. The concentration 
values in samples of 

137
Cs in moss explored areas, were 

in the range of 4 Bq/kg for Site No. 50, in the sea city - 
Neum, to 1612 Bq/kg for Site No. 68, Han Pijesak (Figure 
4). An average value of specific activities of 

137
Cs in 

analyzed samples of mosses in the Bosnia and 
Herzegovina has amounted to 139 Bq/kg. From the 92 
analyzed moss samples, 34 samples had a specific 
activity of 

137
Cs in the range of 4-50 Bq/kg of dry matter, 

27 samples had a specific activity of 
137

Cs in the range of 
50-100 Bq/kg of dry matter,  31  samples  had  a  specific 

activity of 
137

Cs in the range of 100-1612 Bq/kg of dry 
matter.  

The highest levels of radiocesium 
137

Cs of 1612 ± 97 
Bq/kg, were detected in the moss sample of:  
Brachythecium mildeanum (Schimp.) Schimp., with site 
number 68 in Han Pijesak (the sea elevation of 1084 m). 
At location No. 57 Gacko (the sea elevation of 1047 m), 
in the sample of Polytrichum commune L. moss, the 
activity concentration value of 

137
Cs was 1540 ± 90 

Bq/kg, which is the second highest measured value in the 
study. The lowest level of radioactivity of 

137
Cs was: 4 

Bq/kg and measured in a moss sample of Cratoneuron 
filicinum (Hedw.) Spruce, with site number: 50 in sea city 
- Neum (sea elevation of 65 m).  

The concentrations of cesium 
137

Cs in moss samples 
that were measured in the interval from 100 to 1612 
Bq/kg coul been seen in the Figure 5. The spatial 
distribution  of  radioactivity  of  

137
Cs  is  extremely   non-
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Figure 5. Moss samples in which the specific activity of cesium 137Cs was contained in the interval of 100 – 1612 Bq/kg. 

 
 
 
uniformed, as it can be seen from the Table 1. Activity 
levels of radioacesium in moss samples are considerably 
in variability from one locality to another, suggesting that 
its distribution and deposition are in the function of 
different meteorological conditions. Also, the processes 
of leaching and relocation of radiocesium could have led 
to a very uneven distribution of the radionuclide in one 
area. Maximal activity concentrations of 

137
Cs in this 

study were much higher than in previous study from 
Serbia (269 Bq kg

-1
) (Čučulović et al., 2012), and lower 

than result in Macedonia and Greece (2050 Bq kg
-1

) 
(Sawidis et al., 2009).  

There was a degree of dependence of 
137

Cs 
accumulation from moss species, places and sites of 
finding a substrate and from altitude. Although some 
kinds of mosses accumulate significant amounts of 
radionuclides, their radiation load is below the level that 
causes changes in the reproductive cycle of plants, which 
is the advantage of mosses, and among other things, it 
enables the usage of mosses as bioindicators of radio 
pollution of ecosystem.  

The results showed the expected variability of the 
activity concentration of 

137
Cs in different species of 

moss. Low apparent activity of moss is expected in the 
samples which were collected from the trees, since the 
growth medium of these moss is wood, which normally 
contains a much lower  activity  concentrations  of  soil  or 

humus. Based on the results of a gamma spectrometric 
analysis it can be concluded that on the majority of 
surveyed locations in Bosnia and Herzegovina are 
actually found the largest "collectors" of this radiotoxic 
environmental pollutant and those„ collectors “are 
mosses : Brachythecium mildeanum (Schimp.) Schimp, 
Polytrichum commune L., Grimmia pulvinata (Hedw.) 
Sm., Callicladium haldanianum (Grev.) H. A. Crum, and 
Bryum capillare Hedw. 
 
 
Conclusions  
 
Analyzed fissile radionuclide of cesium 

137
Cs is an 

anthropogenic radionuclide, which have fallen into the 
atmosphere as a result of thermonuclear bomb testing, 
which have started back in the year of 1949. Although the 
last great release of radionuclides was in April in the year 
of 1986, due to a disaster in Chernobyl, thanks to the 
long half life of a decay of 30.17 years. This researches 
has shown that it still exsists in the areas of the northern 
hemisphere. Thru relocation processes and through 
rinsing – the radionuclide of cesium 

137
Cs will be 

redistributed, but it will still be present for a long time in 
the ecosystem of Bosnia and Herzegovina. One should 
not expect that the radionuclide of cesium 

137
Cs levels 

should be  reduced  in  several  years,  or  in  one  or  two 
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Table 1. The specific activities of 137Cs (Bq/kg of dry weight) in moss samples from the 
territory of Bosnia and Herzegovina. 
  

S/N Location Species 
137

Cs
 

1 Modrac Brachythecium capillaceum 44 ± 6 

2 Tuzla Callicladium haldanianum 32 ± 5 

3 Ţivinice Brachythecium albicans 41 ± 6 

4 Banovići Brachythecium albicans 15 ± 5 

5 Olovo Hypnum cupressiforme < 5 

6 Sarajevo Brachythecium capillaceum 28 ± 6 

7 Igman Brachythecium mildeanum 32 ± 6 

8 Bjelašnica Bryum capillare 45 ± 7 

9 Boračko j. Brachythecium capillaceum 11 ± 4 

10 Ivan-Sedlo Brachythecium mildeanum 41 ± 6 

11 Fojnica Grimmia pulvinata 26 ± 5 

12 Zenica Brachythecium rutabulum 48 ± 7 

13 Nemila Hypnum cupressiforme 17 ± 3 

14 Zavidovići Callicladium haldanianum < 6 

15 Visoko Brachythecium albicans 53 ± 7 

16 Lukavac Brachythecium velutinum 49 ± 6 

17 Vareš Brachithecium rutabulum 14 ± 3 

18 Srebrenik Brachytecium velutinum < 6 

19 Gračanica Callicladium haldanianum 57 ± 7 

20 Doboj Hypnum cupressiforme 18 ± 3 

21 Tešanj Bryum capillare 25 ± 4 

22 Teslić Brachythecium capillaceum 73 ± 8 

23 Kotor V. Hypnum cupressiforme 44 ± 5 

24 Vlašić Bryum capillare 93 ± 9 

25 Travnik Grimmia pulvinata 168 ± 11 

26 Bugojno Brachythecium capillaceum 69 ± 7 

27 Ramsko jezero Polytrichum commune 13 ± 2 

28 Jablanica Brachythecium capillaceum 5 ± 1 

29 Mostar Grimmia pulvinata 74 ± 9 

30 Jajce Hypnum cupressiforme 55 ± 6 

31 Šipovo Callicladium haldanianum 440 ± 30 

32 Mrkonjić Grad Callicladium haldanianum 89 ± 8 

33 Ključ Grimmia pulvinata 122 ± 10 

34 Sanica Brachythecium capillaceum 54 ± 6 

35 Sanski Most Brachytecium albicans 33 ± 4 

36 Bos. Petrovac Bryum capillare 68 ± 8 

37 Kulen Vakuf Atrichum undulatum 39 ± 3 

38 Drvar Eurhynchium hians 270 ± 20 

39 Bosansko Gra. Brachythecium albicans 380 ± 30 

40 Glamoč Hygrohypnum eugyrium 72 ± 7 

41 Livno Polytrichum strictum 61 ± 6 

42 Tomislavgrad Brachythecium capillaceum 16 ± 2 

43 Buško jezero Hygrohypnum eugyrium 211 ± 15 

44 Posušje Grimmia pulvinata 88 ± 9 

45 Grude Hypnum cupressiforme 51 ± 6 

46 Široki Brijeg Callicladium haldanianum 41 ± 3 

47 Blagaj Brachytecium albicans 160 ± 10 

48 MeĎugorje Hypnum cupressiforme 22 ± 3 
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Table 1. Contd. 
 

49 Čapljina Callicladium haldanianum 270 ± 20 

50 Neum Cratoneuron filicinum 4 ± 1 

51 Hutovo blato Eurhynchium hians 7 ± 2 

52 Stolac Hypnum cupressiforme 101 ± 9 

53 Ljubinje Bryum capillare 14 ± 3 

54 Popovo polje Brachythecium populeum 43 ± 5 

55 Trebinje Brachythecium albicans 15 ± 3 

56 Bileće Hypnum cupressiforme 7 ± 1 

57 Gacko Polytrichum commune 1540 ± 90 

58 Čemerno Bryum capillare 56 ± 5 

59 Tjentište Pylaisia polyantha 64 ± 4 

60 Foča Eucladium verticillatum 221 ± 18 

61 Kalinovik Brachythecium mildeanum 151 ± 10 

62 Goraţde Brachythecium albicans 34 ± 3 

63 Pale Hypnum cupressiforme 121 ± 8 

64 Višegrad Brachythecium mildeanum 77 ± 6 

65 Rogatica Callicladium haldanianum 64  ± 5 

66 Podromanija Brachythecium albicans 223 ± 22 

67 Sokolac Brachythecium albicans 163 ± 17 

68 Han Pijesak Brachythecium mildeanum 1612 ± 97 

69 Kladanj Hypnum cupressiforme 133 ± 11 

70 Tišča Bryum capillare 93 ± 9 

71 Srebrenica Plagiomnium undulatum 168 ± 11 

72 Zvornik Brachythecium albicans 69 ± 7 

73 Kozluk Atrichum undulatum 13 ± 2 

74 Ugljevik Brachythecium rutabulum 5 ± 1 

75 Dvorovi Hypnum cupressiforme 74 ± 9 

76 Brčko Plagiomnium undulatum 55 ± 6 

77 Orašje Callicladium haldanianum 440 ± 30 

78 Gradačac Brachythecium albicans 89 ± 8 

79 Bosanski Brod Hypnum cupressiforme 122 ± 10 

80 Derventa Callicladium haldanianum 54 ± 6 

81 Prnjavor Brachythecium velutinum 33 ± 4 

82 Potkozarje Atrichum undulatum 68 ± 8 

83 Prijedor Hypnum andoi 39 ± 3 

84 Gradiška Polytrichum commune 270 ± 20 

85 Bosanska Dubica Pylaisia polyantha 380 ± 30 

86 Novi Grad Callicladium haldanianum 72 ± 7 

87 Bosanska Krupa Brachythecium mildeanum 61 ± 6 

88 Bihać Plagiomnium undulatum 16 ± 2 

89 Izarčić Brachythecium albicans 211 ± 15 

90 Cazin Polytrichum commune 88 ± 9 

91 Velika Kladuša Brachythecium albicans 51 ± 6 

92 Ponikve Brachythecium albicans 41 ± 3 

 
 
 
decades to the negligible values in mosses, for reasons 
of its absorption from the soil, which can be triggered by 
the wet weather, which is  present in recent years. 

Winning values for activity levels of 
137

Cs in moss 
samples on the territory of Bosnia and Herzegovina, in 
the majority of samples of moss are typical for the Balkan  

http://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=16255


 

 

 
 
 
 
area. 
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