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Abstract 

This paper present the rcsults of inyestigations of the leyel of contaminatinn by radioactiye isotopes oS grass 
and soil oS thc Polish and Ukrainian Roztocze area. Heayy metal contents in soil were a!sn measured. The highest 
leye! oS radioactiyity was Sound in the Northwestern part ni Roztocze which may be explained by the ciose yicinity 
oS industrial centers. 

The presence ci caesium gaye Srom 0.6 to 22% of the total soi! actiyity at Polish side and Srom 1.5 to 11% at 
Ukrainian. The Chernobyl nuctear power plant failure is the main source oS radioactiye contamination oS soi!. For 
most samples 100% oS this caesium came Srom this source. The mean 40K contents made 57% of the total 
radioactiyity in Polish Roztocze and 54% in Ukrainian. Radionuclides of thnrium and uranium senes gaye 20 to 
35% oS total actiyity. The actiyity oS 40K in grass gaye about 80% oS the tota! radioactiyity in Polish Roztocze and 
73% in Ukrainian. Other radioisotopes present in grass arc mainly 7Be and 7Cs. Heayy metal contents in plough 
land soi! uniyersally, except two points, do not exceed acceptable leyels. 

Keywords: radinactiye isotopes, soil, plant, Chernobyl 

Introduction 

Thc main sources of radiochemical contaminations 
comes from the application of radioactiye elements 
and substances for industrial and military purposes. 
Some amounts of radionuclides arc liberated in min 
ci-al mining and coal combustion processcs. 

The cnyironmcnt may be polluted both by artificial 
radionuclidcs (t37Cs, „34Cs, 90Sr, 106Rb, 144Ce, 95Zr), and 
by natural radioactiyc clements, especially uranium 
and thonium senes and 40K. 

Among them, most important arc 226Ra and 224Ra 
because products of their decay - radioactiyc gases 
222Ra and 220Ra together with deniyatiyes (24Pb, 210Pb, 
2t2Pb, 212Bi, 214Bi) - haye essential meaning in thc an-
nual dose of ionizing radiation absorbed by human 
organisms. 

A yery important radionuclide, haying big physi-
ologicat meaning is 40K, that is an csscntial constituent 
of thc carth"s crust. From soil this radionuclide goes to 
plants and animals and finaHy to our food. 

Thc artificiat radionuclide which bas an important 
contt-ibution in earth core pollution is 137Cs This iso-

tope originated from global fallout after nuctear test 
explosions and nuclcar power plant failures [1,21. 
Other substantial, artificial radionuclides arc 90Sr and 
utPu and 240Pu, [3,4]. The detection of these isotopes 
is yery difficutt but it must be performed permanently 
because they arc yery dangerous to buman beings. 

Thc other kind of the soil pollution that ought to be 
taken into account concerns hea-yy metals (metal ele-
ments aboye atomie number 20). 

Haying in mmd thc aboye, the main purpose ofthis 
paper was to deseribe the total gamma cmitter actiyi-
ties, the determination of 137Cs origins in soil and grass 
samples from the territory of Polish and Ukrainian 
Roztocze region as welt as determination of heayy 
metal contents in thc soils of the examined arca. 

Materials and Methods 

The measurements werc performed in the Roztocze 
region, which coyers the southeastern part of Poland 
(Zamość region) and the adjoining western part of 
Ukraine (Fig 1). From this territory 47 samples of 
upper layer of soil (O - 10 cm deep), as well as grass 
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sampies, were collected Erom the area of 8km grid. Ali 
sampies were coilected according to lABA and CLOR 
recommendations concerning soi! monitoring [5]. 

In the laboratory, the sampies of soils were air dried, 
then sieyed through 1 mm screen, to remoye stones and 
other impurities. The grass samples, after drying, were 
cut in Fritsh pulyerisator. Then, 0.5 dm3 of the soii or 
grass sampie was weighted to Marineiii type yessei to 
guarantee standard geometry of the measurements. 
Before the measurements, the sampies were stored for 
three days to achieye radon equiiibrium. Alt measure-
ments were performed using SILENA gamma spec-
trometerwith IGC-13 Princeton Garnma-Tech germa-
nium detector, cooied with liquid nitrogen and 4096 
channei analyzer. The detector resoiution was 1.75 
keV and the efficiency was 15% for 1.33 MeV ptak. 
The data were anaiyzed by means of SIMCAS II 
yer.4.11 computer program. 
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Fig. L Soil and grass sampes collection points on Roztocze region 

Standard deyiation for the measured radioactiyity 
of the soi! samples ranged from 0.1 to 13 Bq/kg, dc. 
pending on isotope actiyity. The measuring error was 
smaHer than 5%. For grasses standard deyiation ranges 
Erom 0.5 to 46 Bqlkg and measuring error was smailer 
than 10%. 

Detected in the samp!es gamma emitters were di-
yided in two foiiowing groups: natural, and iong-liyed 
artificial isotopes that come from nuc!ear power plant 
faiiures and nuciear experiments. The iocation of sam-
pIc coilecting points is depicted in Figl. For the eon-
struction of the drawings a Surfer software and 8 km 
sampling net was appiied, enabling three dimensionai 
surface of the contamination of the examined territory. 

The heayy metal contents in Roztocze soii was 
measured by XRF Canberra f!uorescent spectrometer, 
equipped with Si(Li) detector and Canberra 1510 a/d 
conyerter. For X-ray actiyation 55Fe, „°9Cd and 241Am 
were used. Quantitatiye analysis of the obtained data 

was performed using Canberra S-100 and AXIL soft-
ware. 

Results aud Discussion 

The totai ieyei of radioactiyity of the examined area 
is formed by the natura! isotopes originating from 235U, 
23sj and 232Th decay and by the presence of 40K as weil 
as by the artificiai radionuclides resuiting from indus-
trial or mi!itary human actiyities. Results of measure-
ments are presented in Tab!es 1-10 and Figures 1-7. 

As tan be sten from the data presented in Tables 1 
and 2 the ieyei of the radioactiyity of the examined area 
on both sides of the Poiish-Ukrainian border is formed 
mainiy by the presence of 40K isotope. The leyei of 
radioactiyity arises Erom its natural content in the trust 
of the earth estimated at about 0.0119% potassium, 
which makes the mean radioactiyity ieyel about 370 
Bq!kg of the soii [2,61. 

Fig. 2. Total actiyity of soil Bq/kg. 
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Fig. 3. Actiyity ot K-40 in soi! Bq/lcg. 
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Table 1. „4Cs, 37Cs, 40K, contents in Roztocze region soil (Poland side, Juty, 1995) 

No Site 
Actiyity [Bqlkg] Actiyity 

[Bq/m2] 

„„ Cs 
fraction 

[%] 
fraction 

[%] Totaly 
actiyity 

I34 „c5 40K 

I Wola Ponkiewska 872.1 1.36 10.02 536.2 534.1 1.3 61.5 

2 Batorz 939.7 1.39 20.30 530.4 1126.7 2.3 56.4 

3 Brzozówka 860.4 116 20.04 558.1 1065.4 2.5 64.9 

4 Wojciechów 788.1 1.07 1561 497.2 813.8 2.1 63.1 

5 Borownica 276.0 1.09 58.67 142.9 1798.6 22.4 53.5 

6 Zofianka 672.4 1.03 43.26 418.9 2263.9 6.6 62.3 

7 Kocudza Górna 762.9 1.22 16.23 509.4 724.8 2.3 66.8 

8 Zdzilowice 842.0 1.34 15.00 524.3 805.1 1.9 62.3 

9 Kolonia Otrorz 990.6 1.43 7.59 536.7 427.8 1.0 54.2 

11 Rzeczyce 341.1 0.60 16.01 237.3 1069.1 4.9 69.6 

12 Gródki 872.1 1.39 10.63 555.4 628.0 1.4 63.7 

13 Zaporze 881.1 1.14 11.56 586.0 630.8 1.4 66.5 

14 Chlopków 739.3 0.77 32.29 434.3 1338.6 4.5 58.7 

15 Trzesiny 313.8 0.48 3.24 210.1 200.0 1.2 66.9 

16 Bukownica 176.3 0.21 15.70 102.7 1152.4 9.0 58.3 

17 Szozdy 317.5 0.43 8.10 172.7 456.7 2.7 54.4 

18 Topotcza 207.1 0.49 23.35 130.0 1238.5 11.5 62.8 

19 Szperówka 901,9 1.33 24.51 542.2 1134.4 2.9 60.1 

20 Kosobudy 136.8 cLLD 5.92 101.2 429.3 4.3 73.9 

21 Zarzecze 176.7 0.27 4.78 117.6 302.7 2.9 66.6 

22 Parnia 212.1 cLLD 9.27 126.0 604.0 4.4 59.4 

23 Hutków 197.3 0.42 5.77 141.1 382.4 3.1 71.5 

24 Zielone 217.0 0.36 3.57 164.3 234.0 1.8 75.7 

26 Borowina 120.5 0.34 12.94 81.2 841.1 11.0 67.3 

27 Oseredek 272.5 0.51 11.69 137.0 744.4 4.5 50.3 

28 Wólka Łosieniecka 213.2 0.42 13.89 150.2 835.0 6.7 70.5 

29 Rabinówka 281.8 „cLLD 3.10 184.5 189.1 1.1 65.5 

30 Przeorsk 547.4 0.85 7.95 313.2 446.2 1.6 57.2 

31 Zatyk 451.6 0.34 5.05 165.8 310.2 1.2 36.7 

32 Potoki 124,9 „cLLD 12.43 94.2 778.7 9.9 75.4 

34 Mlynki 150.6 „cLLD 3.25 96.6 222.4 2.1 64.1 

35 Wola Wielka 221.8 cLLD 30.65 116.8 1587.6 13.8 52.7 

36 Nowiny Hoiynieckie 198.3 0.34 0.85 123.7 61.6 0.6 62.4 
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Table 2. l345 ł37 40K, contents in Roztocze region soi! (Ukrainian side, July, 1995) 

No Site 
Actiyity [Bq/kgl Actiyity 

[Bq/m2] 

7s 
fraction 

[%] 

40K 
fraction 

[%] Tota!y 
actiyity „3tcs Wcs 40K 

U01 Iwano Frankowo 446.7 0.59 13.67 289.0 814.7 3.2 64.7 

U01a Wielikopole 260.2 0.73 30.10 120.4 1008.4 11.8 46.3 

U02 Dobrostany 359.9 0.54 6.98 255.5 409.0 2.1 71.0 

U03 Nowojaworskoje 869.6 1.16 13.15 556.7 714.1 1.7 64.0 

U04 Wiereszczyca 428.0 0.78 23.00 278.5 1145.4 5.5 65.0 

U05 Borki 734.8 1.00 4255 379.8 1914.8 5.9 51.7 

U06 Jasniska 417.4 0.90 6.19 159.2 342.9 1.7 38.1 

U07 Majdan 814.7 1.44 22.30 467.2 1081.3 2.9 57.3 

U08 Wolobracin 402.2 0,84 8.64 226.3 521.0 2.3 56.3 

1309 Sieriedkiewiczi 190.1 0.32 11.37 134.8 799.3 6.2 70.9 

UlO Mokrotin 769.9 1.02 2.61 473.8 148.2 0.3 61.5 

UlI Rawa Ruskaja 268.9 0.43 13.03 146.4 707.5 5.0 54.4 

Potassium as weił as uranium and thorium isotope 
contents in the soil depends on geochemical processes 
that lead to formation of the bod rock Erom which the 
soils att formed, the minerał contained in these rocks 
and soił forming processes rekite to the pH of soi!, the 
mobitity of water in soił, disso!ution and washing out 
the components of soi! by soi! solution. The naturał 
isotope contents in upper łayer of the soił is changing 
because of precipitation and sorption processes. The 
main source of these contaminations arc industria! 
emissions from coał combustion and strip mine ac-
tions. An additionał factor increasing the łeye of soił 
radioactiyity is mado by the appłication of phosphatic 
fertiłizers produced from the natura! phosphatic dc-
posits that contain 238U, 226Ra, 232Th and 40K. 

Fig. 4. The actiyity of Cs-137 in soi!, Bq/m2 

As can be sten Erom Tabłes 1 and 2, about 54% of 
tota! radioactiyity on Połish territory and 54% on 
Ukrainian is caused by the presence of 40K in Roztocze 
soi!s, with minimum and maximum yałues 95-580 
Bq/kg and 120-560 Bqlkg in both countries respec-
tiyeły. The differences may resu!t from untike soi! for-
mation processes, as we!! as from industria! and agri-
cułtura! acti"yity performed on the territoi"y. 
Additionałły ą°K, amount in upper Lycr of the sofl may 
depend on co!łoida! partic!es content, excbangeab!e 
potassium content in sorption compłexes and the pres-
ence of some metałs such as Fe, Cr, Mn, Zn, and the 
łike.That is the reason for the łower 411K content in 
sandy soił than in cłay type sofls. Another factor that 
can increase the amount of 40K is made by precipitation 
of the dust and ashes from hard coa! burning. The 
radioactiye potassium contents in bard coał may reach 
50 Bq/kg and after burning its concentration increases 
10 times in the ash. 

Another important naturał isotope is 225Ra. Its ay-
erage actiyity in examined sampłes was about 5% of the 
whołe. This radionucłide is of great importance as it 
turns into 222Rn, heayy gas emitter that is breathed in. 
This isotope, together with 220Rn that comes from 
224Ra, increases the annuał of radioactiyity dose for 
Połish inhabitants. In 1991 ałmost 46% of tbe adsorbed 
dose came from these radioactiye gases and products 
of their decay [7]. 

The other natura! radionucłides that form from 20 
to 35% of tota! radioactiyity of the area arc as fo!-
łows:228A,c, 2t2Bi, 212Pb, 224Ra, 225Th, 205T1, 214Pb, 234Th, 
and 2t0Pb, Their concentration is connected with ura-
nium and thorium senes decay, as weił as the kind and 
the type of soi!. Cłose to the upper łayer, industrial 
actiyity may a!so haye an influence on the radioactiyity 
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Tabie 3. 37Cs contents Erom Chernobyi and global failout in soli sampies Erom Roztocze region (Polish side, lWy, 1995) 

No 
_________ 

Site 
_____________________________ 

Chernobyi origin 
137cs actiyity 

[Bq/1g] 

Chernobyi" 
l37 [%] 

contribution 

World faiiout 
I37 actiyity 

[Bqflcg] 

World faiiout 
137Cs [%] 

contribotion 

1 Wota Ponkiewska 10.02 100 O O 

2 Batorz 20.30 100 O O 

3 Brzozówka 20.04 100 O O 

4 Wojciechów 15.61 100 O O 

5 Borownica 34.63 59 24.34 41 

6 Zofianka 32.72 75 10.90 25 

7 Kocudza 16.23 100 O O 

8 Zdzilowicc 15.00 100 O O 

9 Kolonia Otrocz 7.59 100 O O 

11 Rzeczyce 16.01 100 O O 

12 Gródki 10.63 100 O O 

13 Zaporze 11.56 100 O O 

14 Chtopków 24.46 75.3 8.03 24.7 

15 Trzesiny 3.24 100 O O 

16 Bukownica 6.67 42.14 9.16 57.86 

17 Szozdy 8.10 100 O O 

18 Topoicza 15.56 66.24 7.93 33.76 

19 Szperówka 24.51 100 O O 

21 Zarzecze 4.78 100 O O 

23 Hutków 5.77 100 O O 

24 Zielone 3.57 100 O O 

26 Borowina 10.80 82.70 2.26 17.3 

27 Oseredek 11.69 100 O O 

28 Wóika Łosieniecka 13.89 100 O O 

30 Przeorsk 7.95 100 O O 

31 Zatyk 5.05 100 O O 

36 Nowiny Hrynieckie 0.85 100 O O - 

leyeL This is we!! demonstrated by the higher radioac-
tiyity of the northwestern part of Roztocze region in 
comparison with the rest of examined Polish area. Such 
industria! centers as Tarnobrzeg or Stalowa Wola may 
be responsible for this state, as they emit some amounts 
of naturat isotopes of uranium and thorium senes 
together with 40K isotope. That is probab!y why in this 
part of the region, mentioned isotope content is three 
times higher than for the rest of Po!ish Roztocze. 

It can be noticed that the mean tota! soi! actiyity of 
Potisk Roztocze region is lower (420 Bq/kg) than in 
Utcrainian part (540 Bqlkg). In southeastern part of 
Po!ish Roztocze, adjoining to Ukraine, mean tota ac-
tiyity is on!y 235 Bq/kg of soi!. As can be scen from 
Tables 1 and 2 this radioactiyity is formed mainly by 
natura! isotopes, because artificia! isotope content is 
tow and reaches as much as 13-17 Bq/kg. As the kind 

of soi! is yery simitar on both sides of the border the 
higher radioactiyity of Ukrainian territory might resuit 
from its industriat contamination by acroso!s contain-
ing natura! isotopes. 

An important part of cxaminations was determina-
tion of artificiat isotope contamination that is made by 
134Cs and l37 37Cs, which appeared as a resutt of 
nuciear exp!osions and nuc!ear p!ant fai!ures is a yery 
important and dangerous isotope, with a half !ife of 30 
years; 134Cs half life is on!y 2.06 years. 

The strong sorption ability of caesium makes its 
migration in the soi! profite yery stow, and in this way 
it is responsib!e, to some extent, for higher radiation of 
the upper tayer of the soi! [8,9]. The migration rate of 
caesium, aboye at!, depends on basic minera! compo-
sition of the soi!. But it is hard to find a simpte re!ation, 
describing migration rate,just because from a chemicat 
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Table 4. „Cs contents from Chernobyl and glohal fallout in soil sampJes from Roztocze region (Ukrainian side, Juty, 1995) 

No Sito 
Chernobyi angin 

lncs actiyity 
[Bq/kg] 

Chernobyl" 
l37 [%] 

contribution 

World fallout 
137Cs actiyity 

[B g/kg] 

World fallout 
137 [%] 

contnibution 

UM Iwanowo Frankowo 13.67 100 O O 

UOta Wielikopole 30.10 77 6.9 23 

U02 Dobrostany 6.98 100 0 0 

U03 Nowojaworskoje 13.15 100 0 O 

U04 Wiereszczyca 22.99 100 O O 

UOS Borki 42.55 74.7 10.8 25.3 

U06 Jasniska 6.19 100 O O 

U07 Majdan 22.30 100 O O 

U08 Wolobracin 8.64 100 O O 

UO9 Sieredkiewiczi 11.37 92.2 0.9 7.8 

UlO Mokrotin 2.60 100 O O 

Uli Rawa Ruskaja 13.03 100 O O 

point of yiew, soil is too complicated a system. How-
eyer, it is weli known that the quality of the soil is, 
besides the magnitude of the fallout, tbe dominant 
factor in radioactiye distribution. 

The caesium content in soil of Roztocze region is 
presented in Tables 1-4 and in Fig.4. 

It can be noticed that from 0.6 to 22% of the whole 
radioactiyity on the Polish side of examined area re-
sults Erom caesium presence [2,10]. For comparison, on 
the Ukrainian side the same element giyes Erom 1.5 to 
11% of the whole radioactiye contamination of soil. 
The majdmum contamination reaches 2264 and 1915 
Bq!m2, respectiyely.That suggests a rather tow leyel of 
Chernobyi faltout in this territory. In 1995, „34Cs eon-
tribution to the contamination of examined area was 
smali and reached Erom 0.3 to 1.4 Bq!kg of the soi] of 

the whole Roztocze. This isotope in anatyzed samples 
might come onty Erom Chernobyi fallout. Because it 
was noticed in the most samples (except six points in 
Poland), the origins of 137Cs could be estimated. Using 
decay law, the dependence between decay constant 
and half-life period [8] and knowing the „34Cs to „37Cs 
ratio on the first days after the catastrophe (0.528) [9], 
the quantitatiye and percentage contribution of Cher-
nobyl, and global faltout, in the total caesium 
content in the soil samples was determined. The data 
are presented in Tables 3 and 4. On the basis of the 
obtained data, authors stated that in 21 of 33 samples 
in Poland side and 9 of 11 in Ukraine 100% of 137Cs 
comes Erom Charnobyi fallout. This means that the 
same isotope from the giobal fallout migrated during 
the last 30 years, when superpowers ceased nuclear 

I 
tcIs 

Fig. 5. Total actiyity of grass Bg/kg Fig. 6. The actiyity of K-40 in grass Bg/kg 
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Table 5. °4Cs, 37 contents in Roztocze region grass (Poland side, July, 1995) 

No Site 
____________ Actiyity [Bq/kg] 134, I37 

fraction 
[%] 

fraction 
[%] 37Cs 40K 7Be 

1 Wola Ponkiewska 2023.4 CLLD 2.05 1715.6 65.9 0.1 84.8 

3 Brzozówka 969.1 7.15 254.13 260.7 265.7 27.0 27.0 

4 Wojciechów 768.0 cLLD 4.07 683.9 80.0 0.5 89.0 

7 Kocudza Górna 1238.5 „cLLD cLLD 1116.4 122.1 . 90.0 

9 Kolonia Otrorz 1127.8 cLLD 5.91 1050.0 71.3 0.5 93.2 

11 Rzeczyce 786.2 cLLD cLLD 673.9 111.2 - 85.7 

12 Gródki 441.5 cLLD 3.42 438.1 cItO 0.8 99.2 

15 Trzesiny 895.0 <liD 6.95 611.8 276.3 0.8 68.4 

16 Bukownica 603.3 cLLD 39.79 544.6 cLLD 6.6 90.3 

17 Szozdy 1029.0 .cLLD cLLD 804.3 224.7 - 78.2 

18 Topolcza 1059.6 <LLD 2.19 921.1 27.4 0.2 86.9 

19 Szperówka 889.8 cLLD <LLD 717.0 142.7 - 81.7 

20 Kosobudy 766.4 cLLD <LLD 530.0 226.3 - 69.2 

21 Zarzecze 1439.6 <LLD cLLD 1183.7 255.9 - 82.2 

22 Parnia 988.2 <LLD 12.99 818.6 156.7 1.3 82.8 

23 I-lutków 737.2 <LLD 9.60 637.3 90.3 1.3 86.4 

24 Zielone 1132.3 .cLLD 34.10 973.2 125.0 3.0 85.9 

25 WólkaHusińska 1265.1 cLLD 2.98 951.7 310.4 0.2 75.2 

26 Borowina 955.1 cLLD 102.20 397.1 129.0 15.6 60.6 

27 Oseredek 770.4 <LLD 2.32 621.9 146.2 0.3 80.7 

28 Wólka Łosieniecka 1851.9 cLLD 7,49 758.5 264.9 0.4 41.0 

29 Rabinówka 735,9 cLLD <LLD 575.5 111.6 - 78.2 

30 Przeorsk 989.1 .cLLD cLLD 838.3 156.2 - 84.8 

31 Zatyk 797.4 cLLD CLLD 688.6 108.8 - 86.4 

32 Potoki 608.7 .cLLD 29.70 429.7 149.3 4.9 70.6 

34 Mlynki 779.1 cLLD 18.26 476.3 238.1 2.3 61.1 

35 Wola Wielka 728.4 cLLD 7.09 594.3 123.4 1.0 82.0 

36 Nowiny Hlynieckie 941.2 cLLD <LLD 803.3 137.9 - 85.3 

37 Machnów 1329.1 cLLD cLLD 1157.7 175.4 . 86.8 

Table 6. °Cs, 40K, contents in Roztocze region grass (Ukraine side, July, 1995) 

No 

___________ 

Site 

___________________________________ 

Actiyity [Bq/kg] 134, 1Cs 
fraction 

[%] 
fraction 

[%] 

________________ 

Tota!y 
actiyity 4K 7Be 

UO1 Iwano Frankowo 1246.5 <LLD 5.31 981.6 259.6 0.4 78.7 

U01a Wietikopole 828.2 cLLD 10.36 615.9 201.9 1.3 74.4 

U02 Dobrostany 1711.7 <LLD 2.40 1416.5 289.3 0.1 82.8 

U03 Nnwojaworskoje 880.0 cLLD 15.47 609.7 251.2 1.8 69.3 

U04 Wiereszczyca 1775.6 <LLD 11.70 1372.1 391.9 0.6 77.3 

U05 Borki 1406.8 cLLD 19.66 1011.3 375,8 1.4 71.9 
U06 Jasniska 1040.2 cLLD cLLD 710.4 305.8 - 68.3 
U07 Majdan 832.5 <LLD 7.24 498,3 307.3 0.9 59.9 
U08 Wolobracin 507.7 cLLD 2.43 357.3 148,0 0.5 70.4 

U09 Sieriedkiewiczi 754.0 cLLD cLLD 426.4 189.4 - 69.2 
UlO Mokrotin 615.8 „cLLD cLLD 426.4 189.4 . 69.2 

Uli Rawa Ruskaja 826.5 <LLD <LLD 681.5 180.9 - 79.0 
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Table 7. Transfercoeficientof"37CsforRoztoczeregiongrass (Polish 
side, July, 1995) 

No Site TF 

1 Wola Ponkiewska 0.207 

3 Brzozówka 12.618 

4 Wojciechów 0.260 

9 Kolonia Otrorz 0.773 

12 Gródki 0.320 

15 Trzesiny 2.125 

16 Bukownica 2.514 

18 Topólcza 0.094 

22 Parnia 1.389 

23 Hutków 1.648 

24 Zielone 9.467 

25 Wólka Husińska 0.304 

26 Borowina 7.825 

27 Oseredek 0.197 

28 Wólka Łosieniecka 0.537 

32 Potoki 2.371 

34 Mlynki 5.584 

35 Wola Wielka 0.229 

Table 8. Transfer coeficient of l37 for Rnztocze region grass 
(Ukrainian side, July, 1995) 

No Site TF 

U01 Iwano Frankowo 0.386 

U01a Wielikopole 0.342 

U02 Dobrostany 0.341 

U03 Nowojaworskoje 1.169 

U04 Wiereszczyca 0.482 

U05 Borki 0.459 

U07 Majdan 0.324 

U08 Wolobracin 0.281 

U09 Sieriedkiewiczi 0.340 

expiosions, deeper than 10 cm. No samples deeper 
than 10 cm were coilected. If Charnobyi catastrophe 
bad not happened in 1986 then in many ptaces of the 
upper layer of the Roztocze soil I37 would not haye 
been presented at ali. 

In compiex inyestigations of the Roztocze enyiron-
ment the measurements of grass contamination by the 
radioactiye isotopes occurred. Appropriate data are 
inserted in Tabies 5 and 6 and Figures 5-7. It is con-
ciuded from measurements, that grass takes 40K, 
137Cs,7Be from air and soli aboye ali, and in some points 
also 212Pb, 214Pb and 226Ra. The amounts of lead and 
radium are, howeyer, inconsiderable, and form only a 
fraction of percent of total actiyity. The isotope that 
determines the leyel of grass radioactiyity is 4t1K. Jts 
actiyity contribution reaches 80% in Poiish part of 
Roztocze and 73% in Ukrainian. The lowest and the 
highest yalues are: 250 and 1715 Bq/kg of dry grass on 

the Pohsh side and 350 and 1416 Bq/kg in the Ukraine. 
The high ieyel of 40K in grass arises from the fact that 
this isotope is bioiogically actiye and plants absorb it 
yery intensely. The amount and the kind of the jon 
absorbed by a plant depends on the kind of plant and, 
to some extent, on its root system. Generaily, plants 
haye programmed in adyance a request for the particu-
lar ion.[11]. In consequence, when the concentration 
of this jon in soli is too bw, the plant absorbs other ions 
of the same sign. For exampie, in a potassium ion 
shortage other ions from the first group may be ab-
sorbed i.e. caesium. 

1a 

tcII 

Fig. 7. The actiyity of Cs- 137 in grass Bq!kg 

Another isotope present in bigger amounts in the 
grass samples 15 7Be. This isotope comes from space, 50 
piants absorb it by leayes, not roots. Besides, failing 
down in an aerosol form, 7Be may settle down on the 
surface of their leayes, increasing radioactiyity. 

The actiyity of grass results from the presence of 
artificial isotopes, i.e. 137Cs (as „34Cs practically was not 
detected) ranged Erom O to 254 Bq/kg of the dry mass 
in Polish Roztocze and from Oto 20 Bq/kg in Ukrainian 
Roztocze. The high actiyity of „37Cs in point No. 3, from 
Brzozówka yillage (254.1 Bq/kg of dry mass) is surpris-
ing, as the soli Erom this territory reaches only 20.0 
Bcj/kg, whereas potassium actiyity was rather high, 
reaching 554.1 Bq/kg. The reason for this may be plant 
physiobogy, the dispersion of radionuclides adsorbed 
by plants and physical and chemical structure of the 
soil. 

To inyestigate the influence of 137Cs content in soli 
on the amount of absorbed caesium by grass, a transfer 
coefficient of 137 to grass was catculated according 
to the equation: 

Cs-137 actiyity of grass [Bq/kg] TF= 
Cs-137 actiyity of soli [Bq/kg] 
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Table 9. Selected heayy metal contents in soi! samples cl Roztocze region (Polish side, July, 1995). 
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No Site 
Concentration [ppm] 

Mn Fe Cn Zn Pb Cr Ba 

1 Wola Ponkiewska 409.4 10280.0 28.4 38.1 27.7 164.0 415 

2 Batorz 503.0 12040.0 31.9 48.2 28.4 ND 394 

3 Brzozówka 687.1 11390.0 36.7 44.4 44,5 NNND 411 

4 Wojciechów 635.5 9329.2 32.0 46.6 31.8 ND 386 

5 Borowoica 102.6 3528.7 23,4 99.8 53.0 ND 138 

6 Zofianka 436.5 10030.0 18.6 60.0 50.3 <147.2 355 

7 Kocudza Górna 628.9 10520.0 31.2 57.6 36.0 ND 406 

8 Zdzilowice 302.1 11660.0 26.1 37.4 30.1 ND 396 

9 Kolonia Otrorz 453.4 12580.0 30.3 41.6 28.7 222.7 393 

10 Zastawie 619.4 11650.0 35.2 55.6 31.7 222.8 413 

11 Rzeczyce 311.0 3835.8 <13.5 30.3 21.2 ND 218 

12 Gródki 418.2 15880.0 28.6 41.0 32.7 ND 388 

13 Zaporze 582.1 16560.0 41.6 76.6 34.5 <176.4 408 

14 Chtopków 667.5 9996.5 39.54 115.6 34.7 ND 390 

15 Trzesiny 123.5 4097.4 18.6 23.6 22.2 ND 205 

16 Bukownica 438.2 2369.7 18.7 24.3 21.3 224.5 120 

17 Szozdy 194.1 6366.3 19.5 30.3 17.0 ND 116 

18 Topolcza 159.9 4589.3 22.0 28.68 20.8 ND 133 

19 Szperówka 596.1 143.4 31.9 28.6 27.7 246.7 409 

20 Kosobudy 158.2 1342.5 19.0 23.2 14.2 ND 99 

21 Zarzecze 165.9 1963.1 24.6 23.3 17.4 ND 130 

22 Parnia 110.4 3485.7 23,7 30.8 23.6 ND 123 

23 Hutków 230.4 3488.8 <15.4 15.9 20.4 ND 146 

24 Zielone 326.8 2447.1 29.1 23.6 14.8 ND 145 

25 Wólka Husińska 221.1 4312.7 19.1 25.5 22.5 ND 148 

26 Borowina <74.8 938.2 17.0 10.0 20.9 ND 81 

27 Oseredek 198.5 6017.0 28.3 26.3 26.3 ND 124 

28 Wólka Łosieniecka 229.7 5645.0 17.8 53.2 30.7 ND 139 

29 Rabinówka <86.6 5957.8 17.5 35.0 15.4 249.9 174 

30 Przeorsk 303.4 16200.0 <21.2 68.0 27.3 ND 192 

31 Zatyk 146.8 4687.9 <17.6 20.9 15.5 ND 120 

32 Potoki <96.8 974.7 21.6 15.6 20.8 ND 85 

34 Miynki <90.8 3193.6 17.1 14.5 19.9 ND 84 

35 Wola Wielka 95.4 2616.5 26.8 16.3 28.4 <139.7 106 

36 Nowiny Hosynieckie 201.7 3111.2 20.7 20.6 13.3 ND 101 

37 Machnów 108.1 5173.3 28.4 28.7 21.3 ND 147 
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Table 10. Setected heazy metal contenta in soil samples ot Roztocze region (Ukrainian sicie, July, 1995). 

No Site 

Concentration [ppm] 
__________ __________ _____________________ 

Mn Fe 

__________ 

Cu 

_________ 

Zn 

__________ 

Pb Cr Ba 

U01 Iwano Frankowo 237.3 7386.0 21.5 33.4 20.1 ND 228 

U0ta Wielikopole 161.4 8225.8 21.8 41.3 39.2 ND 225 

U02 Dobrostany 191.4 3815.3 17.8 24.1 15.1 ND 212 

U03 Nowojaworskoje 502.5 4545.1 17.7 38.4 24.6 ND 225 

U04 Wiereszczyca 689.1 6037.6 29.0 55.2 32.9 ND 289 

U05 Borki 164.1 3863.0 22.3 18.0 18.2 ND 137 

U06 Jasniska 1427.6 8716.6 21.6 72.21 36.2 ND 155 

U07 Majdan 517.9 8517.6 <14.7 32.8 ND 347.0 

U08 Wolobracin 691.6 6793.6 24.2 42.4 24.1 202.0 219 

U09 Sieriedkiewiczi 145.6 4633.8 <13.3 38.3 19.8 ND 288 

UlO Mokrotin 225.2 9724.7 25.4 34.1 26.6 ND 356 

Uli RawaRuskaja 177.0 7903.9 83.7 46.7 146.1 ND 166 

Respectiye resuits arc coilected in Tabies 7 and 8. 
Obtained yalues ofTF coefficient differ much and yary 
from 0.09 to 12.6. 

Maybe sucha different transfer coefficient is caused 
by the kiud of soil, its pl-I yaiues, organic substances 
content, leaching parts of the soli content, the type and 
size of minerais, the presence of some cations, soii 
humidity, degree and the rate of the plant deyelop-
ment, kind of plant organ and nutritious substance 
content in the soil [12]. 

The measurements of heayy metal content in sofls 
of Roztocze were performed to deyelop our knowiedge 
of the enyironment of the region. Releyant data arc 
inserted in Tabies 9 aud 10. Frorn among 14 heayy 
metais detected in the examined sampies, special at-
tention was piayed to those which reyeal yery Big (Cu, 
Cr, Zn, Pb) or big (Mn, Fe, Ba) accurnuiation coeffi-
cients. Ali elements mentioned in the first group arc 
especialiy dangerous to the chernical balance in bio-
sphere, if arc introduced to the enyironment in greater 
amounts [13]. Also, the elements haying smailer accu-
mulation coefficient arc harrnfui to the organisrns 
when their concentration in the enyironrnent would 
increase. The harrnfulness of heayy metais to the enyi-
ronment results from their biochemical and chemicai 
properties. Looking at the obtained resuits one may 
state, that in any sampie point at Polish side of 
Roztocze the admissibie leyei was not exceeded. On 
the Ukrainian side, in point Uli in Raya Ruska city 
146 ppm of iead was detected, whiie 100 ppm is the 
maxirnum admissibie ieyei [13]. Aboye contaminations 
arc connected with locai industriai actiyity. 

GcneraHy, the rather bw concentration of heayy 
mctais in Roztocze soiis arises from the absence of 

chemicai industry (artificiai fertiiizers, paper aud cel-
iuiose production). The range of influence ofindustriai 
ernission often exceeds 50 krn but the greatest changes 
of chemicai composition of soii take place ciosest to 
ernitters [13]. The permanence of metai elements ab-
sorption that were introduced to soil, depends on their 
chemical structure as weii as on structure, composition 
and properties of soil. The exceeding of heayy metal 
admissibie ieyei is obseryed in Poland only for soils of 
big aggiomerations aud industriaiized regions. 
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