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Abstract: Ecological investigation concerning anthropogenic pollution of the soil in the upper subalpine zone was carried
out on Pozyzewska Mount, in the Czarnohora Massif, the Eastern Carpathians, Ukraine. Studies on the environment were
based on soil collected at depths up to 0.45 m found on the slopes of Pozyzewska. The concentration of heavy metals and
selected anions in soil was measured and substantial deposition of lead, zinc and sulphates was observed. The origin of
these pollutants is probably connected with deposition from contaminated air masses, which are orographically transported.
The pollutions are transported in regional and/or cross-border scale.
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Introduction

The western part of Central Europe mountains underwent strong anthropogenic processes. A significant part
of the Western Sudety underwent deforestation. The main reason was atmospheric contamination with sulphur
and nitrogen compounds as well as heavy metals. Forest ecosystems degradation processes encompassed
mainly the upper subalpine forest (Boratyniski et al. 1989; Grodziriska 1980).

There are symptoms of forest degradation in the Western Carpathian Mountains. To explain the reasons for
this condition of the environment, the Institute of Geography and Regional Development of the University of
Wroctaw started joint research with the Geography Institute of the Lviv University. The research was conducted
in the Czarmnohora Massif on Potonina Pozyzewska (mountain pasture) in the Eastern Carpathian Mountains.

Location of the research area

Potonina Pozyzewska (1822.2 m. a. s. |.), a part of the Czarnohora Ridge (fig. 1, photo 1), was selected as the
research area. The material for the research was collected from four research stations. Research station 1 was
at the south-west mountain slope, research station 2 — the north-west part, research station 3 — the mountain
top and research station 4 was established in the middle of the north-east slope (photo 2 and 3).
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Fig. 1. Research area location in the Czarnohora Massif in the Eastern
Carpathian Mountains

Photo 2 and 3. Sampling in {3
the field :

Station 1

Station 1 was located on the south-west slope of Pozyzewska Mount. The slope angle is about 20°. The slope
is covered by bulrush, cowberries and various types of grass as well as common juniper. The soil profile is
composed of loamy-sandy peat brown soil with lithic fragments and eluvial-deluvial horizon developed in
Czarnohora sandstones and conglomerates.

Table 1. Soil profile at station 1

Depth (cm) Description
0-5 Humus-peat sand clay with plant roots and remains. The transition from the turf level is clear
510 Humus level is transitory., sandyz dark bl'.O\.Nn yvith grey spots an.d. layers of quartz sanq, wet with a lot of
roots, strongly skeletal with medium participation of debris, transition to the lower level is gradual
10-20 Humgs level, transitory, dark brown, clayey sand, strongly skeletal, with a lot of roots, transition to the lower
level is gradual
Humus level, transitory, dark brown, clayey sand, strongly skeletal, with very few roots, transition to the
20-30 ; o
lower level is clear through a change of skeletability
<30 Transitory level to bedrock, strongly skeletal, weakly clayey sand changing to dusty clay, with large blocks,
very few roots
Station 2

Station 2 was located on the SW slope of Pozyzewska Mount, 35 m from the top, on a crowned top part,
(slope angle 8-10°). Land cover are: mossy-lichen-bulrush, various subalpine grass types. The soil profile is
composed of brown-grey turf soil, clayey-sandy, very skeletal, which was developed on eluvium of Czarnohora
sandstones and conglomerates.
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Table 2. Soil profile at station 2

Depth (cm) Description
0-5 Humus-turf level with some quartz, wet, with numerous grass roots, clear transition to the lower level
510 Humus level, dark brown with some quartz, wet, low skeletability, numerous roots. Clear transition to the
lower level
1025 Humus level, transitory, clayey san.d., brown, with small pieces of debris, weathered Czarnohora conglom-
erate, numerous roots. Clear transition to the lower level
<25 Clayey sand, eluvium of Czarnohora conglomerates, below there is bedrock
Station 3

Station 3 was located on the SW slope of a crowned culmination, 25 m from the top of Pozyzewska Mount.
Crowned surface is covered by mossy-lichen-bulrush and various grass types. The soil profile is composed of
sandy, brown-grey turf soil, strongly skeletal, which was developed on eluvium of Czarnohora sandstone and
conglomerates.

Table 3. Soil profile at station 3

Depth (cm) Description

0-5 Turf-humus, dark brown, strongly skeletal sand, medium sized debris, a lot of wood.

510 Humus, dark brown, sand, strongly skeletal, medium stony, numerous old roots, clear transition to the
lower level.
Humus level, transitory, dark brown, sandy, strongly skeletal, stony conglomerate, deposited horizontally,

10-20 I »
it fills fissures left after roots, gradual transition to the lower level.

<20 Bedrock, eluvium of brown sandstone and Czarnohora conglomerates.

Station 4

Station 4 was located NE from the top of Pozyzewska Mount, below the flat Pozyzewska-Breskut saddle, to
the right of a path leading to the culmination (crowned slope angle 15-16°). The surface is covered by bilberry-
cowberry-juniper with various grass types. The soail profile is composed of brown-grey turf soil, weakly clayey,
very stony, which was developed on dyluvium of Czarnohora sandstone and conglomerates.

Table 4. Soil profile at station 4
Depth (cm) Description
0-5 Humus-arboreal, weakly clayey turning into sand, weakly skeletal.
Humus, dark brown with some quartz grains, weakly clayey sand turning into clayey sand, medium skel-

510 etal, numerous roots. Clear transition to the lower level.

10-20 Humus, tre'lrjsitory, light brown with dark brown runs, weakly clayey sand, numerous roots, very stony,
clear transition.

<20 Bedrock, light brown clayey sandstone with debris, few roots.

Research method

Lithological research was conducted using combined sieve (>1 mm) and laser diffraction methods (<1 mm). Grain
size analysis for particles less than 1 mm was performed using laser analyser Mastersizer 2000 (Malvern). The
soil acidity (pH of H,O and KCl) was determined using a potentiometric method by pH-meter CX-401 (Elmetron).
Sulphates and nitrates were determined with a UV-VIS spectroscopy method using spectrophotometer LF-205
(Slandi). Heavy metals (Pb, Cd, Cu, Zn, Ni, Cr, Al, Mn, Fe) were determined using flame atomic absorption
spectroscopy (FAAS) in AVANTA X (GBC Scientific Equipment). Before the measurements samples were
mineralized in microwave digestion Mars Xpress (CEM Corporation).
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All laboratory works were done in the Soil Laboratory of the Department of Physical Geography (University of
Wroctaw).

Results and discussion

Grain-size composition of samples from the tested profiles is presented in table 5 and 6. The largest part is
formed by small debris and sandy fraction which are the product of physical weathering of sandstone and
conglomerates in Czarnohora. The examined soils and grounds are characterised by statistical grain-size
indicators in phi scale: Md = 3+4, sporadically 5, wrong sorting (81=2.2+3.0), skewness in the range from
negative to positive, negative values prevail (8l = 0.1+ -0.34), curtosis KG=0.64+0.95.

Table 5. Grain-size composition at station 1 and 2 (%)

Station 1 Station 2
pm 0-5 510 | 10-15 | 15-20 | 20-30 | >30 0-5 5-10 | 10-15 | 1520 | >20
0.488 - 0.977 0.29 0.29 0.24 0.2 0.34 0.25 04 0.33 0.2 02| 0.12
0.977 - 1.953 0.51 0.53 0.52 0.46 0.56 0.52 0.72 0.59 0.44 047 03
1.953 - 3.906 1.16 1.15 1.1 0.98 1.22 1.15 1.61 1.33 0.96 1.02| 0.65
3.906 - 7.813 2.14 2.25 2.41 2.27 2.69 2.41 3 2.64 2.01 209| 133
7.813-15.625 7.02 8.21 7.83 6.92 8.15 541 6.93 6.85 4.87 454 2.86
15.625-31.250| 14.18| 15.39| 14.06| 11.57| 1584 11.43| 14.57| 14.16 9.8 93] 5.92
31.250-62.500( 11.34| 12.08| 12.03 9.94 16.11| 16.92| 13.53| 1577 13.37| 14.84] 943
62.5-125.0 6.68 8.25 9.03 747 1167 14.31 488 1184 12.16| 1452 9.33
125.0 - 250.0 5.81 6.82 7.26 573 8.13 8.39 4.45 8.74 7.85 8.61| 577
250.0 - 500.0 4.61 5.79 5.12 448 6.23 5.95 5.3 6.59 5.22 5.24| 3.37
500.0 - 1000.0 1.56 2.24 1.3 1.36 1.87 2.06 1.71 217 1.82 117 1.3

1000-2000 18.3 16.1 16.7 1.4 1.4 12.6 13.8 14.7 16.6] 214 191
2000-4000 14.2 7.1 13 76 9.5 8.4 19.2 9.6 13.1 13.2| 179
4000-8000 8.4 3.2 5 10.4 6.3 7.8 9.9 47 6 34| 119
8000-16000 38 10.6 4.4 19.2 0 24 0 0 5.6 10.7
Statistical grain-size parameters
Md (d50) 395 4.23 42| 374 381 443 276 407 4.07 4 25
Mz (SS) 3.96 4.1 414 338| 3.08 419 313 3.7 3.88| 3.75| 2.81
31 (SO) 252| 264 248 298| 251 233| 248 232 24 209 242
Skl (SK) 0.01 0.1 -0.04 01| -0.34[ -012| 015 -0.24| -0.09] -0.19] 0.2
KG (SP) 077 0.88] 0.81 0.68 0.7] 095 072 088 092 094 0.88

Soil chemical properties

The soil reaction is acid or weak neutral in all tested profiles (tab. 7). At surface organic levels pH,, is in the
range of 3.15 - 4.57. Soil reaction is conditioned by the differentiation of the soil site and the degree of its
anthropopression. The most acidic levels were found in profile 1 and 2 soils. At the depth of 0.20 — 0.30 pH is
generally lower than 3.0 and below this depth it is higher than 4.

In the ecosystem of subalpine turf the acid reaction depends on acid rain and the chemical composition of
rocky subsoil. In the vertical profile alignment the acid layers are near the surface and with depth pH,, is
reduced encompassing the washing levels BC and C. Low pH, , values (3.15) are at the levels with a significant
percentage of organic matter. They determine the transformation directions of humus compounds thus influencing
the size of the sorption complex and the participation of exchangeable cations. In the Sudety Mountains (the

Karkonosze Range) the levels of aubalpine turf show similar pH, , values (Drozd et al. 1998).
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Table 6. Grain-size composition at station 3 and 4 (%)

Station 3 Station 4
pm 0-5 510 | 10-15 | 15-20 | 23-30 | >30 0-5 510 | 10-15 | 1520 | >20
0.488 - 0.977 034 021 0.26| 038 042 0415 0.72[ 0.53 0.6 0.62| 0.66
0.977 - 1.953 065 052 054 072 084 028 1.36] 0.91 1.1 1.3 1.6
1.953 - 3.906 145 112 147 1.52 1.81 06| 284 192 235 273 337
3.906 - 7.813 274 239 263] 323 395 123| 543| 357 4.16| 465 548
7.813 -15.625 6.89] 594 6.93] 881 1036 292 10.02| 7.77| 9.87| 9.72[ 9.66
15.625 - 31.250 1343| 912 1047| 1474 1617| 5.73| 2046| 17.31| 19.44| 16.24| 13.92
31.250 — 62.500 1189 872 874 13.01] 1356 7.53| 2425 18.3| 17.04| 13.64| 11.09
62.5-125.0 7.25 8.1 6.29| 849 949 6.1 9.21 76| 757 73| 574
125.0 - 250.0 6.87 69| 486 572 6.72] 339 349 462 487 498 358
250.0 - 500.0 6.64 818 494 439 535 233 388 396 394 352 254
500.0 - 1000.0 2.94 56| 247 099 243] 083 033 0.82 055 0.29] 0.27
1000-2000 20.5 23] 125 10.1 132 151 149 248 181 16.6| 214
2000-4000 13.6 16 74 74 1.2 1.1 3.1 7.9 79 128 116
4000-8000 48 4.2 6.4 41 45 5.1 25 5.6 7.1
8000-16000 24.4 16.4 3.4 2
16000-32000 34.2
Statistical grain-size parameters
Md (d50) 3.1 283 294 439] 385 535 527 428 507 458 45
Mz (SS) 335 3.02] 306 3.76 33| 234 479 422 471 437 453
0l (SO) 232| 207 305/ 309 265 -047( 224 2.16 231 256 2.8
Skl (SK) 0.08[ 0.08 0.1 -0.2[ -0.25] 19.25[ -0.33 01 -0.22 0.1 0.04
KG (SP) 0.86 1.04| 064 078 0.75| 0.05[ 087 0.78] 0.78] 0.77 0.8
Table 7. Chemical properties
Station | Depth (cm) Orgcir:fef#:?;?; ce pH-H,0 [ pH-KCI | Cl(mglkg) | SO, (mg/kg) | NO, (mg/kg) [ mV
0-5 50.22 3.97 3.19 428.73 33.60 32.66 71
5-10 27.64 4.02 3.34 104.97 88.57 42.05 51
1 10-15 19.13 41 342 87.23 27.29 36.08 46
15-20 15.28 4.27 3.53 65.74 2219 27.18 27
20-30 20.22 4.57 3.76 74.22 87.11 26.46 54
>30 14.97 5.1 414 48.60 40.59 26.27 33
0-5 49.69 4.03 3.15 235.18 5.77 16.36 49
5-10 17.93 4.41 3.59 60.21 1.44 41.38 45
T-2 10-15 14.96 4.97 4.06 60.41 1.30 36.00 37
15-20 12.79 5.11 447 27.57 2.65 17.08 34
>20 7.98 5.24 4.57 271.76 6.67 12.22 32
0-5 24.01 4.31 3.38 73.88 1.31 17.63 41
5-10 8.15 4.52 3.68 56.64 6.57 29.52 38
73 10-15 14.74 447 3.85 60.12 1.30 41.36 45
15-20 21.21 45 3.93 47.60 1.30 50.84 41
23-30 16.07 4.68 4.1 46.35 7.84 32.19 47
>30 20.58 5.01 4.30 61.50 7.86 26.31 43
0-5 38.01 4.16 3.46 152.67 10.52 23.99 47
5-10 23.31 4.36 3.67 70.95 47.29 47.66 41
T-4 10-15 16.36 4.63 3.87 4174 22.16 27.13 33
15-20 11.15 4.81 4.02 46.69 10.58 2343 32
>20 9.32 4.95 4.09 51.68 3.99 9.19 29

321



Szponar A., Shuber P. et al.

Macroelements

Numerous authors indicate the participation of exchangeable aluminium in the soils of mountain ecosystems
undergoing anthropopression. Larger amounts of this element are found in the soils of the Karkonosze (the
Western Sudety) at organic levels in areas without anthropogenic degradation symptoms in the natural
environment (Drozd et al. 1998). Smaller amounts were found in soils under decaying or dead mountain pines,
in places where the subalpine grass ecosystem was developing. The maximum exchangeable aluminium
amounts in the soils of the Karkonosze were found at the organic level under mountain pines which did not
undergo decay or dying process.

Table 8. Macro- and microelements

Station [Zcerf]t)h zn|cd|cu| P [ Na| K Fe | Ni| M | Mg cr| ca Al
0-5] 38.19 2.1]12.43] 152.04] 80[ 1253.95| 57235| 6.85| 85.9] 318[ 17.85|318.68] 131343
510 1057 1.01] 3.14] 63.69 66.5] 520.01| 45305] 1.4 16.15] 2005 136 95.63] 111214

-y 1105 83l 01| 164l 4217] 57| 60828 2952] 275 2085 107] 11.95] 110.79] 84775

15-20| 8.99( 0.97| 2.02| 26.25 55.5| 451.79| 4948| 5.55| 26.65| 93| 12.2| 70.87| 8699.85
20-30( 14.37) 0.22| 4.24| 43.2| 85| 533.68| 13498.5| 6.65| 20.3| 268.5| 16.45| 83.77| 13223.8
>30| 31.07| 0.72| 6.73| 17.83| 58| 615.28| 16353 11.2| 79.9| 642.5| 23.95| 82.77| 20181.1
0-5( 27.36| 0.93| 7.84| 120.11| 69.5| 1155.79]  3460| 8.95| 6.55| 117.5| 12.55|155.44| 10636
5-10| 18.32| 0.82| 3.55| 69.63| 55| 527.1| 11301| 7.55| 49.2| 384| 17.05| 92.58| 12207.4
T-2 | 10-15] 24.02| 0.21| 4.55| 33.63| 55| 551.63| 12578.5 10.9| 91.05| 657.5| 21.85(119.56| 18052.6
15-20] 41.46( 0.55| 6.41 17.86| 54.5| 824.23| 11413|18.15|105.15| 834.5 26| 162.43 21409.2
>20| 46.23| 0.73 7.12| 9.78| 54.5| 851.37| 11296( 20.1(127.65| 1051| 25.4| 96.91| 21973.8
0-5( 19.45| 0.98| 4.27| 54.87| 63| 1178.92| 2820.5| 4.8 15.45| 184| 11.7\204.27| 11197.7
5-10| 9.24( 0.53| 1.79 13.45( 35.5| 363.16] 4901 5.7| 22.75| 196.5| 10.25| 72.79| 6349.55
10-15] 7.81 0.42| 1.7| 28.71| 43| 396.66| 7188| 7.45| 22.7| 180| 12.75| 27.73| 9263.95
15-20| 15.58( 0.69| 3.09| 43.07( 65.5( 713.5 12399 3.3| 36.1| 243| 17.9|117.38| 16479.7
23-30( 11.79] 0.83| 3.32| 34.09| 58| 691.1| 8795 4.6| 39.85 164 16.2| 83.42| 15659.4
>30| 28.25| 1.22 5.49| 20.58| 70| 697.93] 17798( 13.4| 79.95| 540| 25.7|108.38| 25527.9
0-5( 34.18) 0.85| 10.92 80| 99| 5156| 8324.5| 9.6 32.25| 339 25|161.38| 23164.7
5-10| 25.48( 0.55| 8.95 52.72( 92.5| 4670.5| 9680.5| 5.55| 25.35| 373.5| 21.55(126.52| 21712.5
T-4 | 10-15] 26.75| 0.2 9.13| 35.79| 68(2139.09| 12226| 9.05| 48.7| 435| 22.6(126.96| 17398.8
15-20| 31.15( 0.41| 13.6| 19.76| 56.5( 1646.15| 13877.5/10.75| 61.65| 500.5| 22.1| 85.63| 18268.8
>20| 36.96| 0.44(17.35| 11.11| 58| 1835.14| 12912.5| 14| 84.85| 542.5| 24.05| 150.55| 17716.4

T-3

Aluminium

An element which is quite common in the soils of Potonina PozyZzewska is aluminium which accumulates in
organic and eluvial levels of soils (tab. 7, 8).

In the examined soils the contents of aluminium is high at the organic level near the surface (up to 1000 ppm)
and it decreases at the depth of 0.15 m. next there is an over two-fold increase. At station 4 the situation is
different — the maximum aluminium contents is at the surface level and then it decreases with depth. The
increase of aluminium contents can be explained by its mobility (Borkowski et al. 1995) .

Aluminium contents in soil is influenced by its contents in the base rock on which soil was formed. The
accumulation and infiltration of aluminium is supported by acid reaction of soil in which aluminium turns into its
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ionic form which can be easily translocated (Drozd et al. 1998).
This process can be accelerated by acid rain and strong acid reaction of organic level of soil in the subalpine
zone of Czarnohora.

Microelements

The participation of microelements in soil depends on the amount of trace elements in the bed-rock, soil
formation processes as well as the intensity and time of anthropogenic emission. In the area of Czarnohora
there are mainly sedimentary rocks with differentiated contents of trace elements. Among these elements.
heavy metals have a significant position, they are released from the bed-rock in weathering processes and
transferred during cross-border transport. As a result of weathering processes some compounds and heavy
minerals are concentrated in eluvium. At surface soil levels the humus level of soil is well developed, which
facilitates heavy metal accumulation.

Lead

Lead has the largest participation in anthropogenic contamination with heavy metals in the soils of Potonina
Pozyzewska. At the depth of 0.05 m it oscillates between 152.94 and 80.6 ppm (tab. 8). At a lower level (0.10
m) lead participation is halved or even decreased by % in relation to the amount in the layer above. At the level
of 0.45 m the valued decreases to 17.63 ppm. At the depth of 0.50 m at the mineral level, the values decrease
even more (to 7.8 ppm) and probably reflect the natural participation of this element.

Higher values of lead were found at organic levels, which confirms that it undergoes accumulation processes
mainly at biological levels. It can be concluded that such values of lead in the examined profiles of Czarnohora
are influenced by anthropogenic factors. Cross-border pollution influences the significant concentration of lead
in the subalpine zone. The migration of this element in the examined profiles is significant which is marked
by the gradual decrease in its concentration with depth. Vertical distribution of lead and organic matter in soil
profiles indicates the translocation of lead with humus compounds.

Zinc

Zinc is characterised by higher migration ability (Kabata-Pendias and Pendias 1993). Its contents in the
examined profiles is increased (tab. 8). The value at the top level of the examined profiles (at the depth of 0.05
m) is 38.19 ppm, and at the level 0.50 m it increases to 47.34 ppm. The migration ability of zinc influences its
increased accumulation at surface and eluvial levels. Translocation of this metal takes place in the podzolization
process parallel to iron complexes (Drozd et al. 1998).

Manganese

Manganese is element whose value increases with depth which indicates its higher translocation ability (tab.
8). In the examined soils the value of manganese increases with depth and the occurrence of bedrock. The
increase in its participation with depth indicates also the translocation deep into the soil profile.

Copper

The highest copper concentration occurs at the humus level at the depth of 0.05 m, maximum is between 12.3
and 4.27 ppm (tab. 8). At the depth of 0.20 m the participation of copper decreases and is about 7 ppm on
average, however, at the mineral level 0.50 m, it increases. In the examined profiles copper tends to accumulate
at the organic level. Its decreasing contents at the lower levels of a soil profile indicates weak migration. Copper
participation in the soils of Pofonina PozyZzewska allows to include the analysed soils in the group of soils with
higher contents of the analysed element.

Cadmium

In acidic environment cadmium may be leached faster than other heavy metals (Kabata-Pendias and Pendias
1993). Its contents in the examined samples is low (tab. 8). In profile 1 at the depth of 0.05 m its is 2.1 ppm and
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itis the highest value in the examined soils. The average cadmium value is about 0.6 ppm. and the value at the
surface level indicates that it is increased in this zone.

Chromium
Chromium contents in the examined soils is in the range of 10-25.7 ppm and increases in the vertical soil
profile.

Nickel

Nickel contents in the examined soils oscillates between 1.4 and 21.4 ppm. Minimum values occur at the depth
of 0.15 m and then they grow. Maximum nickel contents occurs at the organic levels of soil. Nickel released in
the process of rock weathering makes hydrosilicates which are hard to dissolve in water but they easily migrate
in the colloidal form.

Conclusions

The presented results indicate that the anthropopression influence on the natural environment of Czarnohora
is medium or low. The research shows that lead contents in Czarnohora soil indicates the influence of
anthropogenic factors on the natural environment of the mountains. Its concentration reaches values which
qualify it as an element slightly polluting the environment of the ecotop of the higher subalpine forest of the
Czarnohora Massif. The contaminants are transferred mainly by south-west winds from Slovakia and Hungary.
It was also established that the higher values of aluminium increase soil acidity and the toxic influence on the
root system of plants. The increased values of sulphates and nitrates indicate the cross-border transport of
contaminants and register the changes which take place in the ecosystem of higher subalpine forest.

To preserve subalpine ecosystems in Czarnohora it is important to maintain the stabilisation of environmental
conditions in the ecotop ecosystem between the forest and the mountain pasture. In the process of reducing
the contamination of soil in Czarnohora the role of the organic substance is significant as it limits the migration
of contaminants including heavy metals.
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