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In 1985 and 1986 (post Chernobyl) moss, stream detritus and soil were 
sampled in the region of the Bruvno :brachy-anticline, in the ca11bonate 
terrains of south-western Yugoslav.ia .. The necessity for continuous monitor­
ing of th~ long•living radionuclides beha'Vliour has ibeen imposed for a longer 
time period, b~ause of the radionucLides entering the whole geochemical 
cyole. · · 

An insignificant presence of 117Cs was determined in the samples taken 
in· November 1985. Samples taken an June 1986 showed a significant presence 
of i.o~u, 134(;s and 1~1Cs. On the basis of the measured s.pecifiic activil'ties, the 
values of the moss/stream detritus concentration factors were determined. 

U karbonatnim terenima jugozapadne Jugoslavije na podrucju bruvanj­
ske brahiantiklinale uzimani su uzorci mahovine, doliinskog detI1irtusa .i tla 
u 1985. d 1986. godini. Radi ulaza radionuklida u cijeli geokemijSki oi.klus na­
meee se potreba za kontrolnim pracenjem pona~anja dugozivuCih radionu­
'ltlida u dU.Zem vremenskom periodu. 
. u uzorcima 1985. godme utwdeno je neznaitno prisustvo radionuklida mes. 
U odn.osu. na 1985. godinu u · 1986. godiini ·sa.dmi.j 1oa.Riu, 134Cs d 1170s biltno je 
povecan. Na osnovi irz:mjerenih specifiienih aktivnosti odredene su wijednosti 
koncentracijskdh faktora mahovina/dolinski detritus. 

) . 

; . 
INTRODUCTION 

Sampling of moss, stream detritus and soil from the nine spr.ings in 
Bruvno rbra~hy-anti~line region, was carried out at November 1985. The 
aim was to analyse distr.iibuti:0n af some trace elements. After the Cher­
nobyl disaster, we found out that resampling ,tJhe same localities would 
provide usefull data about degree of contamination caused by radionud.i­
des originated only as fission products. In that case, content of the same 
elements in ·tl:te samples collected in November 1985 could rbe considered 
as hadkground values. Because of their relatively long half.Jlife time, the 
specific activi•ty of the radionucliqes 10sRu, mes and 137Cs in samples of 
all three geochemical media was measured. . 

Bruvno braichy-anticline is built of pa'leosoic core covered by Mesozoic 
(Triassic) limestones and dolomites in the •pericHnal bedding. Subordi­
nately elastics and tuffitic elastic are present. 
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Investigated region is characterized by the low karst type of relief with 
poor river systems. Water only circulates through the Triassic rOC:ks. The 
existing springs are fed by gravity with capacity ranging from 1 to 10 
liters per second. The soil is poorly <leveloped, mainly on leveled areas 
and in stream valleys where mainly red soil and brown undifferentiated 
soitl are present. Only a thin humus fayer and a thin leached horizon are 
developed. -:: 

SAMPLING METHODS AND AiNAf.YSIS 

The following three geochemical media have been 1studied: moss and 
stream detritus from springs or within 20 m downstream, and soil ne­
arest to •the springs. 

In field moss in contact with water was sampled by hand from about 
10 places. The most frequently ocour.ring species was sampled and was 
immediately washed in clean water. 

Stream detritus samples were collected by compositing at least 10 
handfuls of stream detritus from a d:ifferent places. The samples were 
placed in small cloth bag. 

The fii:rst soil sampling was made at a depth iranging from 15 to 30 cm 
from the surface, while the second one consisted in taking the 15 cm of 
the soil profile below the horizon A1 (2-5 cm from the surface). 

In the laboratory the moss samples placed in holders were, thoroughly 
rinsed in running water. When the water in the holders was completely 
clean, ·the moss was also considered to free of elastic dirt or other parti­
oles; it was then dried at 60 oC. The samples of the stream detritus and 
soil were dried at the same temperature and then sieved. 

The material for the analysis was -taken after sieving through a 83 µm 
sieve. 

The radioaotivity of the radionuclides 1113&u, mes and 137Cs in the sam­
ples was measured by ·the gammaspectrometric method us:ing Canberra 
4096 channel analyzer. Samples were analyzed. in Marinelli holders of 
250 to 500 g and in plastic holders of 100 •g, depending on the amount 
of the samples available. The gammaspectrometric measurements were 
made with a Canberra »Closed and Coaxial« Ge(Li) detector with the sen­
sitivity volume of about 50 cm3 , an eiffi.ciency of 15.70/o and a resolution 
of 1.89 1keV; ,the »J>eak to Compton« ratio was 41:1 for the 60Co ene:rigy of 
1332.5 ik.eV. 

Ca:li!hration for efficiency was made using a 152Eu cal1bration source in 
the same geometry as that for the samples. The efficiency-curve error 
was about 50/o. 

The specific activity of radionudides in the samples was determined 
by absolute measurements on a Ge(Li) semi-conductor detector. The me­
asuring-time for one sample was from 1 000 to 10 000 s. The area .of the 
characteristic spectral lines was determined by the following relation 
(W. B. Bowman and D.L. Swindle, 1976): 

· N1 N3 ( + ) A = N" - N2 -N1 1 
2 
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where: 
A - area of a spectra'l line, 

NP - total number of impulses below the photopeaik of a spectral line, 
N1 - impulse number in the front-channel of the photopeak, 
N2 - ·impulse number in the end-channel of the photopeaik. 

The coriresponding areas of the background radiation were sUJbtracted 
from the area of the spectral lines of the sample. The measured areas of 
the spectral Hnes gave the specific radionuclids activity as follows: 

Bqlkg 

where: 
A. - sample's specific activHy for the measured radionuclides (Bq), 
m - weight of a sample (kg), 
E - detector efficiency for the .given energy 

I - intensity of the observed spectral line. 

The statistical error of the specific activity is determined by the follo­
wing relation: 

0.1 = N ( ) 2 N1, + - L + Np-L ez 
M 

where: 
o., - standard deviation of the measured specific activity 
N - number of channels included in the calculation of activity, 
M - number of channels for ·the calcu.lation of the basic radiation, 
L - content of cihanels for the caloulation of the baokground, 
Z - error related to the error in the estimation efficiency and 

the weight of the sample. 

Low Level Detection (LLD) from the Table 2 to 4 was calculated by 
the following equation (A .k i r a Nakaoka et al., 1980), 

(LLD) = o,s (1 + 2 Y2 c JftB) 
CE YW it 

where E is the detection ef.ifioiency of -the radionuclide under oonsidera­
tion for the ·detector; C is •the coefficient of variation (decided as 03); tis 
sample comuting .time; Y is the r-ray emission fraction of ·the radionu­
clide under consideration; Bis the baok.ground comitmg rate (ops), and 
W is the sample amount. 

T1he half~life time, the ene:iigy and the absolute intensites af the measu­
red gama•level·s are Usted in Talble 1 (G. E ird t man !11, and S. We r­
n er, 1979). 
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Table - Tabela 1. 
Characteristics of the measured radionuc,lides 

Ka.rakteristike mjerenih radionuklida 

Half-life time Enerigy . Intensity Radinudides Vrijeane Energija Intenzitet Radiorrukllidi poluraspada (tkeV) ~/1) (d) ,, 

lOSR.u j9J 497.0 ""8();4 .. :...()3 

tS4Cs 753.0 795.7 85.4--0.3 
1a1cs 10723.0 661.6 84.(r..().5 

. RESULTS AiND mscuss~ON 

Four species of moss were collected from nine localities {Fig. 1). The 
species Platyhypnydium riparioides wa:s deter.mined m four samples, tihe 
species Cratoneuron commutatum in ·two samples, Cratoneuron filici­
num in two samples, aind Brachythecium sp. in one sample. Differences 
,in the albsorption of elements in various moss Sipecies have not l;>een de­
termined yet (S. Pirc, 1984). In moss, soi'l and stream detritus sam­
ples f.rom Novembre 1985 only 137Cs was present (Table 2-4). This radio­
nudid is remained in natural materials afte~ the earlyer nuclear testings. 
Only ,the samples from June 1986 {moss, stream detritus ,and soil) conta­
in all three radionudides. The highes·t measured specific activities were 
found in moss (Table 2) . 

Location 
Lokacija 

1 
2 

3 
4 

5 

6 

7 

8 

9 

Tab1e - Tabela 2. 
Specific activity uf moss (Bq/kg) dry weight 

Specificrta. aktivnost mahO'Vline (Bq/kg) suhe tefine 

1985 
(lLD) 

<5 

< 5 
< S 
< 5 

< 5 

< 5 

< 5 

< 5 

<S 

·Radiopqclid_es 1, 

io~u 

1986 

RadionUJklidi. 

1985 
(ILD) 

U4Cs 

1986 

111cs 
- --~~--- - ---, 

1985 1986 
(Il..D) .. . -::--

3144 ± 181 < 6 
1808 ± 118 . < 6 

913 ± 96 < 7 1913 ± 2H 

15911 ± 936 < 6 

925 ± 86 < 6 

2883 ± 167 < 6 

4340 ± 241 < 6 
296± 26 < 6 

770 ± 51 < 6 

·1033 ± 62 < 6 

707 ± 62 
, 7844 ± 750 

735 ± 22 

398 ± 31 ' 

709 ± 62 

66 ± 12 

82 ± 7 
159 ± 16 

<6 1433 ± 155 

< 1 ' 1443.1 ± 1508 
< 7 253± 60 

< 5 708± 79 
<7 1681 ± 185 

< 8 .. 98 ± 15 
l( 4 178 ± 26 

<t 269 ±: ·25 
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LEGENDA: 

v-11 dolomjti i YAiirenc i !II] yp~nci i dolOl)'liti;1uti1.stijener.-;-:i klas\iti 
[.__LJ dolomrtes.~rlleslone limestone.dolomnes;tulfrt.rocks L!....!..J elastic rocks 

F==t dolaniti i ~;lufit .~st~i ""1 dolomit i mjesto uzorkovar\ia 
bd <titomites.linestone;tultotic Clos ~ dolanites • 1 sampling point 

tic rocks · 

Slilo 1 : ShemctslcJ geotoSio karta bru..anjske brohiontiklirole 

Fig 1 : Shemotic geological sks:to of the Bn.Nno brochy-or«icline 

It cor.respoo:ids with data m 'literature (S. P ii: rc, 1984, and H. T. 
Shac :k ·le1: te, 1965). According to them the differences between low 
and high values of ithe conitent of elements in the moss are larger than in 
stream detritus and they better reflect anomalous regions, or in this ca­
se, the contaminated regions. These ohall'acteristics of moss are suppor­
ted by ·the values of moss sediment concentration factors that, at the so­
me localities, reaoh value of 12 (Table 5). Lf we consider the value of the 
measured radionuclides' radioactiviity in samples from 1985 as backgro­
und, a ·significant .increase in the radioactivity in 1986 is noticaible. This 
conclusion is in concordance with the estimation daita on the contamina­
tion of the Croatian territary caused by die radioactive rainfalls (S. L u-
1 i c et al., 1986). 

At the sanie localiity where the samples of moss, stream detritus and 
soil were taken in the .period from Aprill, 28th to May, 20th, 1986 the con­
taminated. ground was defined by rain. The contamination af the .ground 
by rain for die mentioned radionuclides (1StJ, isrre, 1n1, io3R:u, 1a1cs, 140Ba, 
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uo,La and 1s'Cs in a deoreas1ng order) that were released ibecause reactor 
accident in ChernOibyl contains 209000 Bq/m2• By this level of contami­
nation only about 90/o of the total territory of Croatia was included. The 
six radionuclides, that caused the contamination of the ground and we­
re evaluated take active part with 92°/o in the total measured radioacti­
vity of ra:in from May, 4th 1986. Other radionuclides that take part in the 
rest of 80/o of tota'l radioactivity of rain are, 99Mo, 106Ru, uice, Dszr, sH, 
125Sb, eosr, BOSr and ttOmAg in a decreasing order. ln 'the mentione d value 
of the contamination of the ground the contriibution of the radionucLides 
mes and 137Cs contains 11309 Bq/mi. while the contr.ihut:ions of other 

Table - Tabela 3. • 
Specific activity of stream detritus (Bq/kg) dry weight 

Specifibla, aktiivnost dolinskog detritusa (Bqfk,g) suhe tezine 

-RC.:di~~~lides 
Location Rad:iont11klidi 

1 
2 
3 
4 
5 
6 
7 
8 
9 

IO&Ru mes 117Cs 
~ - · - "I • • l 

, --- l98s ------.1986 - lP ;> i9s5· . 1986 1985 1986 
(LLD) (LLD) .· (ILD) 

<S 
<S 
<S 
<S 
<S 
<S 
<S 
<S 
<S 

836± 44 
150 ± 35 

3175 ± 143 
223 ± 26 
509 ± 41 
707 ± 38 
145 ± 12 
196 ± 14 

1877 ± 90 

<6 
<6 
<6 
< 6 
<6 
<6 
<6 
<6 
< 6 

565 ± 56 . < 10 
158 ± 17 < 9 

1344 ± 130 < 14 
100 ± .15 < 8 
366 ± 37 < 7 
393 ± 40 < 14 
83±10 <6 
96 ± 11 -:~ < 7 

970 ± 93 ' < 12 
........... - ..,...,.,._----..- ... 

Table - Taibela 4. 
Specific activity of soil (Bq/kg) dry weight 
Specifi~na aktivnost tla ~Bq/kg) suhe. teZine 

1~~· ~ ~~; 
2773 ± 290 
282 ± 30 
557 ± 60 
752. ± . 83 
169 ± .19 
152 ± 19 

1897 ± 200 

- - -- - .. -- '" T Radioi{uclldes · - · ~ -~ 

Location Radionuklidd 

IO~U t!J'4Cs mes 

. 1985 (LLD) 1986 1985 {Lw) -f986 --H- '198S1~J1fif>)- .. t9S6 
• , 1 t • t I ~ l -··--- ~~- -.---.- ---~-~ -~---- -~ 

1 < 5 31 ± 6 < 6 13 ± 1 < 10 99 ± 11 
2 < 5 86 ± 8 < 6 29 ± 3 < 10 212 ± 22 
3 < 5 209 ± 12 < 6· 48 t: 5 <1 8 82 ± 9 
4 < 5 115 ± 11 < 6 34 ± 3. < 5 95 ±: 10 . 
5 < 5 119 ± 12 < 6 80 ± 8 < 4 153 ± 16 
6 < 6 36±5 ~6 7±1 <6 62±7 
7 < 6 33 ± 6 < 6 12 ± 1 < ,10 5Z. ± 6 
8 < 5 93 ± 8 ' < 6 23 ± 3 < 9 68 ± 7 
9 < 5 135 ± 12 < 6 so± 5 < 10 156 ± 17 
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Table - Tabela 5. 
Moss/s tream detritus concentration factor 

Koncentracijsiki faktor mahovina/dolinski detriitus 

Radionuclides 
Location Radionuklidi -- ·--

JOI Ru IS'Cs in cs 

1 3,76 1,61 1,85 
2 12,05 4,47 3,36 
3 5,01 5,83 5,20 
4 4,15 7,35 0,89 
5 5,66 1,08 1,27 
6 6M 1,80 2,23 
7 2,04 0,79 0,58 
8 3,93 0,85 1,17 
9 0,55 0,16 0,15 
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four radionuclides contains 52000 Bq/ m2 - all calculated on May,· 20th 
1986. As the statistical evaluation based on •a rnther small amount of 
data, there exists a possibility.·that ·the values obtained by the investiga­
tions do not -need to ibe the max:ima for thls area. 

RadionucUdes from the radioactive rain entered into the whole geo­
chemical cycle, so ithe necessity for a long-term monitoring of their be­
haviour was dmposed. The moss will be used sa an indicator af radioac­
tive pollution variations in this area, based on the presented results. 

CONCLUSION 

Moss, stream detritus and soil samples were oollected from various 
springs at nine localites m the Bruvno brachy-v.mtioline area during No­
vember 1985 and June 1986 (post Chel1Ilobyl period) and analyzed for the 
radtionucHdes 10aRu, 114Cs and 137Cs by the gammaspectrometric method. 

A significant increase in II'adioactivity was recorded in all ·the moss, 
stream detritus and soM collected in June 1986 relative to November 1985 
samples. Radionuclides went through a oomplete geochemical cycle and 
still remained dn higher or lower concentration in all the phases. 

This imposed the need for a continuous monitoring of the radionucli­
des behaviour in order to study changes in specific geochemical media 
that give diirect evddence of ecological alterations. The result of this work 
indicates that .the most favourable indicaJtor for &Uch a monitoring is the 
specific activity of radionudides measured on moss samples. 
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Distrlbucija m Ru, 131es i mes u razlic itim geokemljskim sredinama 
u okolini Bruvna u 1985 . i 1986. godini 

1, Dravec-Braun, S. Lulic i K. Braun 

U novembru 1985. godine sakupljeni su uzorci mahovine, dolinskog detritusa i 
tla s devet izvora u podrucju bruvanjske braliiantiklinale, sa svrhom odredivanja 
distl1ibucije mi'kroelemenata. Nakon katastrofe u Cemobilu za:kljuciH smo da bi 
bilo korisno na istim mjestima ponovit:i uzorikovanje u istim geokemijskim sred i­
nama d analizirati uzorke sakupljene u novembru 1985. i u junu 1986. godine, na 
radionuklide :koji •nisu prirodnog postanka vec SU produkti fisije. Smatrali smo 
da uzorci iz 1985. godine odmZavaju imtlto stanje prije cemobii.lske nesreee, dok Ce 
uzorci sakupljeni u 1986. godini .pokazaH intenzitet kontaminacije gedkernijskih 
sredina koje su uzorlcovane. 

\Kao najipogodniji elementi, zbog njihovog relativno dugog vremena poluraspada 
u odnosu na preostale radionuklide koji su stvoreni fisijom {131J, 111Te, 132J, u&Ba, 
144La), .w;eti SU 103Ru, 134Cs i 187Cs. Specifiena aiktivnost ovih elemenata odredena je 
gamaspektrometrijskom metodom. 

Poznato je da je bruvanjska brahiantiklinala izgrac:tena od paleozojske jezgre 
(karbon) koja wlo malim d1jelom izlazi ·na povr5inu, oko koje perHdinalno sJ.ijede 
mezozojstki sedimenti predstavljeni vapnencirna i dolomitima, podrec:teno s klasti­
tima, au gornjem trijasu i tufiticnim klastitima. 

Teren se karakterizira niskiim krskim reljefom s maUm slivovi!llla. Vode cirlm­
liraju samo u trijaskim naslagama. Izvori koji ovdje postoje su gravitacijski, kapa­
citeta 1~10 lf's. Tlo ~e vrlo oskudno razvijeno, .uglavnom na zaravnjehim predjeHma 
i u dolinama potoka. Pretemo je to zemlja crvenica, a podredeno smec:te nediferen­
oirano tlo. Razvijen je samo tanki humusni sloj i isto tako vrlo tanak sloj izlu­
zivanja. 

Rezultati i diskusija 

U ,uzorcima mahovina, tla i dolinsikog detrit;usa iz 1985. godine prisutan je samo 
radionuklid 137Cs 'koji .potjeee od prijasnjih nuklearnih pokusa. Uoeljrivo je da samo 
uzorci iz 1986, mahovina, sedimenta i tla sadrZe sva tri radionuklida. Najveee izmje-
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rene specifiene aktivnosti su odredene u mahov.inama sto se sla.Ze s Literatuxnim 
podaoima o vecem kontrastru koji daju mahovine u odnosu na dolinski detritus (S. 
Pirc, 1984). Ovu osobinu mahovina potkrepljuju i vr.ijednosti koncentracijskih 
faktora za odnos mahovine/doLins'lci detritus koji na pojedinim lokalitetima dostifo 
v.rijednost i do 12. UkoHko vrijednost izmjerene radioaktivnosti radionlllklida u 
urorcima iz 1985. gudilne uzmemo kao fon (rpozad!i.nu), UoOa'Vamo znatan porast rn­
dioaktivnosti u 1986. godiI11i. Ovaj za'1cljucak je u suglasnosti s rezultatima procjene 
kontaminacije JJOdrucja SR Hrvatske putem radioa'ktivnili ~borina (Lu 1 i c i sur., 
1986). Zeljeli bismo istaCi da prema statistickoj procje.ni iizradenoj na osnovi ovog 
relaHvno malOlg broja podataka postoji moguenost da vrijednosti koje su utvrdene 
izvedenim istraiivanjima ne moraju biti ii maksiimalne za ovo podrucje. Radio­
nuklidi iz rndioaktivnih kisa uSli su u cijeli geo'kemijsk oklus ii stoga se namece 
potreba da se njihovo dalje ponafanje prati u duiem vremenskom periodu. Kao 
indikator kretanja (opadanja) radioaiktivnog zagadenja na ovom podrucju, a na 
osnovi dznesenih rezultata, posluiit ce mahovina. 

.. 


