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Radionuclides *’Cs and “°K in the soils
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Abstract. The paper presents the results of radioactivity determination of artificial *’Cs and natural “’K in soil samples
taken from the Tatra Mountains in Poland (Tatra National Park — TPN). Soil samples were collected as the cores of
10 cm in diameter and 10 cm in depth. These cores were divided into 3 slices. It has been found that the content of ¥’Cs
was the highest at the sites of the altitude over 1300 m a.s.l. The values of *’Cs concentration in the soils examined
varied — from 55.8 Bq-kg™! (dry mass) (417.8 Bq-m™) for the Tomanowa Pass (1685 m a.s.l.) to 5111 Bq-kg™ (dry mass)
(8400 Bq:m™) for the Krzyzne Pass (2112 m a.s.l.). In most cases, the values were lower than the average radiocaesium

concentration established for Poland.
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Introduction

Among the radioisotopes, one could distinguish some
that are natural and those, which are derived from hu-
man activities (artificial isotopes). In the earth crust,
there are about 60 natural radionuclides, and addi-
tionally few of them are generated by cosmic radiation
[6]. Artificial radionuclides are produced by nuclear
weapon tests (mostly performed in the atmosphere),
nuclear industry (neutron activation in reactors) and
as the result of accidents of nuclear power plants. The
most serious event occurred in the Chernobyl nuclear
reactor in April 1986. The reactor was destroyed and the
amounts of radioactive material (more than 10" Bq in
total) were released to the environment [7, 12, 19]. The
radioactive gases and airborne particles released in the
accident were initially carried by the wind in westerly
and northerly directions.

The pattern contamination from radionuclides was
divided into two types: drop condensing mode and
“fuel-like” drop mode [9]. The radioactive fuel-like
drop deposition consisted mainly of plutonium (Pu)
and other actinides, the lanthanides like cerium (Ce)
and europium (Eu), also niobium (Nb), zirconium (Zr),
ruthenium (Ru) and strontium (Sr). These elements
were associated and formed “hot particles fuel-like
drop” [1, 2, 9]. The main component of radioactive de-
position found in the area of Poland (condensation drop
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mode) is the long half-life (30.7 y) caesium-137 [8, 13].
The other source of artificial '*’Cs in the environment,
except for Chernobyl accident, was the atmospheric
nuclear weapon tests performed at the beginning of
the sixties of the last century [20]. The nuclear weapon
trials resulted in releasing also significant quantities
of other radionuclides, for instance, *Sr, *!Am and
plutonium isotopes.

All aspects of radioactive contamination are still of
vivid interest. Numerous reports were focused on the
monitoring of *’Cs, 13Cs, %Ru, *Ce, 'Sb, *Sr, **Pu,
139+240py, 24Py, 241 Am levels in the forest litter collected
from the area of Poland. Among those surveys, the
most striking issue was the contamination of natural
environment with caesium-134 and caesium-137 [14].
The authors compared the level of *’Cs and natural
radionuclide K (*’K) in soil and plant samples collected
in the Tatra National Park (the Polish part of the Tatra
Mts) [5, 10, 11, 17, 18].

Material

Tatra Mts are the highest Carpatian range (Gerlach,
2655 m a.s.l.). Their specific features are the complex
geological structure and the alpine relief. The Tatra Mts
are High Mountains having fully developed climat-plant
vegetations and provide the barrier for the moving air
masses.

In the Tatras, like in other mountain areas, the
soil spatial diversity strictly depends on the geological
bedrock, the intensity of geomorphological processes
and also on the height mediated diversification of
climat-plant conditions [15]. Massive and hard bed-
rock (granitoids, metamorphic rocks and carbonate
rocks) cause the formation of soils that are similar in
mineral composition to bedrocks. Finally, this leads to
generation of flat structures containing the amount of
rock pieces in the soil. Intensity of geomorphological
events results in establishing fragmented (dainty) soil
cover. The soils possess weakly developed initial stage of
profile and also erosive rocky or rubble structures that
have no organic soil horizons. Mountain topography
is dealing with lateral movement of soil solutions and
growing amounts of the acidic and faint decomposed
organic material with altitude [16].

The aim of this work is to demonstrate distribution
and the concentration of radionuclides (natural “K and
artificial "¥’Cs) in the Tatras soils.

Methodology

To monitor the level of radioisotope contamination,
we chose the 60 sampling points that represented ei-
ther spatial or altitudinal variability of soil cover in the
TPN area. The samples were collected with cylindrical
samplers that provide “soil cores” about 10 cm heigh
(Fig. 1). These cores were sliced into three patch-like
parts that represented different layers starting from
the soil surface: 0-3, 3-6 and 6-10 cm (samples: a4, b,
¢, respectively). The procedure allows the collection
of three samples from each sampling point. The soil
samples were dried at 105°C to stable mass, then the
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Fig. 1. The methodology of sampling.

volume density was designated and the samples were
sieved (mesh diameter = 1 mm). The residual activ-
ity of radionuclides was measured by a gamma-ray
spectrometer (Silena HPGe detector, efficiency 10%.
Full width at half maximum (FWHM) = 1.8 keV for
1173 keV of Co-60. The analyses were performed within
72 h. As control, the standards IAEA-375 and IAFA-154
were used. Minimum detectable activity (MDA), ac-
cording to the definition by Curie [3], were about 10 and
100 Bg/kg for *’Cs and “’K, respectively.

The concentration of artificial *’Cs and natural “K
are shown in two modes:

1. The activity of ¥’Cs in the upper core part (up to

10 cm) [Bq-m™];

2. The concentration of '¥’Cs per mass unit [Bq-kg™]
in each of the examined patch-like parts (samples

a, b, c).

These data presentations allow to compare the total
radioactivity between all the sampling points and the
isotope concentration per mass unit in respect to the
soil depth. The results are also presented in the form
of maps. Having in mind that the examined radioiso-
topes have limited life-time and that the monitoring
has lasted a few years, the data were recalculated for
September 1, 2000.

Results and discussion

The data indicate a significant variability in radioiso-
tope concentration in the soil cover in the TPN area.
The '¥Cs level in the mountain soils ranged between
55.8 Bq-kg™ (417.8 Bq'm™) for the Tomanowa Pass
(1685 m a.s.l.) to 5111 Bq-kg™" (8400 Bq-m™) for the
Krzyzne Pass (2112 m a.s.l.). The level of *’Cs and “K
in soil samples collected from the five main valleys in the
TNP is shown in Table 1 and on the maps (Figs. 2 and
3). There is no relation between the radiocaesium level
and the soil type (see the map ‘Concentration of artificial
137Cs and natural “K in the soil surface layers collected
from Tatra National Park’ — Fig. 2). Also, there is no
significant correlation between the *’Cs concentration
and the localization of sampling points. For instance, one
does not observe any increase in radiocaesium activity
in the western part of TPN, what can be expected due
to western circulation dominance and the amount of
deposited air pollution.

We demonstrated a weak, but increasing trend
line of “’Cs concentration with altitude, however
that correlation is not statistically significant (Fig. 4).
The correlation coefficient reaches the highest value
(about 18%) for the ’Cs level in the soil surface
(3 cm) in relation to the altitude (Fig. 5).

We noticed a strong link between the radiocae-
sium activity and the volume density of soil samples
(Fig. 6). This correlation is observed for each of the
three examined layers (Fig. 7), the higher soil volume
density, the lower radioisotope concentration.
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Table 1. Activity of *’Cs and “’K in the soil samples taken from five main valleys localized in the Polish part of Tatra Mts (West-
-East direction — Chochotowska Valley, Koscieliska Valley, Bystra Valley, Sucha Woda Valley and Rybi Potok Valley)

; D Activity ®’Cs (Bg/kg) dry mass
Places from which the samples Al;:l;de (g/em®) Activity “K (ggq/kg))dry mass Activity ¥’Cs (Bg/m?)
were taken in: Y Activity “K (Bg/m?)
(m) a a b c
Chochotowska Valley
. 3089 + 6.8 109.9 + 1.5 339+ 12 7062.7
Near pathway to Iwaniacka Pass 1061 0.708  3e¢'> % 5'c 4574255 4617+ 52 273022
Chocholowska Valley near shelter- 1180 027 873.6 £ 71.4 348.8 3.0 48.1 = 1.7 5491.9
home near pathway to Wotowiec Mt ’ 2969 =47 483.1 6.1 5244 +6.3 8508.7
. 17822 + 13.4 19265 +92 2472 +2.1 13095.8
Bobrowiecka Pass 1355 017 27401 1338+19 4648 57 5390.2
. 15842 + 6.9  682.6 + 4.6 - 11152.8
Grzes Mt 1653 0.38 3469 £55 2789 +38 - 3202.359
» 301.7+4  5706+43  197.6 2.4 5849.1
Wyznia Chocholowska Glade 1720 0.16 12425 6361+27 8140+ 341 12901.7
. 6809 +3 1942+ 1.1 274 + 1.4 9736.6
Pathway to Grzes Mt 150033 1773+ 6 4701 +207 4742 +203 19677.3
) 15623 +8 4935 + 3.4 36.7 + 1.4 7511.8
Rakofi Mt 1879 0.17 51.0+37 3855+ 16 498.4 + 21 10582.1
26598 2.6 415+ 1.1 1074 + 14 2506.2
Uplaz Mt 1794 0.8 26598 2.6 415+ 1.1 10.74 = 14 26962.2
. 3851+ 43 272220 - 4255.6
Starorobocianska Valley 1434 0.46 2301 + 10 5064 + 21 3 9389.9
Chochotowska Valley near 4 o 148717 141.1+19 29+11 7423.0
Lejowa Valley : 760.6 + 83 9394 + 104  815.7 £ 8.6 64754.2
KoScieliska Valley
o 31625 + 11 213.7 + 4.7 - 3825.0
Koscieliska Valley near chapel 1005 0.49 087.0 + 6 17254 + 555 B 220073
. 1430+12  1200+13.1  951+7 3741.0
Pisana Glade 1012077 4900 +283 7724602 7422 * 164 217195
o 5771 +35 2744 +483 672+ 48.1 5938.0
Smreczyfiski Lake 192 044 2262 +61 3143+ 14 3443 + 23.1 6258.1
4475+59 4553 +7.9 520 0.1 8818.0
Ornak Glade 1094045 4470+ 4 5988 £24.1 6943 £ 235 19315.6
7293 + 172 179.7 + 8.4 78.0 = 3.2 12496.0
Chuda Pass 1853 0.63 521.8 +85.1 6943 +284 7223 %159 32133.4
1940 £51 163040  189.0 5.1 8471.0
Uplaz Glade 1353 0755 365.0 362 377.0 £ 17.6  455.4 + 46 18795.2
. 12941 +26.1 507.0 9.7  306.0 £ 6.1 14452.0
Piec Glade 1474 044 60 +25 2091+12 2074 %2 5176.7
L 6315+14  60.0=12 16.0 = 1 6636.0
Ciemniak Mt 2076 056 8733 +78 11580 = 11.1 1181.0 = 11.5 42763.8
. 5380+ 12 4238+71  123.0+3 12586.0
Lejowa Valley 927 061 84.1+21  853+22 6110+ 222 9939.4
. 301.0+7 233052 1071 + 3.4 7007.0
Lejowa Valley 3 072 g613469 8041 +843 300+ 13 203238
. 87021  121.0 3.0 97.0 = 2 3435.0
Lejowa Valley 960 052 34014331 4522+ 181 5140 +49.1 15155.9
558 +2 122 + 1.0 416 = 0.6 1016.0
Tomanowa Pass 1685 0.63 791.0 + 33.1  806.2 + 34 930.1 + 39.3 39274.6
. 66714 462 +12 461 + 1.3 2157.0
Przyslop Migtusi Glade TS 079 41051 + 463 12190 = 812  1140.0 + 48 46540.9
. 2295+23  644+133 57015 6974.0
Iwaniacka Pass 1455 079 o438+ 471 10891 + 453 11621 + 48 65 667.9
Ornak Mt (middle) 837 060 147.7 £ 1.6 53+ 0.6 67+1 1671.0

3447 £ 141 4166 =172 5128 =21 15184.1
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Table 1. continued.

: D Activity ¥’Cs (Bg/kg) dry mass
Places from which the samples Al:;lide (g/em’) Activity “K (%q/kg))dry mass Activity '¥'Cs (Bg/m?)
were taken in: o Activity “K (Bg/m?)
(m) a a b c
Bystra Valley
3395+22 2101 «21 133 +3 9893.8
Kopa Kondracka Mt 079 07936 3094201 3162+ 171 4328 + 30 25181.6
5065 +21  1177+121 352+4 9596.1
Hala Kondratowa Glade 1333 04386 47194161 5998+23 6164 331 31812.1
o 1125+14  888+13 463 =1 3017.7
Kalatowki Glade 1260 5721 +24  707.9+30 7731 %322 26 088.0
52+05 13+03 22+02 173.7
Near pathway to Kondracka Pass 1509 48216 20 631.8+26  583.45 + 24 33917.7
Pathway Nad Reglami from 1336 1852 2.2 1825 £2.2 3398 +5.0 5471.1
Kalatowki Glade to Bialy Valley 5353+ 22 592.8 = 25 683.2 = 29 13803.0
. 442 + 1 79+ 1 45+ 04 893.9
Baily Valley 1033 403.6 £ 17 422118 4137+ 17 18692.2
Sucha Woda Valley

. 2852+ 11.1 602 +8 319 +3 4776.1
Hala Ggsienicowa Glade 1553 04666 4o79 401 5391 +341 5503 =335 26599.8
3 5002 +14 5253 =13 662 % 3 10861.1
Skupniow Uptaz Mt 1334 07957 52406 271.4+112 25659 = 10.8 4415.4
Skupniéw Uplaz Mt near path 1448 06 2855+35  838+18  41.7+16 2830.9
way from Jaworzynka Valley ’ 981.9 = 41 750.8 = 31 884.0 = 37 25932.7
. 2847 + 121 2592 + 31 704 + 8 5882.4
Carny Staw Gasienicowy Lake 1623 0231 4635 4 11 3039+12 6133240 125615
2847+ 101 198.7 = 11 T1+£5 7154.7
Jaworzynka Valley 1207 05388 5108+ 540 2620 %331 3397 %172 141347
. 542+12  1000+12  405+1.1 27473
Kasprowy Wierch Mt 1986 0.95 6592 +28.1 303.5+ 132 529.5 +22.1 20967.4
S . 3283+56 3972+ 13 652 + 1.8 4708.4
Myslenickie Turnie Mt 1360 0.17 1493 + 18 6964 +87 8844 +91 15508.9
Kunice pathway to Myslenickic 500 1 238.6 + 7 158.0 + 4 639+ 15 1695.9
Turnie Mt : 85.0+1.1 1427+2  3285+40 4268.0
1557 21  1529+15 563 =13 4501.8
Kasprowa Polana Glade 1250 070 9500 +81  808.01£82 8345+ 9.0 29946.6
o 64.0 = 1.1 55+ 06 35+ 0.4 978.0
Kozia Dolinka Valley 1958 101 0700 +45  6395+27 6647 +28.1 34.686.2
. 2311+£27  332+14 - 21412
Kozia Dolinka Valley 1958 0.585 5095 + 21 6477 + 27 B 217534
5561 +63  9%41+18  129+1.1 3874.5
Zmarzly Staw Lake 1852 0.3 7076 £29 5541 +23 4934 + 21 18047.4
o 6390+33  818+15 37.6+12 74493
Swinicka Pass 1962057 819.0 34 8700 £36  817.0 « 34 30671.2
Pathway near Zadni Staw 813 oo 101689 608653 50+1 13161.0
Gasinicowy Lake . 7363 + 311 3172+ 13  837.0 + 35 27853.9
1534.6 £ 18 799575  407.8 = 5.1 11485.0
Pathway from Kasprowy Mt 1786 018 511s+8  1905+8 3907+ 161 3672.2
Pig¢ Stawdw Gasienicowych 1649 026 590.9 = 4.5 1849 = 1.8 103 £1 3775.5
Valley : 6.1+ 1 4632+ 19 5649 + 24 118325
. 520+ 1 3331 597 + 1 1739.6
Glade near Kopieniec Mt 1242 085 581416 417.9+17.1 389.0 = 161 15085.6
151.4 = 35 847+ 11.2 - 3278.7
Olczyska Glade 1032 0.61 3829+ 16 383.6 % 16 - 12580.4
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Table 1. continued.

; D Activity ¥’Cs (Bq/kg) dry mass
Places from which the samples Al;:l;de (g/em?) Activity “K (g':‘,q(}kg))dry mass Activity 'Cs (Bg/m?)
were taken in: N Activity “K (Bg/m?)
(m) a b C
Rybi Potok Valley
790211 177.1 £ 4.6 363 %27 3986.7
Opalony Mt 21240295 g0h 50 306+ 145 2903+ 12 5543.1
e . 8815+ 11.5 264.8 3.9 413 £23 5539.8
Pigc Stawow Polskich Valley 17400335 422 420+178 4160+ 16 8957.0
. 3968 51  368.0 % 7.1 371+ 1.1 6758.5
Szpiglasowa Pass 20404836 e g4 3733 £15.7 5639 % 6.5 11661.5
. 19350 £33 390.1 8 83.0 %2 17538.5
Za Mnichem Valley 1900 048 " yi0+ 121 2291+17 3490+ 14 12010.0
. . 7821 + 141 11672+ 191  675.0 = 10 8962.1
The still of Za Mnichem Valley 1770 0.24 420 + 28 96.0 + 28 4500 + 18 28146
o 161.0 = 4 205.0 + 4 79 05 3531.2
Palenica Bialczaiska Glade 980 023 1380+20 6900 + 26 251+ 1.1 10984.6
9222 +£204 9402 - 9101.7
Czarny Staw Lake near Rysy Mt 1580 0.54 8019 + 37 10200 + 32 B 203795
. 5911133 7130157 15009 9073.9
Morskie Oko Lake 139303 6019 428019  557.2%267 9193.4
4826 £ 115 840 =02 7.0 = 0.7 6969.8
Roztoka Valley 1031 063 se70+206 8140+117 8260 % 127

L 1493+ 13  123.0+122 191215 7058.0
Wiota Chalubifiskiego Pass 022 L3 ase3 79+32 7996+ 33 35897.2
o 1875+ 1.7 1045+ 1.6 583+ 12 3619.6
Gesia Szyja Mt 1480 06lg o564y 1458 + 6 139.7 =7 3932.5
Gesia Szyja near Rusinowa 1248 0.53 1153 £ 2.1 93.8 1.2 6511 2948.5
Polana Giade : 364615  3341+14 3723+ 16 12340.0

The relations between the '*’Cs level, altitude and
the soil volume density are interconnected. It is well
documented that the mountain soil properties are alter-
ing with altitude, in particular, the features of the upper
soil layers (O horizon, first 10 cm) change. In these
surface layers, the level of organic material increases
with altitude (included the subalpine zone). Moreover,
one could notice not only changes in the quantity of
organic mass, but also in its decomposition stages, the
huminification level and the content of humic and fulvic
acids (the ratio of humic acids in humus (organic mat-
ter) [4]. The humus modification also implies changes
in soil volume density. The relation between the soil
volume density and the radiocaesium activity could
then reflect the interdependence between the altitude
and ¥’Cs level and might suggest an indirect secondary
phenomenon.

The concentration of caesium-137 is the highest in
the O horizon of the examined soils and its quantity
declines with soil depth (Fig. 8) what is shown on a
map ‘Concentration of artificial '*’Cs and natural “K
in soil upper layers collected from Tatra National Park’
(Fig. 2). Elevated accumulation of radiocaesium in the
surface layers indicates its atmospheric deposition on
one side and also could be the result of strong sorption
by organic components of the soil.

The concentration of “K is directly dependent on
the total potassium (1 g of potassium shows 31.7 Bq
of “K) and its quantity reflects the presence of alumi-
nosillicate particles in the soil. The noticeable feature

of Tatras soils is the accumulation of well-decomposed
organic material the amount of which gradually de-
creases with depth of the soil. The level of radiopotas-
sium significantly increases with depth because K is
the major component of the soil mineral layer (Fig. 9).
This observation is confirmed by the experimental data
shown on a map (Figs. 2 and 3).

There is no correlation between the “K concentra-
tion and the altitude of the sampling sites (Fig. 10).

The activity of radiocaesium for the soil samples
ranged from 0 to 1000 Bq-kg™ (dry mass), (Fig. 11).

In view of the fact that the average range of mea-
sured ¥’Cs concentration for Poland varies from 300 to
500 Bq-kg™! (dry mass) [10], the obtained data appear
to lie within the average for Poland.

Both “K and '*Cs belong to the lithium group
(Group IA, alkali metals) and possess similar chemi-
cal and physical properties. For this reason, one could
expect very much alike behaviour of those elements
in the soil sorption complex. The competition of the
elements have already been demonstrated in the distri-
bution analysis data where the *’Cs level declines and,
at the same time, the “’K concentration increases with
depth of the soil. Recently, some reports pointed out the
mechanisms of the competition phenomenon between
elements [10], now we could also add the competitive-
ness of these two radioisotopes. The notion is likewise
supported by the data revealed on maps (Figs. 2 and 3)
where the concentration of the radioisotopes in the sur-
face layer is indirectly proportional to the area unit.
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Conclusions

Based on the obtained data, we conclude that:

— The concentration of *’Cs in Tatras soils varies —
from 55.8 Bq-kg™ (dry mass) (417.8 Bq-m~?) for
the Tomanowa Pass (1685 m a.s.l.) to 5111 Bq-kg™
(8400 Bq:m™) for the Krzyzne Pass (2112 m a.s.l.).
In most cases, the values are not high, moreover,
they are lower than the average radiocaesium con-
centration found for Poland.

— Variation of "’Cs level in the TPN soil samples
depends mostly on the soil volume density and on
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Fig. 7. Correlation between the radiocaesium activity and the
soil density for layers a, b and c.
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Fig. 8. The *"Cs activity as a function of the depth of sam-
pling points.

the concentration of organic material, what is the
main factor of the soil sorption complex. We ob-
served the secondary effect of ¥’Cs augmentation
in the soils that appears with altitude. There was
no other notion regarding to radiocaesium spatial
distribution.

— The methodology of *’Cs determination in soils
should take into account soil volume density and
the level of organic components, whereas soil type
is not a crucial factor.
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Fig. 11. The number of observations (measurements) in rela-
tion to the ¥Cs level.

— The “K concentration increases with depth of
the soil, whereas the '*’Cs concentration declines
with soil depth in the 10 cm thin layer. The result
supports the hypothesis that the radiocaesium
involved is derived mostly from the atmospheric
deposition. On the other hand, the data obtained
could also confirm the competitiveness of Cs and K
due to their similar chemical properties.
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