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A bstract Some results of a 5-year investigation of the radioactive contamination of mush-
rooms originating from the Western region of Ukraine are presented. Considerable variations of ra-
diocaesium accumulation by mushrooms which belong both to different and the same species were
noted. The corresponding radiocaesium transfer factors (a ratio of the caesium isotope content in
mushroom and in soils at a given area) were calculated. For the mushrooms collected from the terri-
tor%_?fthe Shatsk National Natural Park (ShNNP, Volyn region) a sequence representing an increase
of 7'Cs accumulation was complet sequence.
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INTRODUCTION

The Chernobyl disaster, of April 26th, 1986 has been recognized as the grea-
test technogenic break-down in the history of mankind. It largely affected ecologi-
cal condition of the environment [2,3]. During and directly after the break-down,
radionuclides with a total activity of more than 50 MCi were thrown out into the
environment from the emergency fourth block of the Chernobyl NP [3]. A resul-
ting radioactive precipitations caused radioactive contamination of significant ter-
ritories of our planet. Now, 16 years after the break-down isotopes of I37Cs, QOSr,
and also some representatives of a transuraniums, in particular plutonium and ameri-
cium isotopes, are the most dangerous of them.

An analysis of the radioecological conditions of soils in Ukraine carried out for
several years after the Chernobyl accident showed that its total territory is in fact more
or less contaminated by the radioactive isotopes thrown out from the damaged block
[3,11]. The most contaminated areas are the northern parts of Kyiv, Chernigiv, Zhytomyr,



96 V. HRABOVSKY, 0. DZENDZELYUK

Rivne and Volyn regions. The 1375 contamination density in the soils of a sig-
nificant part of these areas exceeds 37 kBg m“z, reaching values of more than 1
MBg m™ at places. The Western region of Ukraine, except for the polluted Rivne
and Volyn regions, includes the Lviv region as the radiologically purest in Ukraine
[11,12] and also relatively pure (except for some individual polluted territories)
the Ivano-Frankivsk and Ternopil regions.

The Western region of Ukraine is characterised by a significant share of
woods with specific flora and fauna in its territory. Soils of this region are charac-
terized by high migration ability of radiocaesium and strontium deposited in them,
hence a significant pollution of vegetation by the above radionuclides [7]. A spe-
cial place among them is occupied by mushrooms, known as concentrators of mi-
croelements [7,13] (including radionuclides) from the environment vegetation.
Consequently, they can be used as biological indicators of the radiological purity.
In this article, some results of studies on the specific features of pollution with ra-
diocaesium of edible mushrooms in the Western region of Ukraine are presented.

MATERIALS AND METHODS

Samples of edible mushrooms were investigated. They were collected in 1994-
2000 in the territories contaminated, by the Chernobyl accident (Volyn, Rivne,
Zhytomyr and Kyiv regions), and in the relatively pure territories (Lviv and Ivano-
Frankivsk regions). It is known that the level of radionuclides accumulation in
mushrooms depends to a large extent on the species [9,13] and sampling place and
time [8]. Therefore, to eliminate the influence of temporary and territorial factors
together with soil-climatic conditions and the influence of the sampling place, part
of mushrooms studied was sampled each year in the first half of July from the
same site in an area of 1 sq. km close the Pisochne Lake in the Shatsk Natural Na-
tional Park (ShNNP) of the Volyn region. Soil samples for the determination of ra-
dionuclides specific activity and contamination density were selected there.

Preparation of the mushroom selected samples for analysis included separation
of their stems and caps, then careful clearing off the remains rests of soil and
vegetation, drying and homogenizing. Sample drying cleared external impurities.
It was carried out in a drying cupboard at 80-90°C for 24 h. Sample homogeniza-
tion was carried out by the pulverization and careful mixing. Then, part of the
sample necessary for the analysis was selected, weighed with an accuracy of 0.1 g,
packed into measuring vials and placed in a spectrometer for the measuring.
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Soil sampling at each of the sites selected was carrid out at five points (at the
borders and in the centre of the spot selected) from a depth of 20 cm. A cylindrical
soil sampler with a cylinder bore of 40 mm was used for sampling. Samples from
each of the five points selected were cleared from organic and other impurities and
then poured in one package. After drying, homogenization and weighing, a part
with a volume of 1 | was separated for research from the mass of soil, and then
weighed, placed in Marinelli beaker and located in the measuring chamber of the
spectrometer.

The gamma-emitted radionuclide content in the samples was analyzed by a
gamma-spectrometer using a Ge(Li)-detector with resolution (FWHM) of 2.5 keV
at 1332 keV. For the reduction of the influence of external background radiation,
the detector was surrounded by a leaden protection with a thickness of 50 mm.
Measuring times were set to ensure an error of not more than 10% for the special
activity determination at the geometrv of the measuring array used.

RESULTS AND DISCUSSION

The results of the '*’Cs content determination in stems and caps of edible

mushrooms selected in the vicinity of the Pisochne Lake (ShANNP) in July 2000
are given in Table 1. Except for ]37Cs, only 134¢s and Yk isotopes were identi-
fied in all mushrooms investigated, though there are some other gamma-emited
isotopes in the soil, members of the uranium and thorium natural radioactive series.
The special activity of 134¢s found in the most contaminated samples (Boletus sub-
tomentosus L. ex. Fr. and Tulopilus felleus (Fr.) Karst.) is 180 times higher than the
137¢s content in them. This coincides with the ratio expected (about 183) of these ra-
dionuclides activities in the environment after the Chernobyl fallout during the time of
measurements. It proved that their origin lies in the Chernobyl failure.

In order to estimate mushroom contamination by radiocaesium, an accumula-
tion coefficient (sometimes referred to as a concentration factor) K, and the trans-
fer coefficient K, (called an aggregation factor) [7,10] were used. They were
calculated according to the formula:

b
h Y
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where Ap, A, are specific activities of radionuclides in plant and soil (in Bq kg'[),

respectively, and S; contamination density of a soil (in kBq m™). For the calcula-

tions of the above parameters, we determined average values of the specific activity
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137Cs (4, = 19.7 Bq kg™') and density of pollution (S, = 4.85 kBq m™) for the site
where the mushrooms investigated were sampled.

The results presented in Table 1 are grouped for two kinds of mushrooms - la-
mellar and tubular — according to the increase of their ability to accumulate radio-
caesium from the soil. Accumulation ability in the mushrooms examined increase
according to the following sequence: Macrolepiota procera (Fr.) Sing. — Boletus
edulis Fr. — Boletus aurantiacus Fr. — Cantharellus cibarius Fr. — Boletus luteus L.
ex. Fr. — Boletus Scaber Fr. — Boletus badius Fr. — Boletus subtomentosus L. ex.
Fr. — Tulopilus felleus (Fr.) Karst. Beside a species-specific dependence of the ac-
cumulation level for radiocaesium, significant differences in the accumulation by
mushrooms of the same family were observed. It means that, among the repre-
sentatives of the Russula family, radiocaesium accumulation coefficient increased
in the following sequence: Russula badia Quel. Russula xerampelina (secr.) Fr.
— Russula heterophylla Fr. — Russula paludosa Britz. — Russula maculata Quel. -
Russula claroflava Grove. — Russula farinipes Rom arud Britz., increasing its
value by more than twice.

T able 1. Special activity (4), accumulation (K and transfer (K;) coefficients of B37Cs in caps
and stems of some species of mushrooms from ShNNP

Species of mushrooms 4, Bg kg" Ku: K|
Ae Ast Ae/Ast Ke Ky K¢ Ki
(caps) (stems) (caps) (caps) (stems) (stems)
Tubular mushrooms
Boletus edulis Fr, 618 364 1.70 314 1274 18.5 75.0
Boletus aurantiacus Fr. 706 432 1.63 35.8 1456 219 89.1
Boletus luteus L. ex. Fr. 2190 1060 2.06 111.2 4515 53.8 2186
Boletus Scaber Fr, 2830 1370 2.05 143.6  583.0 69.5 2825
Boletus badius Fr. 4040 2310 1.75 205.1 833.0 1173 4763
Boletus subtomentosus .. ex. Fr. 7480 3510 213 379.7 15423 1782 7237
Tulopilus felleus (Fr.) Karst. 10100 7840 1.29 512.7 2082.5 398.0 1616.5
Lamellar mushrooms
Cantharellus cibarius Fr. 1980 1710 1.16 100.5 408.2 86.8 3526
Macrolepiota procera (Fr.) Sing. 49 27 1.81 25 10.1 1.4 5.6
Russula badia Quel, 1990 1490 1.34 101.0 4103 75.6 3072
Russula xerampelina (secr.) Fr. 2480 1960 1.27 1259 5113 99.5  404.1
Russula heterophylla Fr. 4580 1550 295 2325 9443 78.7 3196
Russula paludosa Britz. 5110 1960 2.61 2594 1053.6 99.5  404.1
Russula maculata Quel, 5170 1910 2.99 262.4 1066.0 96.9  393.1
Russula claroflava Grove. 5790 1860 3.11 2939 1193.8 944 3835

Russula farinipes Rom arud Britz. 8310 3350 248 421.8 17134 170.1  690.7
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A comparison of the results obtained with those known from literature,
showed a good agreement in our species-specific dependence of radiocaesium ac-
cumulation ability data with results for the mushrooms from Poland [9]. However,
they differ slightly from the results given for mushrooms from the Ukrainian
Polesye [7,13]. Probably, these discrepancies are caused by different conditions of
mushrooms growing. It is known [8] that the ability of mushrooms to accumulate
radionuclides depends on the collection place and time.

For all the species of mushrooms examined, the content of the radiocaesium accu-
mulated in caps exceed the content in stems without any exceptions. This is in agree-
ment with results given in [4]. The value of such exceeding is within limits of 1.3-2.1
times for tubular mushrooms and 1.2-3 times for lamellar mushrooms. Obviously,
such a situation may be caused by different functional assignments of these parts of
mushrooms and, accordingly, by distinctions in their biological and chemical struc-
tures. An indirect confirmation of this may be the fact that 40K content in the mush-
rooms caps, exceeded the content in their stems.

The results obtained show that even in the territories with a low contamination
level (contamination density for the radiocaesium in the soils of the Park territory
did not exceed 12 kBq m'z), the factors of radiocaesium accumulation in mush-
rooms of various species varied in a range from 10 (for Macrolepiota procera
(Fr.) Sing.) to up to more than 2000 (for Twlopilus felleus (Fr.) Karst.). Accord-
ingly, contents of 137Cs in the mushrooms investigated ranged from 30-50 Bg/kg
up to more than 10000 Bg kg'l (in terms of dry weight). Taking into account the
allowable levels of radiocaesium contamination of food currently valid in Ukraine,
on the allowable limits for dry mushrooms (specific activity not higher than 2500
Bg kg'I), it can be seen that not all the mushrooms studied are permised for the
use in the food-stuff. Besides, the results of radiocaesium activity measuring in
mushrooms collected in 1995-2000 showed that were no appreciable essential
temporary changes in the radiocaesium content. Boletus edulis mushrooms sam-
pled in the territory of the Park during one and the same period of time each year
(in the first half of July) showed the following values of the specific activity for
137Cs: 1995: 684-847; 1996: 769-984; 1997: 779-876; 1998: 655-1030; 2000: 669-1030
Bq kg'l. Slightly lower values of the radiocaesium specific activily in the mush-
rooms selected in 1995-1997 can be caused by a drier climate — spring and sum-
mer in these years, especially in 1995, were dry. As marked in [7], dry climate
reduces migration of radionuclides from the soil to the fruit body of mushrooms.

Such a situation is caused by the fact that total radiocaesium pollution of the
forest litter and its superficial 10-cm layer of soil changed only slightly in these
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years. Both data known from literature and our own data for the vertical radio-
caesium migration in the soils of the Park, confirmed the above. For example, in
paper [6], the authors stated that on the basis of their 15-year supervision they
were able to prove that Hee migrates from the forest litter to the soil. Then it is
fixed in the top five-centimetre of the soil layer. Further appreciable migration in
the soil layers below is not marked. Therefore, one can hardly hope that radio-
caesium contamination of plants from the Park, including mushrooms, would be
significantly reduced at the expense of their migration into the deeper soil layers at
least, not in the nearest couple of years. Most probably, such a reduction can be
only caused by a process of radiocaesium content decrease in the top layers of the
soils due to its natural decay.

Some results of measurements of the gamma-emitted radionuclide content in
Boletus edulis collected at various sites of the Western region of Ukraine and some re-
gions of Kyiv and Zhytomyr areas during 1995-2000 are shown in Table 2. Contami-
nation density levels of the soils from the territories where the mushrooms
investigated grew before sampling are also presented. Data concerning contamination
density of soils are partially taken from earlier papers [5,11,12]. Data on contamina-
tion density levels of the soils from the Lviv area, the ShANNP and Bystrychi village
(the Berezne district of the Rivne area) were obtained by the present authors.

On the whole, the values of mushromms contamination by 37¢s correlated
well with the contamination data for the corresponding soils. The latter confirms
the conclusion that the results for the radioactive contamination determined for
mushrooms may be used for a comparative analysis of levels of radioactive con-
tamination of soils. However, for a more correct estimation of the level of environ-
ment contamination established on the basis of content of radioactive elements in
mushrooms one has to take into account the following factors:

- for a comparative analysis of the pollution level of soils, it is necessary to use
mushrooms of the same species, as various species, even if collected in the
same territory, can concentrate radiocaesium in a different way;

- mushrooms absorb radiocaesium for soils in the soluble form; therefore the
level of their contamination gives mainly information on the dissolved phase
of 1*7Cs in the forest litter and in the superficial layer of the soil (with depth
up to 10 cm) [6];

- due to migration processes of radionuclides in the soils, 137¢5 can move down
to the lower horizons and not be accumulated in the mushroom fruit bodies for
which the depth of mycelium does not usually exceed 10 cm.
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T a ble 2. Contents of radioactive caesium and potassium in Bolefus edulis, selected in 1995-2000
in the Western region of Ukraine (at Bq kg" of dry weight)

Sites of selection Year Activity, Bg/kg 5. P

. 1340 1370 d0ge kBq w2
Shklo, Javoriv distr., Lviv region 1996 2 93 889 1-2
Wowche, Turka distr., Lviv region 1997 - 93 1080 2-3
Wowche, Turka distr., Lviv region 1998 - 45 1020 2-3
Skole, Lviv region 1998 - 119 938 3-4
Potelych, Zhovkva distr., Lviv region 1998 - 218 971 2-3
Kuratova, Kosiv distr. Iv-Frankivsk region 1997 - 140 886 4-10
Sheshory, Kolomyja distr., Iv-Frankivsk region 1997 - 554 1160 4-10
Lake Svityaz’, ShANNP, Volyn region 1997 - 779 911 5-12
lake Pisochne, ShNNP, Volyn region 1995 13 684 1000 5412
lake Pisochne, ShNNP, Volyn region 1996 10 769 912 5-12
Lake Pisochne, ShANNP, Volyn region 1998 10 939 847 5-12
Swalovychi, Ljubeshiv distr., Volyn region 1998 72 7860 1050 100-185
Manewychi, Volyn region 1999 35 4980 865 100-185
Mostyshche, Kamin’-Kashyrskyy distr,, Volynregion 2000 - 1040 741 10-20
Mala Sowpa, Korets distr., Rivne region 1997 - 843 916 <18
Wesnjane, Korets distr., Rivne region 2000 = 1650 849  10-20
Bystrychi, Berezne distr., Rivne region 1997 154 11800 912  30-44
Udrytsk, Dubrowytsja distr., Rivne region 1997 520 83300 901 185-550
Dubrowa, Malyn distr., Zhytomyr region 1986 20 2990 680  10-20
Baraniwka, Zhytomyr region 1997 - 593 645 4-10
Stary Sokoly, Iwankiw distr., Kviv region 1999 52 7490 1060

Besides, it is necessary to take into account that different parts of the mush-
room fruit body accumulate radionuclides differently: the level of accumulation in
caps is usually considerably higher than in stems. That is why one should use data
for identical parts of the mushroom fruit bodies for the analysis of the contamina-
tion level. Moreover, because of different abilities to accumulate radionuclides,
caps should be advantageous.

Results on the content of *°Sr in one of the most contaminated samples of the
mushrooms showed that the corresponding specific activity did not exceed one percent
of the value characteristic for the specific radiocaesium activity. The measure-
ments were also carried out with a scintillation beta-spectrometer according to re-
cognised techniques [1] used at the Radiological Department, Lviv Regional
Sanitary-Epidemiological Station. The results agreed well with data of paper [11].
They allow to draw a conclusion that only a gamma-spectral analysis can be used
when determining radiological cleanliness of mushrooms in the territory of the
Ukrainian Polesye after pollution originating from the Chernobyl accident. It
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would allow to get a quite accurate representative estimation of the radiological
cleanliness of mushrooms without the carrying out of more laborious and expen-
sive beta-spectral analyse.

CONCLUSIONS

The results of gamma-spectrometric measurements of the radionuclide accu-
mulation in edible mushroom originating from the territory of Western Ukraine af-
ter the Chernoby! disaster, showed that:

1) I¥gq specific activities in the samples investigated changed from 100 Bg
kg™ to more than 10000 Bq kg (in dry weight).

2) It was also found that the radiocaesium accumulation factor for caps of all
mushroom samples tested, exceeded those for stems by 1.4 to 2.0 times.

3) On the whole, the values determined for 137Cs contamination rates in the
mushrooms are well coordinated with the contamination data for the soil of the
same location.

4) Beta-spectrometric analysis of some highly contaminated samples showed
that Sr content did not exceed 1% found for 1*’Cs in any of the mushroom sam-
ples investigated. The above is a possibility to get an actual estimation of the mush-
room samples radiological cleanliness (together with corresponding soils, too),
without performing a more laborious and expensive beta-spectrometric analysis.
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AKUMULACJA RADIONUKLIDOW PRZEZ GRZYBY JADALNE
W REGIONIE ZACHODNIE] UKRAINY
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Streszczenie. Pigcioletnie badania zawartosci radionuklidow w grzybach pochodzacych z
regionu Zachodniej Ukrainy (Szacki Park Narodowy) wykazaly ich radioaktywnos¢ "*'Cs w grani-
cach 100-10.000 Bq kg'l w s.m. Akumulacja radiocezu byla przy tym 1,4 do 2,0 razy wigksza w
kapeluszach niz w trzonach grzybow i w calosci byla dobrze skorelowana z zawartoscia !> Cs w glebie.

Stowa kluczowe: grzyby, zanieczyszczenia radioaktywne, 37¢s, Zachodnia Ukraina





