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INTRODUCTION

Honey bee and the products (honey, pollen, wax, propolis)
are generally considered as efficient bioindicators of the
environmental pollution. Honey bee activity upon a territory
is well defined both in space and time and honey bee itself
is easier to control than other animal bioindicators (birds,
fish, wild animals) . Networks of bee hives near nuclear and
industrial installations are therefore often used for
environment pollution research and control (1,2).

The long-term radioactivity investigations in West Serbia
(Mt.Tara) are a part of a project dealing with determination
of natural and man made radionuclides in soil, meadow flora
and honey (3,4). The region is a karst plateau with average
height of 1280 m above the sea level, rich in pastures and
meadows. Vegetation period is from May to the end of June.
There are more than 2 90 plant species, 77 of them belong to
meadow flora with high melliferous coefficient (1-4) . The
soil is uncultivated and can be divided in two groups: the
one with dominant limestone and the other composed of shale
rocks, althought mixed soil can be found too (5).

The investigations started in 1983/84. Gamma exposure and
Cs-137 activity measurements provided information on "zero
status" of the radioecological situation in the region.
During the nuclear plant accident at Chernobyl in April 1986
and afterwoords through the year, over two hundred samples
of honey, grass and meadow flora have been examined (6,7).

Investigations of the radioactivity in soils, meadow flora
and honey in the region continued up to 1991 and afterwords.
The vertical distribution of Cs-134 and Cs-137 in different
soils provided data on the migration rate through soil and
on concentration factors for different phases of the "soil-
plant -honey" ecosystem (8) .

MATERIALS AND METHOD

Samples of soil, plants and honey were collected on eight
locations in the region: soils from location I (riverside),
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V and VIII were shale, locations II, IV, VI and VII were on
limestone and soil on location III was mixed. All soils were
uncultivated except the one from location VII.

Samples of soils (500 g) were taken from the surface and
from the depth of 5,10 and 15 cm, dried on 105°C, grinded
and sieved. Samples of plants (meadow flora, grass, moss,
lichen: 50 - lOOg dry mass) were grinded and dried at room
temperature, while samples of honey (200g) were measured in
native state. Samples were weighted in standard Marinelli
beakers or cylindric beakers (250 g) .
Gamma exposure rates were measured 1 m above grass areas

with nuclear instrumentation MZ-10 (Nucl. Inst .Vinca, GM
detection system) ,- total standard error of the method 5%.
Activity of the radionuclides was determined on a HPGe

detector (ORTEC, rel.efficiency 20%) and a Ge(Li) detector
(ORTEC, rel. efficiency 23%) by standard gamma spectrometry.

Energy calibration was performed with a set of standard
point sources (COFFRET d'etalon Gamma ECGS-2,Sacle): Ba-133,
Co-57,60, Cs-137 (activity 102 Bq, overall uncertainty 3%)
for HPGe detector and with a point etalon source of Eu-152
(EGMA 3, activity 2.597 x 105 Bq, overall uncertainty 3 %) .
Geometric efficiency for soil matrix in Marinelli beaker

determined by a soil reference standard (National Office of
Measures OMH, Budapest) spiked with a series of radio-
nuclides (Na-22, Co-57,60, Y-88, Ba-133,. Cs-137, activities
122 - 355 Bq, overall uncertainty 5%) and for samples in
cylindric beaker by a reference soil standard (IAEA/SOIL6)
with Cs-137 and Ra-226 (activity 58 Bq/kg and 93 Bq/kg,
respectively, significance level 0.05). For plant matrix
efficiency was determined by a secondary hay standard
(SNLab, Stockholm), with Cs-137 and Cs-134 (1359 Bq/kg and
124 Bq/kg, respectively, overall uncertainty 10%) . Geometric
efficiency for honey matrix was determined by secondary
standards for solid state matrices (9) .
Counting time interval ranged from 40.000 - 300.000s. The

background integral mean counts was under 1.7 imp/s. Total
standard error of the method was 15%. Shauvenet criteria was
applied for statistics analysis of the data. Gamma spectra
were analysed on a IBM/PS2 computer, programme SPECTRAN-AT.

RESULTS AND DISCUSSION

Radioecological situation in the region before the
nuclear accident at Chernobyl in 1986

Natural and man made radionuclides in soils, plants and
honey were determined in 1983/84 and gamma exposure rates
measured. Mean gamma exposure rate was 1.2 pC/kgs with
variations of 10% for different locations,- the value was
higher than for the rest of the country: 0.72 - 1.08 pC/kgs.

The results of Cs-137 activity measurements in soil,
meadow flora and honey are presented in Table I. Data are
presented as "means +_ standard deviation" within the samples
from the same location or in the region, while "<" denotes
variations higher than 100% when upper limit of the value is
presented. LLD denotes "lower limit of detection" defined as
k2 +, 2LC (k-coefficient of normal distribution corresponding
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Table I. Activity (Bq/kg) of Cs-137 in soil, meadow flora
and honey

soil meadow flora honey

< 5 LLD 2.4+0.2

to confidence level of 95%, LC - critical level that depends
on background photo peak counts. No significant variations
in Cs-137 activity in soil or honey were found due to the
type of soil or honey, while in meadow flora the activity
was generally under detectable limits. Activity of Cs-137 in
honey was for an order of magnitude higher than the activity
of K-40 (18-25 Bq/kg).

Radioecological situation in the region during the
Chernobyl accident April-May 1986 and through 1986

During the nuclear plant accident at Chernobyl(May '86),
gamma exposures outdoors (altitude 1082 m) and indoors (in
children summer houses, same altitude) in the region had
been measured. Outdoor exposures were in the range from 2.56
- 3.66 pC/kgs, those indoors in the range 1.4 - 1.6 pC/kgs.

Activity of 1-131, Cs-134,137 was determined in grass,
plants and honey sampled in May-June and November-December
1986. Besides 1-131, other short lived radionuclides were
detected. In some samples of honey Ag-llOm from the material
used to bury the reactor was found, too ( 2 - 4 Bq/kg) . Two
hundred samples of honey, grass and meadow flora were
examined. The results are presented in Table II, III and IV
(in Bq/kg fresh grass, meadow flora or honey).

Table II. Activity (Bq/kg) of Chernobyl radionuclides in
grass and meadow flora (May '86)

1-131 Cs-134 Cs-137 Ru-103 Ru-106

1630-2510 860-1360 1950-2940 2730-4310 890-965

Table III. Activity (Bq/kg) of Chernobyl radionuclides in
honey

1-131 Cs-134 Cs-137 Ru-103 Ru-106

May-June'86 3387+40 30+14 69±34 69+14 36+8

Nov.-Dec.'86 - 43+4 101+15 - 32+3
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Table IV. Activity (Bq/kg) of short lived radionuclides in
honey

Radionuclide

Cs-136
Ba(La)-140
Zr-95
Nb-95
Ce-144
Ce-141
Rh-102

Tl/2 (d)

13
13
65
35.1

284
32.5

206

May'

0.1 -
2 -

<
-
-
<

86

0.8
13
2

2

December'86

< 0.3
< 1
< 2
< 4
< 11

-
< 0.5

The results indicated that towards the end of the year
the short lived radionuclides contributed about 6-10% in the
total activity of honey (10) .

Radioecological situation after the nuclear nuclear
accident at Chernobyl, from 1987 to 1991

Radioactivity investigations in the region continued to
1993. Gamma exposure rate measurements in 1991 indicated two
radioecological areas: on shale soils with higher exposure
rates (2.32+0.10 pC/kgs) and on limestone with lower values
(1.92±0.08 pC/kgs).

Activity of the Chernobyl radionuclides in honey, soils
and plants was determined from 1987 to 1991. The results are
presented in Table V, VI, VII and VIII.

Table V. Activity (Bq/kg) of Cs-137 in honey

3.

Table VI

1987
1988
1990

1987

2 + 0.

•

2 2.

Activity
honey

Cs-134

< 8
< 3
< 1

1988

4±0 .4

(Bq/kg)

Ru-106

< 28
< 20
< 8

2

of

1990

.4±0.4

short

Ce-

A
 

A
 

A

2

lived

144

4
4
2

1991

.l±0.1

radionuclides in

Rh-102

< 1

Ag-llOm (< 0.6 Bq/kg) had been found in some samples of
honey, too. Since 1988 no significant changes in Cs-137
content in honey had been observed.

The activity of Cs-137 in meadow flora from limestone
soils was nearly three times higher than the one in samples
from shale soils. In 1991 Cs-134 and Cs-137 were still found
in high amounts in moss and lichen.

435



Table VII. Activity (Bq/kg) of Cs-137 in meadow flora

Soil

Table VIII.

Cs-134
Cs-137

shale

47 + 12

Activity (Bq/kg)
and lichen

moss

808+169
8196+1743

limestone

127+18

of Cs-134 and Cs-137 in moss

lichen

1692+340
18236±2960
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Fig. 1. Vertical distribution of Cs-137 in soil
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Fig. 2. Vertical distribution of Cs-134 in soil
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The vertical distribution of Cs-134 and Cs-137 (surface,
5, 10, 15 cm) is presented in Fig.l and 2. The results
indicate slow migration through soils, except on riverside.

The concentration factors defined as ratios of activity
in plant to soil, honey to plant and honey to soil has been
calculated. The results are presented in Table IX. Cs-137
concentration in plants strongly depends on soil type, but
not its concentration in honey .

Table IX. Concentration factors for Cs-137

Soil

shale
mixed
limestone

soil/plant

0.
0.
1.

.1

.6

.8

honey/plant

4.
2.
1

.5

.0

.6

X
X
X

10 2

10-2
10" 2

honey/soil

4.
1.
2.

.5

.3

.9

X
X
X

10-3
10-3
10" 3
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