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Introduction

The whole area of the Tatra Mountains (both Polish 
and slovak) is under protection in the form of national 
parks: Tatra national Park (TPn, Poland) and Tatra na-
tional Park (TAnAP – slovakia).

The Tatra Mountains belong to the International Bio-
sphere reserve and they remain a good place to run re-
search aimed at evaluating artificial pollution levels intro-
duced to this particular region. radioactive elements are 
obviously a kind of chemical contamination. Following 

the chernobyl accident and nuclear tests conducted in the 
middle of the 20th century, this region of europe has been 
radioactively contaminated with, for instance, the gamma-
-emitting radionuclide 137cs (T1/2 = 30.7 year) [1, 2].

The main purpose of this work is to show the tran-
sect survey of artificial 137cs in comparison to the level 
of natural 40k and to some heavy metal concentrations 
(zn, Cr and Pb) determinated in selected soil samples 
taken from the region of one of the main Tatra Valleys 
(Chochołowska) [3, 4]. regarding similar physical and 
chemical properties of caesium and potassium, it seems 
that they are competitive in the natural environment. This 
scrutiny is the continuation of analysis concentrated on 
the level of contaminants in Tatra national Park [5-8].*Corresponding author; e-mail: Barbara.kubica@ifj.edu.pl
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Abstract

This paper presents the results of determination of artificial 137cs and natural 40k activity concentrations 
and some heavy metals in soil samples from the region of one of the main valleys of Tatra national Park 
(Chochołowska). our investigation concentrated on 137Cs and heavy metal levels in mountain soil taken 
from Chochołowska Valley, which revealed great variability in their concentration. The results show con-
siderably small amounts of radionuclides 137cs and 40k in the soils. larger amounts of those elements can 
be found in the organic surface horizons of the soils. The evaluation of the content of those elements must 
be based on the bulk density analysis of the soil.
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Experimental Methods

surface soil samples were collected from 
Chochołowska Valley during the summers of 2001-05 at 
least four times in order to have reliable knowledge of av-
erage radinuclide concentration levels [9, 10]. The precise 
localization (geographical coordinates) and altitude of cer-
tain sampling places were determined using a gPs system 
[gPsmap 76s]. soil profiles were collected with 10 cm 
diameter plastic cylinders. sampling depth was 10 cm. 
Monolith cores were taken out and preserved in the cylin-
ders. The cores were sliced into 3-3.5 cm thick slices. The 
soil slices (levels) corresponded with the concentrations 
of analyzed elements found at different depths (level a-
from 0 to 3 cm, b 3-6 cm and c 6-10 cm) in the soil profile. 
The samples were taken from different genetic soil levels. 
The profile of investigated soils had a Podzols character-
istic coloured sequence of the genetic horizons: ofh (raw 
humus) – e (albic) – Bhfe (spodic) – C (parent material). 
it is essential to note that both the depth of the soil pro-
file and the depth of the horizons were almost equal in all 
investigated soils (Table 1). The collected samples were 
subjected to standard pedological analysis (among others: 
texture, pH,% of the organic matter, C/n). The mineral 
composition of the bulk soils material (<1mm) as well as 
the clay fractions using the X-ray diffraction technique 
were analyzed [11]. The clay fractions were separated by 
centrifugation proceeded to chemical treatment including 
organic matter removal, disposal of free Fe3+ oxides, ac-
cording to Mehra and Jackson method and sodium satura-
tion followed by dialysis. After treatment, separated clay 
fractions were weighed.

Before the gamma-measurements, the organic par-
ticles were removed and the soil material was dried at 
105°C and sieved using a vibrating screen (diameter of 
circular –hole screen was about 2 mm). The radionuclide 
content of the samples was measured by gamma-spectros-
copy with a HPge detector of 10% efficiency for 72 hours 
(for each sample). The gamma spectrometer was cali-
brated by standards IAeA-154, soil-6, IAeA-375 from 
International Atomic energy Agency (IAeA) of Vienna, 
according to the method previously described [12]. The 
soil samples were collected during the period of 2001-05 
but the data of the gamma-measurements were calculated 
and normalized for 01.09.2000.

Additionally, determination of elemental concentration 
of Fe was made by means of the uV-VIs spectrometry 
method (spectrometr Helios alfa – spectronic unicam). 
samples were wet digested with the use of microwave 
system (Plazmatronica, Poland). each determination was 
performed three times.

The PIXe technique also has been applied in this 
study. 2.4 MeV proton beam at the Institute of nuclear 
Physics, Polish Academy of sciences in kraków has been 
collimated down to 1 mm2 on the sample.

The experimental set-up for the PIXe experiments al-
lows collecting two independent spectra at the same time. 
The PIXe spectrum was detected by a si(li) detector with 
an energy resolution of 180 eV for Mn-kα line. The spec-
trum of back-scattered protons used for normalization 
of all registered PIXe spectra are provided by the sur-
face-barrier detector with an energy resolution of 18 keV 
for an am241 source. The surface-barrier detector detects 
particles back-scattered from a thin aluminum foil. The 
foil separates the high vacuum volume of the target cham-
ber from the low vacuum region where the investigated 
sample is placed. This arrangement, known as an exter-
nal beam technique, avoids target charging effects. such 
normalization also provides independence on target types 
and directly proportional to the number of incident par-
ticles. The two input data acquisition system built around 
the orTeC 919 Multichannel Buffer and controlled by a 
PC computer was used for x-ray spectra detection.

Results and Discussion

The concentration level of 137cs and 40k measured in 
soil samples was collected from the Chocholowska Val-
ley region. The values (Table 2) were expressed either in 
Bq/kg dry mass or in Bq measured in the area unit (m2). 
Minimum detectable activity (MdA) accordingly to defi-
nition by Curie [13] were about 10 Bq/kg and 100 Bq/kg 
for 137cs and 40k, respectively.

our data revealed the significant variability in radio-
caesium level distribution in the soil samples taken from 
the Chochołowska Valley area. As shown in Figs. 1a and 
1b, respectively, the 137 cs concentration measured in the 
area unit [Bq/m2] corresponded with the values of radio-
caesium concentration determined per mass unit [Bq/kg]. 

Table 1. specific properties given for investigated soil profiles.

Depth Horizon colour %skeleton
> 2 mm Texture ph % org.matter

0-5 Ofh 10yr 2/2 20 raw humus 4.0 37.8

5-10 e 10yr 6/4 30 ls 4.0 Trace

10-30 Bhfe 5yr 3/2 35 ls 4.6 9.2

30-70 Bs/C 10yr 6/5 40 ls 5.1 Trace

70-90 C1 95 bedrock
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Also, one can observe the tendency proportional relation 
between 137cs activity and sampling point altitude. This 
correlation was observed before and showed in recent pa-
pers concentrated on Tatra’s radioisotope contamination [9, 
14, 15]. Furthermore, for natural 40k isotope, the changes 
in its activity measured in given samples in respect to the 
altitude [asl.] were not noticed. demonstrated increase in 
137cs activity in correlation to altitude might be elucidated 
due to the humic development level; in other words, to the 
number of organic matter present in mountain region soil 
samples. [16-19]. specific properties of all mountain re-
gion soils including the soil-covered Tatra Mts., is the de-
lay in organic matter decomposition process in relation to 
the altitude and forming of ectohumic levels [20-22].

The 137Cs concentration, measured in investigated 
soils, showed an increasing tendency with height [asl.] 
and soil surface carving and soil volume density [5.14]. 
Obtained data showing the changes in 137cs and 40k activ-
ity found in ectohumic soil levels are presented in Figs. 
2a, 2b and 2c.

Apparently, in all investigated samples radiocaesium 
concentration declined with the increase of soil volumic 
density. This means that the artificial 137cs radioisotope 
is strongly bound by organic substance forming the soil 
accumulation levels. Increasing of soil density, which 
suggests a decrease of organic matter content, reduces 
caesium concentration (Figs. 2a and 2d). determined ac-
tivity of natural 40k are inversely proportional to activ-
ity of artificial 137Cs (Fig. 2c). This fact might indicate 
that k cations are competitive to Cs ions. In opposite 
to radiocaesium, natural 40k concentration remains the 
proportional level tendency. With increasing soil den-
sity, potassium activity also increases. This phenomenon 
could be explained by the presence of huge amounts of 
potassium as a natural component in mineral soils. ap-
parently, potassium is one of the main elements that form 
k-feldspars, mica and illic minerals. Measured activity 
of natural 40k was directly proportional to the total activ-
ity of potassium in soil (1 g of potassium contains always 
31.7 Bqkg-1 of 40k). The highest potassium activity was 

Table 2. Activity of radiocaesium and potassium in soils taken from Chocholowska Valley.

sampling places a.s.l.
[m]

%
organic
matter

D
[g/cm3]

activity 137Cs[Bq/kg]/
activity 40k [Bq/kg]

activity 
137Cs[Bq/m2]/
activity 40k 

[Bq/m2]
a a b c

near pathway to Iwaniacka 
Pass 1061 23.44 0.708

308.9±6.78 109.92±1.48 33.88±1.21 7062.7

388.17±5.55 457.35±5.45 461.66±5.16 27302.25
Chochołowska Valley near 
shelter-home near pathway 

to Wołowiec Mt
1180 44.26 0.27

873.6±71.4 348.8±3 48.10±1.7 5491.966

296.9±4.7 483 ±6.1 524.4±6.25 8508.726

Bobrowiecka Pass 1355 71.52 0.17
1782.23±13.39 1926.51±

9.18
247.22±

2.05 13095.82

2.67±0.04 133.8±1.91 464.76±5.68 5390.198

grześ Mt 1653 46.78 0.38
1584±6.91 682.58±4.56 brak 11152.83

346.91±5.53 278.90±3.78 3202.359

Wyżnia Chochołowska 
glade 1720 52.42 0.16

301.7±4 570±4.3 197.6±2.4 5849.089

1.23 636±27 814±34 12901.68

Pathway to grześ Mt 1150 0.33
680.9±3 194.2±1.14 27.4±1.4 9736.666

177.3±6 470±20 474.2±20 19677.3

rakoń Mt 1879 0.17
1562.3±8 493.5±3.4 36.7±1.4 7511.852

51 385.5±16 498.4±21 10582.13

upłaz Mt 1794 0.58
265.98±

2.6 41.5±1.1 10.74±14 2506.195

265.98±2.6 41.5±1.1 10.74±14 26962.22

 starorobociańska Valley 1434 49.46 0.46
385.05±4.3 272.2±2 brak 4255.6

230.07±10 506.4±21 brak 9389.92

Chochołowska Valley near 
lejowa Valley 1224 0.62

148.68±1.74 141.14±1.96 42.86±1.12 7423.00

760.61±8.32 939.4±10.39 815.66±8.6 64754.23
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found in layer “c” (depth of 7-10cm). Furthermore, the 
difference in the potassium concentration is not related to 
altitude and 40k activity was comparable with the value 
of potassium concentration determined for the carpath-
ian Foothills [23].

Also, the aim of presented survey was to present 
data showing heavy metals contamination in the Tatras. 
In analyzed samples the concentration of zn, Pb and Cr 

Fig.1a. Altitude-dependent 137Cs activity (Bq/kg) measured in 
layers (a,b and c) in soil samples from Chochołowska Valley in 
function of sampling point altitude.

Fig.1b. The change in 137Cs concentration (Bq/m2) showed as an 
area unit in relation to altitude of sampling.

Fig.1c. Altitude dependence of 40 k activity (Bq/m2) in samples 
taken from mountain region soils.

Fig. 2a. Content of 137cs and volumic density in all investigated 
soil samples (Chochołowska Valley).

Fig. 2b. Content of 40k and volumic density in all investigated 
soil samples (Chochołowska Valley).

Fig. 2c. The correlation between activity of artificial 137cs and nat-
ural 40k in all investigated soil samples (Chochołowska Valley).

Fig. 2d. The correlation between volumic density and % organic 
matter in investigated soil samples (Chochołowska Valley).
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were measured. Data obtained from the investigation are 
shown in Figs. 3a and b.

The presence of the natural long-lived gamma emit-
ters are due to the connected mineral bedrock.

Presented values of heavy metal concentrations in in-
vestigated soil samples, in the majority were in the range 
of values given for Polish soils or in some cases were 
slightly higher regarding these data [24, 25]. Furthermore, 
obtained results were comparable to those described for 
other mountain regions, for instance karkonosze or the 
Bieszczady Mts. [26-28].

The lead concentration in samples collected from 
Chochołowska Valley is 38.8–117.7 mg/kg (see Figs. 
3a and 3b, respectively). The level of Pb contamination 
changes from 26 to 471 mg/kg on the TPn area but the 
most frequently observed is in the range between 50 mg/
kg to 125 mg/kg. The increase of measurable Pb concen-
tration with increase of the altitude might be explained by 
the quantity of organic matter found in samples in depen-
dence of sampling altitude.

The zn concentration in samples taken from 
Chochołowska Valley from selected points (m asl) varies 
from 34.3 to 55.0 mg/kg and to some extent the values 
grow directly proportional with either altitude or con-

tent of organic matter. For soils covered the whole area 
of TPn, the scale of changeableness of zn concentration 
level is from 11 mg/kg to 664 mg/kg (wet mass). The most 
often measured values are 27-75 mg/kg [29].

Also, Cr concentrations were determinated in soil 
samples. it occurred that the amount of this heavy metal is 
between 15.1 mg/kg to 24.4 mg/kg. The concentration of 
Cr exhibits no correlation with the altitude and the num-
ber of organic matter.

We conducted some standard measurements to deter-
mine the radioisotopes 137cs and 40k and other elements 
(Al, si, k, Cr, zn, Pb) in soil profiles collected from 
Trzydniowiański Mt.(1750 m asl).

This mountain is situated in the eastern part of 
Chochołowska Valley. The results of the investigation are 
given in Figs. 4a and b, respectively [7].

Figs. 4a and 4b show the activity of 137cs and 40k in 
mass unit for the samples taken from the genetic lev-
els of analyzed soil samples [ ofh-e-Bhf-C] were pre-
pared.

The maximum of 137cs concentration was measured in 
ofh levels (raw humus), formed in the process of delayed 
humification of organic matter [5, 16, 30].

The content of radioceasium concentration of 40k ex-
hibits a growing tendency in depth of soil profile, which 
is strongly related to an increase of mineral matter con-
centration. The increase of mineral mass quantity is con-
firmed also by growing concentration of Al, k, si and Fe 
concentration in particular in the case of transition from 
Ofh layer to c level (Fig. 4a).

Fig. 3a. Altitude dependence of of heavy metals (ppm) concen-
tration in samples taken from mountain region soils.

Fig 3b. Content of organic matter dependence of heavy metals 
(ppm) in samples taken from mountain region soils.

Figs. 4. The changes in natural (a) and artificial (b) element con-
centrations in soil depth profile measured in samples collected 
from Trzydniowiański Wierch.
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For elements, in particular, with artificial origin (Pb, 
Cr and partly zn) declining trend in concentration regard-
ing the depth of soil profile was observed. The presence 
of such elements below 30 cm (soil cores) suggests that 
there are the components of parent rock or these certain 
elements associated with organic matter were conveyed 
along the soil profile. Higher values of Pb concentration 
measured in organic levels might indicate direct deposi-
tion of this element from atmosphere on the accumula-
tion layers. similarly to 137Cs, anthropogenic-originated 
lead is strongly bound by organic soil components. The 
ratio Pb/Al shows the excess of Pb, which was released 
from air and accumulated in soil [31, 32].

given results revealed great variability in distribu-
tion of either radionuclides or heavy metals observed in 
investigated samples from Chochołowska Valley area. It 
is probably caused by different sorts of physico-chemical 
soil properties which are the result of geological back-
ground, various surface area carving and unequal inten-
sity of pollutant fall.
 – 137Cs levels in mountain soil taken from the Tatra re-

gion revealed great variability in concentration. The 
values were changing from 148.69 Bq/kg (3761, 44 
Bq/m2) in selected samples from Chochołowska Val-
ley, in samples taken from an area situated between 
Chochołowska and lejowa Valley (1224 m a.s.l) to 
1782, 2 Bq/kg (13095 Bq/m2) for Bobrowiecka Pass 
(1335 m a.sl).

 – The changeableness of radiocaesium concentration 
depends strongly on organic matter content in surface 
horizon levels of investigated soils.

 – Potassium ions play an essential role in ceasium bioac-
cumulation in soils. Potassium as the element which 
belongs to the same group of Table of elements as cae-
sium, has similar physical and chemical properties and 
that is the reason why k might be very competitive in 
the ability of releasing heavier and larger cs ion.
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