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To assess the validity of the moss bag monitoring technique in the radioactivity control
of ground level urban air, a study on radionuclide contents in moss was performed in
the city of Belgrade, Serbia. From May 2006 to May 2007, moss (Sphagnum
girgensohni, Dubna, Russia) was exposed to the aero pollution in a location in the cen-
tral area of the city. The activity of 0K, 219Pb, and 137Cs was measured on an HPGe de-
tector (Canberra, relative efficiency 23%) by standard gamma spectrometry. The ac-
tivities 245 + 25 Bq/kg for 40K, 315 + 34 Bq/kg for 210Pb, and 28 + 4 Bq/kg for 137Cs
are in the range of values reported for the region; the differences are due to the moss
species, local climate and measuring technique. Taking into consideration the time of
the exposure and appropriate calibration procedure, moss bag biomonitoring could be
used as a complementary method for determination of radionuclides in urban air.
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INTRODUCTION

Due to their morphology, physiology, and aerial
spacing, mosses have comparatively higher efficiency
in accumulating elements and heavy metals than other
plant species. Therefore, in the late 1960s, moss
biomonitoring was used as a complementary technique
to classic instrumental methods in air pollution detec-
tion and control. Since then, mosses have been utilized
as bioindicators of radioactive contamination of the en-
vironment, global distribution of radionuclides follow-
ing nuclear weapon atmospheric tests, assessment of ra-
dioactive contamination of the environment after the
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nuclear plant accident in Chernobyl in 1986, and in ra-
dioactivity monitoring in the vicinity of nuclear power
plants [1-4]. Moreover, moss and lichen proved to be
reliable indicators of environmental contamination
caused by the military use of depleted uranium (DU) in
Bosnia and Herzegovina and Serbia, in the late 1990s
[4-7].

Since the moss biomonitoring indicates antropo-
genic sources of pollution in urban areas, it is included
in the standard control procedures in heavy metals pol-
lution in urban areas [1, 7]. Mosses accumulate ele-
ments continuously and thus provide data about pollu-
tion sources even long after the pollution episode took
place [8]. In urban areas, however, mosses are not often
found in sufficient quantities. To overcome this draw-
back, a method in which moss transplants are utilized,
the so called bag technique, has been frequently used.
The method has a number of advantages, such as: the
exposure time can be precisely recorded, concentra-
tions of different elements in the sample are known
prior to the exposure, and depending on the specific
needs an adequate location can be chosen. The main
disadvantage of the method is the unknown efficiency
of accumulation for different pollutants [1, 2].

The paper presents the results of determination
ofradionuclide contents in moss by moss bag monitor-
ing technique, performed in the city of Belgrade, Ser-
bia. The aim of this study was to assess the validity of
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the method for radioactivity monitoring and control in
ground level air.

EXPERIMENTAL

During one year (May 2006 to May 2007), the
samples of moss packed in bags of nylon net (Sphag-
num girgensohnii, Dubna, Russia, total mass 254.6 g)
were exposed in Belgrade central city area. The cho-
sen location is in the vicinity of a highway, and is one
of the pollution “black spots” in the city. Moreover,
that site is a sampling point for air radioactivity control
by filter paper method [9]. Prior to the transport and
exposure, the mosses were dried and cleared of soil
and other material. After being exposed in the native
state, the sample was divided into eight subsamples of
25-36 g (geometry Marinelli) to examine whether the
radionuclides’ distribution was uniform within the
sample.

The activity of three radionuclides, “°K, 2'°Pb,
and ¥7Cs, was determined with an HPGe detector
(Canberra, relative efficiency 23%) by standard
gamma spectrometry. The reference radioactive mate-
rial IAEA-373 (grass, with '34Cs, 137Cs, %K, and *°Srr,
total activity of 15 kBq dry weight on December 31,
1991) was used for geometric calibration. The count-
ing time was 58000 s, and the total standard uncer-
tainty of the method for the detected radionuclide was
16% for 49K, 20% for 2'°Pb, and 10% for 37Cs.

RESULTS AND DISCUSSION

Fission product '3’Cs and naturally occurring
40K and 2'°Pb were detected in all eight subsamples,
while "Be was detected only in one, with the activity of
60 Bg/kg. The absence of "Be in the subsamples could
be explained by its decay, since the period between the
sample arrival in the laboratory and the analysis was
nearly 60 days. The mean activities A (Bq/kg) of “°K,
210pp, and '37Cs in moss, along with their standard de-
viations, are presented in tab. 1, while the radioactivity
distributions in the divided subsamples of moss
(subsamples 1-8) are given in figs. 1, 2, and 3.

The distributions of the radionuclides’ content in
the divided samples differ within 30%. Considering
the standard uncertainty of the method and the volume
of the composite sample, the activity distribution
could be considered as rather uniform. The obtained
annual activities imply that the exposure time could be
reduced to a month, thus enabling a monitoring of sea-
sonal variations in the content of radionuclides in air.

Table 1. Activity of radionuclides in moss [Bq/kg]
40K 210pb 137CS
245 £25 315+34 28+4

Furthermore, as can be concluded from figs. 1, 2,
and 3, the activity ratio 2!°Pb/*’K is within the range of
1.16-1.56, with the mean value of 1.30. A constant ac-
tivity ratio 21°Pb/*°K could provide a sound basis for
the 2!°Pb activity estimation by solely measuring the
activity of “°K (which is more easily detected, and with
a lesser uncertainty than 2!°Pb). In future, this activity
ratio will be more closely examined.

The mean activities of the detected radionuclides
in moss were in the range of the values reported for the
local moss species in the region [10, 11], with some dif-
ferences. For comparison, the activities of radionuclides
in the local moss species in the area of Borovac, Southern
Serbia[11], are given in tab. 2. In that study, the moss was
sampled in the immediate vicinity of a site hitby DU am-
munition (Site 1) and 5 kmaway (Site 2). The differences
in activities given in tabs. 1 and 2 could be explained by
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Figure 1. Distribution of “’K activity in moss
(subsamples 1-8)
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Figure 2. Distribution of '°Pb activity in moss
(subsamples 1-8)
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Figure 3. Distribution of *’Cs activity in moss
(subsamples 1-8)
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Table 2. Radionuclides in moss, Borovac, South Serbia
(Bq/kg dry weight) [11]

Site 4K 210pp 137Cs "Be
1 178 £25 | 552+55 | 149+14 | 199+£30
2 298 +£42 | 210+52 | 226+22 | 228 £34

the differences in moss species, measuring techniques,
local climate, and soil characteristics. The soil in South-
ern Serbia is uncultivated and poor in potassium and al-
though the local moss species, which are different from
those used in the Belgrade study, absorb radionuclides
mainly from air, a small amount of radionuclides’ content
is due to the soil uptake too. On the other hand, the expo-
sure period, precisely defined in the Belgrade study, was
undefined for the moss sampled in Southern Serbia. All
these factors should be taken into consideration when
comparing the results of moss radioactivity monitoring
in different studies.

CONCLUSIONS

The annual (May 2006 —May 2007) mean activi-
ties of 4°K, 21°Pb, and 3’Cs obtained at a site in the
central city area of Belgrade, Serbia, by the moss bag
monitoring technique were 245 + 25 Bq/kg, 315 +
+ 34 Bg/kg, and 28 + 4 Bq/kg, respectively. The re-
sults are in good agreement with the results reported
previously. Our study showed that the exposure time
in the technique could be a month; thus, the moss bag
monitoring could be used to follow seasonal variations
in the content of radionuclides in air. Therefore, along
with the other advantages of the method, the moss bag
monitoring technique is adequate as a complementary
method for determination of radionuclides in urban
air.
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Hparana IOIIOBU'R, dparana TOOOPOBUH,
Jenena AJTUR, Jenena HUKOJINh

AKTUBHU BUOMOHUTOPUHI PAINOAKTUBHOCTHU
BA3AYXA Y YPBAHUM CPEIUMHAMA

Y mwby yrBpbmBama BajbaHOCTH TEXHMKE AKTHBHOI MOHHTOpPHMHTA TOMOhy MaxoBmHa y
KOHTPOJIH PainOaK TUBHOCTH IPU3EMHOT cJIoja aTMocdepe, Ha TepuTopuju rpafa beorpaaa cnposenena je
CTyAMja cajip>Kaja pafnonykinuaa y MaxosruHama. Op maja 2006. o maja 2007. roguHe, MaxoBuHa (Sphagnum
girgensohni, Jlyoua, Pycuja) u3marana je Ba3mymiHoM 3arabery Ha JIOKalWju y LEHTPY Trpaja.
KonnenTpanuja aktusHoct ‘K, 21°Pb u ¥’Cs mepena je HPGe perekropom (Canberra, penaTusne
eduracHocTH 23% ) METOJIOM CTaHAapjHe rama crekrpoMmeTprje. KoHIeHTpanuje akTMBHOCTH Off 245 +
+ 25 Bg/kg 3a YK, 315 + 34 Bq/kg 3a 2!'Pb u 28 + 4 Bq/kg 3a 1*’Cs cnajiajy y oncer BpelHOCTH U3MEPEHUX Y
PEruoHy; pasiuKe y pe3yiaTaTuMa MOTHYY Off BPCTE MaXOBHHE, JIOKAJIHE KINME U TEXHHKE Mepema.
¥Ys3umajyhu y o03up BpeMe usiarata U IpaBUJIHY INpoLeAypy KanuOpauuje, akTUBHM MOHUTOPUHI
MaxoBHHaMa MOXE ja Cce NPHMEHHM Kao KOMIUIEMEHTApHH MeTOJi 3a oApebuBame KOHIEHTpanuje
PaIMOHYKJIH/Ia Y Ba3[yXy Y ypOaHOM IOAPYY]Y.

Kwyune peuu: paouonyxauou, 8azoyx, 2paocka cpeound, akilugHu OUOMOHUILOPUHZ, MAXOBUHE, ZaMd
cileKipomepuja




