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The re sults of the gamma-spec tro met ric mea sure ments in a 16500 ha large re gion of
south-west ern Ser bia, are pre sented. Ac tiv ity con cen tra tions of 40K, 137Cs, and 210Pb in dif fer -
ent de cid u ous and ev er green trees in the re gion are in ves ti gated. For all the in ves ti gated iso -
topes, there is a ten dency that, on av er age, the low est ac tiv ity con cen tra tions were found in tree
stems, then in leaves, while the high est ones were in the soil. Sta tis ti cal anal y sis did not show
any dif fer ences be tween ac tiv ity con cen tra tions of leaves and nee dles, show ing that both leaves
and nee dles could be equally well used as a biomonitors.
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IN TRO DUC TION

As a con se quence of un con trolled us age of
Earth's re sources, re gen er a tion and sus tain able de vel -
op ment of dif fer ent eco sys tems is be com ing one of the 
man kind's main pri or i ties. For ests rep re sent a very im -
por tant eco sys tem, as they cover around one third of
the land area of Eu rope [1]. In Ser bia, 29.1 % of the ter -
ri tory is cov ered by for ests [2]. For ests are more prone
to at mo spheric pol lu tion as they have greater abil ity to
ab sorb it, com pared to other veg e ta tion types [3].

An in creased concentration of radionuclides in a
for est eco sys tem can lead to an in crease of ex ter nal ex -
po sure of hunt ers, rang ers, mush room pick ers, and
other groups of peo ple that spend some time in for ests
as well as, to an in crease of in ter nal ex po sure to those
us ing med i cal herbs, or eat ing wild ber ries [4].

Some con tam i nants of for est eco sys tems are
radionuclides that can be of nat u ral or ar ti fi cial or i gin.
Among the nat u ral ones, pri mor dial long-lived
radionuclides 40K, and radionuclides from ura nium
and tho rium se ries are pres ent in soil, while their pres -
ence in the air is usu ally neg li gi ble [5]. On the other
hand, prog e nies of 222Rn and 220Rn iso topes, from ura -
nium and tho rium de cay se ries, can be found in the air

as well. Be ing a good tracer, 210Pb, from ura nium se -
ries, with a half-life of 22.3 years, is in ter est ing to
mon i tor.

The first sig nif i cant con tam i na tion of for est by
137Cs, 90Sr and other ar ti fi cial radionuclides in Eu rope,
was in the pe riod of nu clear test ing in 50's and 60's and
the high est one due to Chernobyl ac ci dent in 1986 [6].
On the other hand, con tri bu tion of air borne radionuclides 
from the dam aged Fukushima Daiichi Nu clear Re ac tors
to Eu ro pean for ests was in sig nif i cant [7]. Due to its
half-life of 30.07 years and high mo bil ity, 137Cs is pres ent 
in the for est eco sys tem for de cades and can be come part
of the food chain and thus, rep re sents a health risk that is
in ter est ing to mon i tor.

Since for ests are ef fi cient ab sorb ers of pol lut -
ants, it is a mat ter of con cern to what ex tent
radionuclides stay in for est eco sys tems and con se -
quently, could have im pact on hu mans as they ex ploit
for ests' re sources. Cir cu la tion of ra dio ac tive con tam i -
nants in for est eco sys tems can be sim pli fied in a few
pro cesses. The first pro cess is in ter cep tion of con tam i -
nants by leaves, nee dles and branches of the can opy.
Con tam i nants could be ei ther ab sorbed by a tree can -
opy or fur ther trans ferred to the for est floor by pro -
cesses such as weath er ing (rain fall and wind) or leaf
fall. Radionuclide con tam i nants from the for est floor
fur ther mi grate to soil. In soil, they can mi grate to dif -
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fer ent lay ers of soil or can be ab sorbed by roots and
con se quently trans ferred to leaves or nee dles through
woody steams [8].

All these pro cesses vary in dif fer ent for dif fer ent
types of for ests, de cid u ous or ev er green, with dif fer ent
sizes of tree can opy, and de pend ent on the time of the
year [8]. In or der to un der stand the dis tri bu tion of
radionuclides in dif fer ent parts of woods (trees),
radionuclide con tent in tree stems of dif fer ent trees,
leaves or nee dles, de tri tus (tree floor) and soil in the for -
est eco sys tem of south- west ern Ser bia has been in ves ti -
gated. Moss and bark are known as a good biomonitors
[9, 10] and it is of in ter est to de ter mine whether some
other parts of trees could be used as biomonitors as well.

MATERALS AND METH ODS

In ves ti ga tion was con ducted in south-west ern
Ser bia, cov er ing the re gion of 16500 ha at an al ti tude
be tween 750 m and 1150 m, rich in nat u ral re sources.
It is a part of Dinaric Alps (Dinarides), mainly com -
posed of Me so zoic lime stones and do lo mite, de pos -
ited on the top of car bon ate plat form [11]. The most
dom i nant geo log i cal for ma tions are Golija and
Rogozna moun tains, and the Pešter pla teau. It is a vast
moun tain ous ter ri tory, with mild and sharp as cents,
river cuts and val leys, pla teaus, large com plexes of de -
cid u ous and co nif er ous for ests. The re gion is rich in
flora and fauna, clean wa ter with nu mer ous min eral
and ther mal springs. Hard wood trees cover 86.9 % and 
co ni fers 13.1 % of the to tal vol ume of all trees. The
most com mon spe cies are: ses sile with 17.7 %, cerris
with 8.6 %, black pine with 6.3 %, spruce with 4.6 %,
horn beam with 2.1 %, while other tree spe cies par tic i -
pate with less than 1.0 % [2].

An over view of the col lected sam ples of tree
stems, leaves or nee dles and de tri tus taken from dif fer -
ent de cid u ous and ev er green trees as well as the num -
ber of soil sam ples taken in close vi cin ity of those trees 
are given in tab. 1.

All en vi ron men tal sam ples were col lected and
pre pared ac cord ing to an ap pro pri ate guide book [12].
Soil sam ples were col lected from depths of up to 20
cm, ad ja cent to the trees from which the other sam ples
were col lected. In to tal, two soil sam ples near de cid u -
ous and eight soil sam ples close to ev er green trees
were col lected. The soil sam ples were dried, sieved
and packed in Marinelli beak ers. Sam ples of biota
were dried ei ther at a room tem per a ture or at 105 °C,
min er al ised at 400 °C, and packed in cy lin dri cal boxes
of 120 cm3 and 250 cm3 vol umes, de pend ing on the
sam ple size.

The mea sure ments were con ducted in the De -
part ment of Ra di a tion and En vi ron men tal Pro tec tion,
Vin~a In sti tute of Nu clear Sci ences, on three HPGe
de tec tors, mod els Can berra GC 2018-7500, Can berra
7229N-7500-1818, and Can berra GC5019-7500SL

with rel a tive ef fi ciency of 20 %, 18 %, and 50 %, re -
spec tively. The du ra tion of the mea sure ments ranged
from 12000 sec onds to 237000 sec onds. The mea sure -
ment ge om e tries were Marinelli beaker and cy lin dri -
cal ge om e tries of 120 cm3 and 250 cm3, de pend ing on
the ma trix and the vol ume of the sam ples.

The de tec tors ef fi ciency cal i bra tion was per -
formed by mea sur ing cer ti fied ra dio ac tive stan dard,
Marinelli beaker filled with ep oxy resin con tain ing
gamma emit ting radionuclides (prod uct 9031-OL-
419/12 is sued by Czech Metrological In sti tute) and a
set of lab o ra tory stan dards pro duced by spik ing the
cho sen ma trix with the cer ti fied ra dio ac tive mix ture
so lu tion ER X 9031-OL-426/12 is sued by Czech
Metrological In sti tute, In spec tor ate for Ion iz ing Ra di -
a tion. The ra dio ac tive so lu tion con tained the fol low -
ing radionuclides: 241Am, 109Cd, 139Ce, 57Co, 60Co,
137Cs, 203Hg, 113Sn, 85Sr, and 88Y, with the en er gies that 
span from 59 keV to 1898 keV. The ma tri ces and ge -
om e tries were cho sen in such a way to match best the
ge om e try and ma trix of the mea sured sam ples.
Namely, Marinelli beaker filled with coal and cy lin dri -
cal ge om e try filled with ashed grass and coal were
used. The prep a ra tion of the sec ond ary ref er ence ma -
te rial was con ducted as de scribed in [13].

Net count was cor rected for the back ground and
co in ci dence sum ming via co in ci dence sum ming cor -
rec tion fac tor cal cu lated us ing EFFTRAN [14] for cy -
lin dri cal ge om e try and MEFFFTRAN [15] for
Marinelli beaker. The com bined mea sure ment un cer -
tainty of the ac tiv ity con cen tra tion was cal cu lated by
us ing stan dard er ror prop a ga tion for mula and is given
at the 95 % level of con fi dence. Min i mum de tect able
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Ta ble 1. An over view of col lected bi o log i cal sam ples
taken from dif fer ent de cid u ous and ev er green trees and
soil sam ples taken in vi cin ity of these trees

Name of tree Num ber of sam ples

Com mon
name Latin name Tree

stem
Leaves/
nee dles De tri tus Soil

De cid u ous trees

Eu ro pean
beech

Tur key oak
Wild cherry

Wil low
Al der

Com mon
horn beam
Eu ro pean
crab ap ple

Field ma ple
Com mon

ha zel
Ses sile oak

Fagus sylvatica
Quercus cerris
Pru nus avium

Salix alba
Alnus glutinosa

Carpinus betulus

Malus sylvestris
Acer campestre

Corylus avellana
Quercus petraea

2

1
1
1

1

1
2

1
2

1

1

1

1

2

1

1

1

Ev er green trees

Black pine
Douglas-fir

Scots pine
Spruce

Blue berry

Sil ver fir

Pinus nigra
Pseudotsuga

menziesii
Pinus sylvestris

Picea abies
Vaccinium
myrtillus
Abis alba

2
1

1
3
1

1

2
2

1

1
1

1
1

1

2
1

2
2
1



ac tiv ity (MDA) was cal cu lated us ing stan dard Cur rie
method [16].

Al though the trans port of radionuclides from
soil to a plant de pends on many pa ram e ters, such as
physicochemical prop er ties of soil and radionuclides,
struc tural and bio chem i cal fea tures of plants, trans fer
fac tors are used to es ti mate the amount of ra dio ac tive
con tam i na tion in in ves ti gated or gan isms from the am -
bi ent en vi ron ment. Trans fer fac tor, TF: soil-to-leaves,
and soil-to-tree stem, were cal cu lated by us ing [17, 18]

TF
A

A
i

j

= (1)

where Ai (Bqkg–1 dry weight) is the ac tiv ity con cen tra -
tion of leaves and tree stem, re spec tively and Aj (Bqkg–1

dry weight) – the ac tiv ity con cen tra tion of soil.

RE SULTS AND DIS CUS SION

Ac tiv ity con cen tra tions of 40K, 137Cs, and 210Pb for 
all the sam ples are given in Becquerel per ki lo gram of
dry weight. De scrip tive sta tis tics (max i mum, min i mum,
and mean value with stan dard de vi a tion) of ac tiv ity con -
cen tra tions of radionuclides in tree stem, leaves and nee -
dles, de tri tus, and soil are given in tab. 2, while the graph -
i cal rep re sen ta tion of mean radionuclide con cen tra tion
of these sam ples is shown in fig. 1. Ac tiv ity con cen tra -
tions of 40K range from 4.3 ± 0.6 Bqkg–1 (Pinus
silvestris) to 82 ± 5 Bqkg–1 (Quercus cerris) for tree stem, 
from 59 ± 7 Bqkg–1 (Pinus nigra) to 160 ± 20 Bqkg–1

(Carpinus betulus) for leaves; 44 ± 7 Bqkg–1 (Fagus
sylvatica) to 160 ± 10 Bqkg–1 (Carpinus betulus) for de -
tri tus, and from 62 ± 5 Bqkg–1 to 970 ± 60 Bqkg–1 for soil.

Ac tiv ity con cen tra tions of 137Cs range from <0.009
Bqkg–1 (Malus sylvestris) to 2.5 ± 0.2 Bqkg–1 (Fagus
sylvatica) for tree stem, from <0.1 Bqkg–1 (Pinus nigra) to
13 ± 0.8 Bqkg–1 (Picea abies) for leaves; 2.2 ± 0.1 Bqkg–1

(Picea abies) to 96 ± 6 Bqkg–1 (Picea abies) for de tri tus
and from < 0.1 Bqkg–1 to 410 ± 20 Bqkg–1 for soil.

Ac tiv ity con cen tra tions of 210Pb range from <0.3
Bqkg–1 (Pinus nigra) to <5 Bqkg–1 (Corylus avellana),
for  tree stem, from 24 ± 1.5 Bqkg–1 (Picea abies) to 150 
± 20 Bqkg–1 (Fagus sylvatica) for leaves; 32 ± 6 Bqkg–1

(Quercus petraea) to 380 ± 50 Bqkg–1 (Picea abies) for
de tri tus and from <2 Bqkg–1 to 450 ± 40 Bqkg–1 for soil.

The ob tained re sults are in agree ment with the
re sults re ported in the re gion and world wide [17,
19-23]. A wide range of radionuclides' con tent was
found in all groups of sam ples, which leads to a large
spread of val ues around mean value (large stan dard
de vi a tion). On av er age, ten dency could be ob served
for all the iso topes, that the low est ac tiv ity con cen tra -
tion is de tected in the tree stem, me dium in the leaves
and the high est in soil. The high est con cen tra tions of
40K and 137Cs were found in soil, which is not sur pris -
ing since 40K gen er ally or i gins from soil and most of
air borne 137Cs has mi grated to soil, since last larger
gen er a tion of 137Cs that could in flu ence the in ves ti -
gated re gion was dur ing the Chernobyl ac ci dent. The
translocation of po tas sium goes from older plant parts
to de vel op ing parts, from tree stem to branches and
leaves, dur ing the veg e ta tive growth [24], there fore,
the low est con cen tra tion was found in tree stems and
higher in leaves. Since cae sium, as po tas sium, is a
group I al kali metal, it could be roughly ex pected that
Cs+ up take a fol lows sim i lar mech a nism as for K+ up -
take, and there fore it is not sur pris ing that 137Cs con -
cen tra tion was also lowest in tree stem as for 40K. 

In the case of 210Pb, the high est con cen tra tion,
on av er age, was found in de tri tus. The or i gin of the
210Pb in de tri tus as well as in leaves is two fold: one is
from the soil, and an other is the de po si tion from the at -
mo sphere [17]. In ves ti ga tion of sta ble lead iso topes
206,207,208Pb, has shown that Pb up take from mor layer
and min eral soils is 0.03 and 0.02 mg m–2 per year
respectively, while the Pb up take di rectly from the at -
mo sphere is 0.05 mg m–2 per year [25].

The amount of fo liage in the tree can opy, known
as leaf area in dex (LAI) is an im por tant pa ram e ter in
the de scrip tion of its in ter ac tion with the at mo sphere.
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Ta ble 2. De scrip tive sta tis tics of 40K, 137Cs, and 210Pb ac tiv ity 
con cen tra tions in tree stem, leaves and nee dles, de tri tus,
and soil. Mean val ues are given in the form of mean ±
stan dard de vi a tion while in the case of mea sure ments
be low de tec tion limit mean val ues are given as an up per
limit

Radionuclide
(Bqkg–1 dry

weight)
Tree stem Leaves

/Nee dles De tri tus Soil

40K

Min 4.3 ± 0.6 59 ± 7 44 ± 7 62 ± 5

Max 82 ± 5 160 ± 20 160 ± 10 970 ± 60

Mean 21 ± 18 114 ± 30 89 ± 45 500 ± 270

137Cs

Min <0.009 <0.1 2.2 ± 0.1 <0.1

Max 2.5 ± 0.2 13 ± 0.8 96 ± 6 410 ± 20

Mean 0.52 5.6 22 ± 29 95

210Pb

Min <0.3 24 ± 1.5 32 ± 6 <2

Max 3.2 ± 0.5 150 ± 20 380 ± 50 450 ± 40

Mean 1.6 62 ± 40 170 ± 105 100

Fig ure 1. Mean value of ac tiv ity con cen tra tions of 40K,
137Cs, and 210Pb in tree stem, leaves/nee dles, de tri tus and
soil



The higher the LAI, the higher would be the abil ity for
the wet de po si tion of radionuclides in the fo liage. The
world wide av er age value of LAI for for est tem per ate
ev er green nee dle is slightly higher than LAI for the de -
cid u ous leaf, al though within the mea sure ment un cer -
tainty, while its max i mum is twice the max i mum of
LAI for de cid u ous trees [26]. Au thors have in ves ti -
gated whether there is a sys tem atic dif fer ence in
radionuclide con cen tra tion in leaves and nee dles in
our in ves ti gated re gion. The ob tained means of the ac -
tiv ity con cen tra tion of 40K, 137Cs, and 210Pb for de cid -
u ous trees are: 140 ± 26 Bqkg–1, 4.9 ± 7.1 Bqkg–1, and
85 ± 57 Bqkg–1, re spec tively, while for ev er green trees
are: 102 ± 25 Bqkg–1, 5.9 ± 4.8 Bqkg–1, and 52 ± 31
Bqkg–1, re spec tively. To check whether there is a dif -
fer ence in the mean ac tiv ity con cen tra tions of 40K,
137Cs and 210Pb in leaves and nee dles, a two sam ple
Stu dent's t-test with sig nif i cance level of a = 0.05 was
ap plied. The ob tained p-val ues of 0.09, 0.58, and 0.22
for 40K, 137Cs, and 210Pb, re spec tively in di cate that
there are no sta tis ti cal dif fer ences of mea sured ac tiv ity 
con cen tra tions be tween leaves of de cid u ous and nee -
dles of ev er green trees.

Soil-to-leaves and soil-to-tree stem trans fer fac -
tors for 40K, 137Cs, and 210Pb, cal cu lated only for sam -
ples with ac tiv ity con cen tra tions above MDA are
given in tab. 3.

The ob tained re sults for soil to leaves trans fer
fac tors are within the range of the world wide re sults
[17, 19-21, 23, 27].

Soil to leaves trans fer fac tor of 40K is sys tem at i -
cally higher than trans fer fac tor from soil to the tree
stem, which is ex pected since K+ translocation goes
from older tree parts to the de vel op ing ones, as al ready
men tioned [24]. Al though only two mea sur able re sults 
were ob tained, soil to leaves trans fer fac tor higher than 
one for 210Pb, in di cate that an im por tant source of
210Pb in leaves is from at mo spheric de po si tion. Also,
only two re sults for trans fer fac tors were found for soil
to leaves and soil to tree stem and they dif fer by two or -

ders of mag ni tude. To un der stand the re sults, larger
sta tis tics is re quired.

CON CLU SIONS

In this manu script, radionuclide con tent in dif -
fer ent parts of typ i cal de cid u ous and ev er green trees of 
for est eco sys tem lo cated in south-west ern part of Ser -
bia was in ves ti gated. For the in ves ti gated
radionuclides 40K, 127Cs, and 210Pb, a trend was ob -
served that, on av er age, the low est ac tiv ity con cen tra -
tions were found in tree stems, then in leaves, while the 
high est ones were in soil.

Al though world wide data in di cate that LAI is
slightly higher for for est tem per ate ev er green nee dles
than for de cid u ous leaves, Stu dent's t-test did not in di -
cate any sta tis ti cal dif fer ences of mea sured 40K, 127Cs,
and 210Pb ac tiv ity con cen tra tions be tween leaves and
nee dles.

De rived trans fer fac tors of 40K from soil to tree
stem and from soil to leaves con firm that the trans port
of po tas sium ions goes from the tree stem to the de vel -
op ing parts of plant. Higher ac tiv ity con cen tra tions of
210Pb in leaves than in soil in di cate that im por tant con -
tri bu tion to 210Pb ac tiv ity con cen tra tion is from the at -
mo sphere which is also con firmed by Todorovi} and
co-au thors [17] un der ly ing ef fect of 210Pb ac cu mu la tion 
in leaves. There fore, the abovementioned re sults in di -
cate that leaves could be used as good biomonitors.
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Sabahudin H. HADROVI], Igor T. ^ELIKOVI], Jelena D. KRNETA NIKOLI],
Milica M. RAJA^I], Dragana J. TODOROVI]

SADR@AJ  RADIONUKLIDA  U  [UMSKOM
EKOSISTEMU  U  JUGOZAPADNOM  DELU  SRBIJE

U ovom radu predstavqena su gama spektrometrijska merewa u regionu veli~ine 16500 ha,
koji se nalazi u jugozapadnom delu Srbije. Ispitivane su specifi~ne aktivnosti 40K, 137Cs i 210Pb u
razli~itim vrstama listopadnog i zimzelenog drve}a, prisutnog u regionu. Za sve ispitivane
izotope je uo~en trend da su najni`e specifi~ne aktivnosti u proseku izmerene u stablu, potom u
li{}u, dok su najvi{e u zemqi{tu. Analiza je pokazala da ne postoji statisti~ki zna~ajna razlika
u specifi~nim aktivnostima li{}a i iglica, {to ukazuje na ~iwenicu da se li{}e i iglice mogu
podjednako dobro koristiti kao biomonitori.

Kqu~ne re~i: {umski ekosistem, zimzeleno drvo, listopadno drvo, gama spektrometrija,
.........................specifi~na aktivgnost, 40K, 137Cs, 210Pb


