
GEOGRAFIE - SBORNIK CESKE GEOGRAFICKE SPOLECNOSTI 
ROK 2008 • CISLO 3 • ROCNIK 113 

LUDEK SEFRNA, FRANCO PREVITALI, ROBERTO COMOLLI, DAVIDE CANTELLI, 
MIRJANA ZDRA VKOVIC 

TRACE ELEMENTS IN SOILS IN THE NORTHERN AND THE 
CENTRAL TIAN-SHAN (KAZAKHSTAN - KYRGYZSTAN) 

L.Sefrna, F. Previtali, R. Comolli, D. Cantelli, M. Zdravko
vic: Trace elements in soils in the northern and the central Tian-shan (Kazakhstan -
Kyrgyzstan). - Geografie-Sbornik eGS, 113, 3, pp. 253-268 (2008). - The present paper 
examines and compares heavy metal contents in soils from two altitudinal sequences in the 
northern and the central Tian-Shan mountains. The soil horizons of 11 sites were 
described, sampled, analysed, interpreted and classified. Results show that pedological 
processes similar to those responsible for the development of steppe chernozems are active 
even at very high elevations. This is probably in part due to the presence of blankets of 
aeolian silt deposited recently and in the past. 
In order to verify the degree of accumulation and possible ecotoxicity, the distribution and 
mobility of Cd, Cr, Cu, Zn, Pb, and Ni within soil profiles were checked. Relationships 
among elements and other pedological parameters, such as organic carbon content, pH, 
texture, etc., were investigated. Lastly, the possible risk of contamination was assessed. 
KEY WORDS: trace elements - soils - Tian-Shan - taxonomy. 

1. Introduction 

Soil profiles situated northwest and east-southeast of Lake Issyk-Kul (Fig. 
1) in the central Tian-Shan mountains (Kazakhstan and Kyrgyzstan) were 
investigated. Two previous works (Comolli et a1. 2003, Previtali et a1. 1997) 
discussed findings on relationships among soils, climatic conditions, 
vegetation cover and landforms. 

This work examines the soil content of trace elements considered to be good 
indicators of possible soil contamination at high altitudes (2,000-3,000 m a. s. 
1.), which is often due to atmospheric contributions. Trace element contents in 
high altitude glaciers and soils from various parts of the world are often 
higher than expected. This is due to the fact that atmospheric transport and 
fallout bring human-induced pollution to regions even very distant from the 
source. 

2. Geography, Geology and Geomorphology 

The Tian-Shan mountain belt extends for about 2,500 km from the 
SyrdaIja River basin in the west to the Gobi Desert in the east. The belt is 
characterised by several parallel E-W-trending mountain systems, with 
elevations frequently exceeding 5,000 m. The mountain system is about 600 
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Fig. 1 - Geographic loca tion of the study area 

km wide from the northern Kazakh shield to the southern Tarim block. 
Between 2,000 and 3,000 m a . s. 1., ridges are separated by depressions either 
partially filled with glacial, fluvioglacial and alluvial deposits or occupi~d by 
lakes v (e.g. , Alma-Atijnskoe Ozero). The major rivers in this region, the Cylyk 
and Con-Kemin, flow respectively to the east and west and have their sources 
in the area between the Zailijskij Alatau and the Kjungej Ala-Too ranges. 

Soils, their forming factors and geochemical load along two transects were 
investigated between latitudes 42"10'N and 43"10'N and longitudes 76"45'E 
and 78"32'E . Soil sites are situated at altitudes ranging between m 2,000 and 
m 3,500 a . s. 1. 

Two different physiographic districts, located respectively south of the 
town of Alma-Ata and south of Pdeval'sk, were identified (Figures 2 and 3): 
- the Northern District (north of Lake Issyk-Kul) 
- the Eastern District (east of the lake). 

In the Northern District, to the south of Alma-Ata, the Quaternary loess 
cover and glaciofluvial deposits extend over large areas. The loess mantle is 
in places up to 20-30 m thick. Devonian granites and granodiorites constitute 
the near mountain chains (Ministry of Geology of SSSR 1983, Abdulin et a1. 
1984). Around Lake Alma-Atijnskoe, Ordovician gabbros and norites are 
associated with granites (Tibaldi et a1. 1997). 

Further south, having crossed the watershed, in the Kyrgyz Republic, 
several large faults mark a sharp lithological change from igneous formations 
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Fig. 3 - Cross sections A-B and C-D showing the location of soil profiles 

to sedimentary (mainly sandstones and conglomerates) and metamorphic 
(phyllites, slates, greenschists, amphibolites) ones. 

In the Eastern District, near PrZeval'sk, the Tertiary sedimentary 
formations dominate, while further south deep faults place them in spatial 
continuity with Precambrian and Palaeozoic igneous masses (granodiorites, 
granites, and gabbros) locally alternating with metamorphic, extrusive 
igneous and carbonate rocks. 
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3. Materials and Methods 

The field description of soil profiles and their environment was carried out 
following the F AO guidelines (2006). Soil colours were described according to 
the Munsell soil colour charts (2000). Laboratory analyses of soil samples 
were carried out in accordance with the procedures of Ministero delle 
Politiche Agricole e Forestali (2000). Soil samples were air-dried and passed 
through a stainless steel sieve to obtain the <2 mm fraction before analysis. 
Soil pH was measured in a water suspension using a soil:solution ratio of 
1:2.5. Particle size distribution (sand 2-0.050 mm, silt 0.050-0.002 mm, clay < 
0.002 mm) was determined by the pipet method after dispersion with sodium 
exametaphosphate. Organic carbon was determined using the Walkley-Black 
procedure. In addition, dry combustion in a furnace was used to determine 
organic matter contents in organic horizons. The cation exchange capacity 
(CEC) and exchangeable bases were determined using the BaC12-
triethanolamine pH 8.2 method and atomic absorption spectrometry. 
Carbonates were determined using the Dietrich-Fruhling calcimeter. Non
crystalline and poorly crystalline iron (Fe ox) and aluminium (Alox) were 
extracted through the acid ammonium oxalate method, and were used to 
calculate Alox+1I2 Feox (lUSS Working Group WRB, 2006), otherwise known 
as the "spodicity index" (SI). 

The so-called pseudototal forms of trace elements were determined 
following the Bettinelli et al. (2000) procedure. About 250 mg of sample were 
transferred into microwave vessels with 8 ml of aqua regia and placed into the 
microwave carousel. 

The heating program used in this digestion procedure is described in Table 
1. Mter digestion the solution was filtered and transferred into a 50 ml 
volumetric flask and brought to volume with milli-Q water. Trace elements in 
soil samples and blanks were analysed following the FAAS procedure. 

Soil classification was performed according to the World Reference Base for 
Soil Resources (lUSS Working Group WRB 2006). 

4. Results and Discussion 

4.1 Soils 

General information on investigated sites and the soil classification 
according to the World Reference Base for Soil Resources (lUSS Working 
Group WRB 2006) are reported in Table 2. The main chemical properties of 
soils are reported in Table 3. 

Survey data and laboratory results indicate that Quaternary soil forming 
processes similar to the melanization responsible for the development of modern 
steppe-chernozems are active even at very high elevations. Such processes seem 
Tab 1 _ Heating program for microwave to be most likely enhanced by the 
dige'stion presence of both loess-like aeolian 

covers and particular climatic 
conditions (Comolli et al. 2003, 
Previtali et al. 1997). 

Step 1 

Power (Watt) 250 
Hold time (min) 2 
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Tab. 2 - Soil profile location, environmental data and soil classification 

NORTHERN DISTRICT 

Profile Location Elevation Aspect Slope Classification Parent material 
rna. s. L (%) (WRB 2006) 

No.1 Ak-Su Stream 3,140 E 3-4 Haplic Regosol Bouldery, pebbly 
42'53'N (Eutric, Gelic) and loamy 
77'05'E diamicton over 

schist debris 

No.2 Cong-Kemin River 2,9S0 360' Level Haplic Phaeozem Alluvial deposit, 
42'54'N (Silty) buried by aeolian 
77'03'E material 

No.3 Prahodnaia 2,160 W SO-100 Haplic Cambisol Igneous rock 
Stream (Eutric) debris and 
43'03'N diamicton 
76'55'E 

EASTERN DISTRICT 

No.4 South ofPrzeval'sk, 2,755 SE SO Phaeozem Granite and marble 
Karakol Stream (Skeletic, Arenic) talus deposit 
42'19'N 
7S'26'E 

No.5 South of Przeval'sk, 2,S50 N 70 Haplic Phaeozem Slate debris of 
Karakol Stream (Pachic, alluvial fan, buried 
42' 19'N Episkeletic) by aeolian silt 
7S'27'E 

No.6 South of PrZeval'sk, 3,455 NE 40 Mollic Leptosol Silty loam 
Kol-Ter Stream (Humic, Gelic) colluvial mudflow 
42'I7'N over solid granite, 
7S'31'E buried by aeolian 

silt 

No.7 South of PrZeval'sk, 3,600 SSE 10 HapHc Regosol Bouldery sandy 
Uyun-Ter Stream (Eutric, Gelic) loam ancient 
42'13'N diamicton, buried by 
7S'30'E aeolian silt 

No.S South of Przeval'sk, 3,600 NW 15 Haplic Regosol Recent bouldery 
Uyun-Ter Stream (Eutric, Gelic) diamicton 
42'14'N 
7S'31'E 

No.9 South of Przeval'sk, 2,450 360' Level Gleyic Mollic Alluvial deposits 
Karakol Stream Fluvisol (Humic, 
42'19'N Endoskeletic) 
7S'29'E 

No. 10 South ofPrzeval'sk, 2,470 W SO Haplic Regosol Crystalline schists 
Karakol Stream (Humic, Eutric) and serpentinites 
42'19'N talus deposit 
7S'2S'E 

No. 11 South of Przeval'sk, 2,695 E 70 Haplic Cambisol Crystalline rocks 
Karakol Stream (Humic, Eutric) talus deposit 
42'19'N 
7S'27'E 
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Tab. 3 - Main chemical properties of soils 

NORTHERN DISTRICT 

Profile Horizon Depth Colour pH CaCO, Org.C O.M. CEC Spodi-cit) Particle size distribution 
(em) (moist) (H2O) (%) (%) (%) (emol' Index 

kg-'soil) (%) sand silt clay 
(%) (%) (%) 

No.1 Ah 0-10 10YR 6.5 0.0 6.6 37.8 0.62 28 63 9 
'lJ2 

BA 10-40 10YR 6.6 0.0 2.8 35.6 0.71 21 65 14 
3/3 

CIR 40-50+ 

No.2 A 0-20 10YR 6.0 0.0 3.8 47.0 0.75 19 57 24 
3/2 

AC 20-60 10YR 6.4 0.0 1.2 39.1 0.62 26 59 15 
3/3 

2C 60-80+ 

No.3 Oe ~ 10YR 
'lJ1 

Ah 0-10115 10YR 5,7 0.0 4.8 27.8 0.34 47 38 15 
3/2 

BA 10/15- 10YR 5.9 0.0 0.7. 9.1 0.21 40 22 8 
25/30 313 

C 25/30-50 0.0 

EASTERN DISTRICT 

No.4 Ah1 0-9 10YR 5.9 0.5 12.5 63.8 0.31 63 31 6 
'lJ2 

Ah2 9-15 10YR 6.0 0.0 9.2 56.5 0.38 53 38 9 
'lJ2 

2A 15-38 10YR 5.9 0.2 2.1 30.9 0.35 26 55 19 
312 

2Bw 38-58 10YR 5.8 0.7 0.6 19.6 0.20 59 29 12 
4/3.5 

2CB 58-75+ 10YR 5.3 0.9 0.4 20.8 0.17 39 43 18 
5/3 

No.5 Oi O.~ 
Oe 0-3 10YR 5.5 0.6 65.3 0.27 

312 
Oa 3-6 10YR 5.4 1.4 50.3 0.42 

'lJ2 
Ah1 6-12 10YR 5.7 0.6 13.6 74.0 0.42 14 75 11 

'lJ2 
2Ah2 12-40 10YR 6.5 0.9 6.6 50.4 0.25 50 45 5 

312 
2AC 40-55 10YR 7.2 0.1 2.1 15.7 

313 
2C 55-75+ 10YR 

4/2 

No.6 Oi o.~ 
Oa 0-2 10YR 5.8 0.8 51.2 0.27 

'lJ2 
Ah 2-4 10YR 5.5 0.0 8.0 41.1 33 62 5 

313 
AB 4-24 10YR 5.2 0.0 2.6 26.2 0.41 19 72 9 

3.5/3 
2R 24-45+ 

No.7 Oi O.~ 
Oa 0-3 10YR 6.1 0.6 68.1 0.13 

'lJ2 
Ah 3-6 10YR 5.7 0.0 13.4 67.5 62 36 2 

2.5/2 

258 



Tab. 3 - Main chemical properties of soils 

Profile Horizon Depth Colour pH CaCO, Org. C O.M. CEC Spodi·cit Particle size distribution 
(em) (moist) (HP) (%) (%) (%) (emol' Index 

kg-' soil) (%) sand silt clay 
(%) (%) (%) 

2A S--9 lOYR 5.6 1.1 6.1 48.4 0.47 33 63 4 
3/2 

3CB 9-20 1Y 5.9 0.0 1.0 9.4 0.20 68 28 4 
4/5 

3C 20--60+ 2.5Y 6.6 0.3 0.5 9.3 0.18 70 25 5 
4.5/3 

No.8 Oi 0.5-0 
OalOe 0-2 10YR 5.7 0.0 47.2 

2/2 
A 2-<i 10YR 5.1 0.3 5.6 29.9 0.34 63 34 3 

3/3 
CA S--19 2.5Y 5.6 1.0 1.8 9.4 0.14 72 35 3 

4/4 
C 19-45+ 5Y 5.9 0.0 0.4 5.6 0.09 76 20 4 

4/1 

No.9 Ap 0-8 10YR 7.1 0.3 6.1 27.4 
3/1 

C 8-45 2.5Y 7.5 1.7 1.4 14.0 0.13 42 50 8 
4/2 

Cg 45-55 5Y 7.2 1.2 1.2 10.4 0.07 29 66 5 
4/1 

2Cg2 55-<i5+ 10YR 7.2 0.1 0.4 7.8 0.18 43 51 6 
4/5 

No. 10 Oi 2-0 
Oe 0-5 10YR 5.0 1.4 52.1 0.33 

2/1 
Ah 5-21 10YR 4.5 0.6 6.4 49.1 0.40 40 45 15 

3/3 
CA 21-<i5+ 2.5Y 5.8 0.0 1.5 17.6 0.15 62 25 13 

4/4 

No. 11 Oi 2-0 
Oe 0-2 10YR 6.0 0.0 45.0 

211 
A 2-7 10YR 5.7 0.0 13.6 72.9 0.24 31 55 14 

3/2 
AB 7-16 10YR 5.4 0.5 2.4 30.5 0.30 49 37 14 

3/3 
Bw 1S--60 10YR 5.8 0.2 2.1 33.7 0.37 45 40 15 

4/4 

do not meet the diagnostic requirements of the different taxonomic systems 
for typical spodic (podzolic) B horizons. Only in the Northern District, profiles 
No.1 and 2 show a marked increase in non-crystalline and poorly crystalline 
iron (Feox) and aluminium (Alox) with depth, probably as a result of the more 
abundant rainfall in the area. 

4.2 Trace Elements 

In order to assess the geochemical content of each individual soil sample and 
its possible contamination, values must be referred to average values, to the 
parent material background and to thresholds. Unfortunately, the mean and 
range concentrations of trace elements in soils proposed in the literature are 
significantly divergent (Allaway 1968; Kabata-Pendias, Pendias 1984, 2001; 

259 



Tab. 4 - Reports concentrations of six trace elements in Northern and Eastern district soil 
profiles 

NORTHERN DISTRICT 

Profile Horizon Depth Cu Cr Pb Zn Cd Ni 
(em) mgkg-I mgkg-I mgkg-I mgkg-I mg kg-I mgkg-I 

No.1 Ah 0-10 59.2 40.8 159.2 116.3 0.51 34.7 
BA 10-40 66.3 44.2 70.3 128.5 0.46 40.2 
CIR 40-50+ 

No.2 A 0-20 90.9 122.5 59.3 90.9 0.04 112.7 
AC 20-60 95.7 222.7 56.6 87.9 b.d.I. 197.3 
2C 60-80+ 

No.3 Oe 5-0 
Ah 0-10115 39.5 27.7 33.6 63.2 0.14 25.7 
BA 10/15-25/30 40.0 18.0 32.0 54.0 0.02 20.0 
C 25/30-50+ 

EASTERN DISTRICT 

No.4 Ah1 0-9 47.0 48.8 38.3 95.8 0.16 29.6 
Ah2 9-15 51.4 67.2 41.5 88.9 0.16 33.6 
2A 15-38 57.5 65.5 41.7 87.3 0.16 37.7 

2Bw 38-58 36.3 54.4 36.3 96.8 0.01 30.2 
2CB 58-75+ 47.4 59.3 35.6 98.8 0.02 35.6 

No.5 Oi 0.5-0 
Oe 0-3 40.0 38.0 34.0 106.0 0.60 18.0 
Oa 3-S 42.2 46.2 32.1 84.3 0.22 24.1 

Ah1 6-12 49.2 53.1 39.4 65.0 0.08 25.6 
2Ah2 12-40 59.4 57.5 40.2 63.2 0.04 34.5 
2AC 40-55 
2C 55-75+ 

No.6 Oi 0.5-0 
Oa 0-2 52.0 50.0 44.0 108.0 0.40 28.0 
Ah 2-4 
AB 4-24 64.0 52.0 44.0 82.0 0.02 36.0 
2R 24-45+ 

No.7 Oi 0.5-0 
Oa 0-3 22.4 13.3 20.4 41.8 0.15 8.2 
Ah 3-S 
2A 6-9 42.0 60.0 54.0 70.0 0.08 22.0 

3CB 9-20 66.1 81.7 33.1 83.7 0.06 40.9 
3C 20-60+ 82.3 74.3 52.2 80.3 0.20 40.2 

No.8 Oi 0.5-0 
Oa/Oe 0-2 

A 2-S 48.2 88.4 36.1 74.3 b.d.I. 42.2 
CA 6-19 88.4 100.4 24.1 62.2 b.d.I. 42.2 
C 19-45+ 101.5 92.0 26.8 44.1 b.d.I. 40.2 

No.9 Ap 0-8 
C 8-45 73.4 85.3 35.7 59.5 0.04 41.7 

Cg 45-55 84.0 74.0 34.0 64.0 0.08 46.0 
2Cg2 55-S5+ 58.7 62.5 26.5 47.3 0.04 32.2 

No. 10 Oi 2-0 
Oe 0-5 43.1 27.5 49.0 58.8 0.22 19.6 
Ah 5-21 56.0 54.1 54.1 67.6 0.10 25.1 
CA 21-S5+ 88.5 51.9 65.4 65.4 0.02 25.0 

No. 11 Oi 2-0 
Oe 0-2 
A 2-7 43.3 53.1 39.4 84.6 0.18 23.6 

AB 7-16 61.1 61.1 43.9 78.2 0.17 36.3 
Bw 16-S0 55.8 78.8 38.5 92.3 0.04 40.4 
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Gladney, Burns1985; Canepa et al. 1994; Baize 1997; Helmke 2000). Another 
factor of uncertainty is the lack of information in many papers on the form of 
occurrence of the trace elements in question: total, available, mobile, etc. 

Moreover, data on relative mobilities through soil profiles are sometimes 
discordant, particularly those for Cu and Ni (Brooks 1983; Kabata-Pendias, 
Pendias 1984, 2001; Fujikawa et al. 2000). Only Pb and Cr are generally 
agreed to have very low mobility in the acid conditions of a supergene 
environment. Moreover, sampling and laboratory extraction methods greatly 
influence and complicate the interpretation of results (Tobias et al. 1997). 

In addition, note that it is very difficult to establish geochemical 
background levels in periglacial environments, where the bedrock is covered 
with till, loess, fluvioglacial and fluvial deposits, and where soils have a 
cumulative character (Birkeland 1999). In such environments it is 
meaningless to consider trace element contents in the bedrock as background 
values. Moreover, neither the present depth of the bedrock nor the possible 
effects of past or active weathering and pedogenesis in the study area are well 
known. In recently active mountain ranges which experienced Alpine 
orogenesis, the products of intense physical weathering and continuous slope 
degradation overlap with debris flow, creep, cryoclastism and freeze-thaw 
processes, etc. Such processes may mask heavy metal translocation in soil 
profiles. Lastly, aeolian silt partly covers some soil parent materials. 

For all these reasons, the present work adopted world soil average 
elemental contents as background and reference values (Tab. 4). 

In the Northern District, Cd concentrations are low in all profiles except 
profile No.1, where it is slightly over the world mean value. Cr is particularly 
abundant in profile No.2, which also has high Ni and Cu concentrations. 
These high values testify to the genetic diversity of the parent materials of 
profile No.2 with respect to the parent materials of other profiles in the 
district. Moreover, the different values within the same profile also highlight 
the internal genetic diversity between the two materials themselves. In short, 
profile No.2, developed in a loess-like material which covered alluvial 
deposits, stands out from the others for its higher Cr, Cu, and Ni contents. 

As for Pb, since this element has a very low mobility, its position in a profile 
can effectively indicate its atmospheric or lithological origin. In profile No.1, 
the higher Pb contents and the fair amounts of Zn and Cd in the surface 
horizons indicate that these elements probably derived from an atmospheric 
source. 

Cd shows an irregular distribution in all Eastern District soil profiles; it 
exceeds the world mean value only in the surface horizon of profile No.5. Cr 
slightly increases with depth at all sites and has a very low mobility; it was 
likely inherited from the parent materials. 

Ni and Cu, generally known to be easily mobilized during weathering, are 
nearly constantly present in high quantities at depth. 

Since Zn is quite mobile, its high concentrations in the surface horizons of 
profiles No.4, 5, 6 and 8 suggest the local contribution of atmospheric fallout. 

Lastly, the so-called reference A-values (target values) and C-values 
(intervention values), calculated on the weighted average of whole profiles, 
were compared (Fig. 4) to trace element contents in the soils of the two 
districts following the procedure of the Dutch National Institute of Public 
Health and Environmental Protection (1991). This system of risk evaluation 
adequately takes into account the actual clay and organic matter content in 
soil, since these components are able to inactivate contaminants. 
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Fig, 4 - Weighted averages of trace element contents in whole profiles of investigated soils 
compared with the average world soil elemental concentrations (Logan 2000) and with the 
Target (A) and Intervention (C) values calculated according to the procedure of the Dutch 
National Institute of Public Health and Environmental Protection (1991) 

Cd, Pb and Zn concentrations are commonly within the limits of the A 
value, while Cu contents were everywhere above the A value. Cr and Ni 
concentrations were particularly high in profile No.2. When referred to the C 
values, Pb, Cr, Cd and Zn concentrations were everywhere well below values 
of ecotoxicological risk. Ni reaches the C threshold of 168 mg kg-l in profile 
No.2, and Cu the threshold of 90 mg kg-l in site No.8. 
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Principal Components 
Analysis (PCA) applied 
to the main soil 
parameters (Fig. 5) 
highlighted two groups 
of variables: Cr, Cu and 
Ni are linked to pH, 
whereas Cd, Pb and Zn 
are linked to S1. These 
relationships were also 
confirmed by the high 
statistical correlation 
between the variables. 

It is highly meaning
ful (p<0.005) the correla
tion (Fig. 6) between Pb, 
Zn and the S1. These 
elements were concen
trated likely in chelate 
forms, within the illuvial 
horizons with higher sr, 
as well as frequently 
mentioned in literature 
(Sartori et al. 2002). PCA 
applied to soil profiles 
(Fig. 7) shows that the 
soils of the Eastern 
District (Profiles No. 4 
up to 11) are quite simi
lar among themselves, 
whereas the soils of the 
Northern one are rather 
unlike, probably because 
more influenced by the 
geochemical variability 
of the parent material. 

5. Conclusions 

The first part of this 
paper showed how 
melanization prevails 
over podzolization in the 
surveyed region. 

Fig. 6 - Correlation between Pb-Zn and the Spodicity Index Although the lithological 
characteristics of many 

acidic rocks, climate conditions and even altitude apparently favour the latter 
process, aeolian contributions in the Holocene and Pleistocene seem to have 
left on soils important marks of steppe pedoenvironments. 

The second part examined trace elements contents and their ecotoxicity 
thresholds. Contents in the examined soils, as weighted averages in all the 

263 



5 

4 

3 

2 

'# 
I.() 

(") 
(") 

N 0 
~ 

~ 
(IJ -1 LL 

-2 

-3 

-4 

-5 
-4 

8 
o 9 

o 

2 
o 

-- - ---- --- ------------ --~g --t---------------------------------

-3 

3 10 0 4 
o 50 0 

o 

-2 -1 o 2 3 

Factor 1 39.40% 

1 
o 

4 5 6 

Fig. 7 - PCA for soil profiles. Weighted averages of pH, organic carbon, SI, Cd, Cu, Cr, Ni, 
Pb and Zn were calculated for soil depths of 0-30 cm 

horizons of each profile, were compared to average contents in world soils. 
Results were as follows: 

Cr concentrations were everywhere around equal to the world average, 
except in profile No.2, where Ni is also very abundant 
Pb was almost everywhere slightly above the world average, with small 
deviations 
Cu was fairly higher than the world mean value 
Zn was almost equal to the world average, with very small variations 
Ni was everywhere below the world average, except in profile No. 2, where 
the Cr content was also very high 
Cd was generally scarce, except in one sample where it was slightly above 
average. 
Possible values in excess of target A-values and intervention C-values 

established by the Dutch National Institute of Public Health and 
Environmental Protection (1991) were then examined. The thresholds were 
calculated taking into consideration clay and organic matter contents in the 
examined soil. Results show that Cr is everywhere much lower than 
intervention C-values, Cu contents range between A and C-values, Pb and 
Cd contents are generally lower than A-values, and Zn concentrations 
oscillate above and below A-values, as do Ni contents (except in profile 
No.2). 
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Based on trace elements contents, we conclude that the investigated soils 
generally show no significant contamination. The higher metal 
concentrations in soil profile No. 2 (developed from aeolian silt covering 
alluvial deposits) are probably due to contributions from distant areas which 
cannot be identified on the basis of collected data. This presumption is based 
on location of soil profile No.2 in relation to the walley orientation and 
dominant wind direction and demands additional sampling in order to prove 
it. 
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Shrnuti 

STOPOvE PRVKY V p(mACH V SEVERN! A CENTRALN! CASTI POHOld TIAN
SHAN (KAZACHSTAN - KYRGYSTAN) 

V ramci dvou vzajemne navazujicich expedici byly zkoumanx pudy v oblasti severoza
padne a jihovjchodne od jezera Issyk-Kul v centralnim Tjan-Sanu (Kazachstan a Kyr
gystan). Pudy byly sledovany podel dvou transektu zahrnujicich rozmezi nadmorskych vj
sek 2 000 az 3 500 m. Souvislosti mezi pudami, klimatickYffii podminkami, vegetaci a reli
efem byly predmetem predchozich praci, tato je zamerena na posouzeni obsahu stopovjch 
prvku v pude jako indikatoru mozne kontaminace pud ve vysokych nadmorskych vjskach. 
Ta je zpravidla dusledkem jejich dalkoveho atmosferickeho prenosu. 

Terenni popis pudnich profilu ajejich polohy byl proveden podle smernic FAO, barva pu
dy urcena pomoci Munsellovy barevne skaly a typologicka klasifikace podle WRBS. Ode
brane pudni vzorky byly analyzovany v souladu s metodickYmi postupy italskeho Minister
stva pro zemedelskou a lesnickou politiku. Po uprave na jemnozem 2 mm byly ve vzorcich 
stanoveny pHlH20, Corg., kationtova vjmenna kapacita (CEC), obsah karbonatu, Feox a 
Alox k yYpoctu indexu spodicity - SI (Alox+1I2Feo x). Pipetovaci metodou byla urcena zr
nitost. Tzv. pseudototalni formy stopovjch prvku Cd, Cr, Cu, Zn, Pb aNi byly stanoveny ve 
vjluhu lucavky kralovske podle postupu Bettinelliho metodou FAAS. 

Polohu, environmentalni data a pudne typologickou klasifikaci sledovanych profilu uva
di tabulka 2, zakladni chemicke vlastnosti pud jsou uvedena v tabulce 3. Ziskana data a la
boratorni vjsledky ukazuji, ze kvarterni procesy tvorby pud podobne melanizaci, zodpo
vedne za vznik soucasnych stepnich cernozemi, jsou aktivni i ve velmi vysokych nadmor
skych vj1§kach. Tyto procesy pravdepodobne podporuje pntomnost spra1§im podobneho 
eolickeho prekryvu a specifickych klimatickych podminek. 

V obou sledovanych oblastech nesplnuji hOrizonty B diagnosticka kriteria ruznych taxo
nOmickych systemu pro typicke spodicke (podzolove) B horizonty. Pouze v oblasti severne 
od jezera Issyk-Kul vykazuji profily c. 1 a 2 s hloubkou stoupajici obsah Feox a Alox, prav
depodobne jako dusledek vys1§ich srazek v tomto uzemi. 

Geochemicke hodnoceni jednotlivjch pudnich vzorku a odhad jejich mozne kontaminace 
vyzaduje porovnani s prUmernYmi hodnotami, pozadim vjchoziho materialu a prahovjmi 
obsahy. Vzhledem ke skutecnosti, ze literarni udaje jak 0 koncentracich stopovjch prvku, 
tak jejich formach a mobilite v ramci pudnich profilu se casto lisi, interpretace vjsledku je 
take wazne ovlivnovana ruznYm zpusobem vzorkovani a metodami laboratorni extrakce 
a navic je velmi obtizne urcit geochemicke pozadi v periglacialnich podminkach, kde je pod
klad prekryt jilem, spra1§i, fluvioglacialnimi a fluvialnimi sedimenty a kde maji pudy ku
mulativni charakter, byly v teto praci jako pozadi a referencni hodnoty pouzity prUmerne 
obsahy prvku v pudach sveta (obr. 4). Koncentrace 6 sledovanych stopovjch prvku v pudach 
zajmoveho uzemi uvadi zvia1§t pro oblast severni a vjchodni tabulka 4. 

V severni casti byly koncentrace Cd nizke ve vsech profilech s vY,iimkou profilu C. 1, kde 
mime prevysuji svetovj prumer. U profilu C. 2 vyvinuteho ze spra1§oveho substratu prekry
teho alluvialnimi sedimenty byla zaznamenana zvjsena koncentrace Cr, Ni a Cu. 

U Pb lze, vzhledem k velmi nizke mobilite, usuzovat z distribuce tohoto prvku v ramci 
profilu na jeho atmosfericky nebo litologicky puvod. V profilu C. 1, indikuje vy1§1§i obsah Pb 
a obsah Zn a Cd v povrchovjch horizontech pravdepodobny atmosfericky zdroj. 
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Cd vykazuje ve vsech profilech rychodni oblasti nepravidelnou distribuci; svetory pnl
mer presahuje pouze v povrchovem horizontu profilu c. 5. Obsah Cr se mirne zvysuje s 
hloubkou a na vsech lokalitach vykazuje velmi nizkou mobilitu, lze tedy usuzovat na jeho 
geogenni puvod. Ni a Cu, ktere jsou vseobecne pokladany za prvky lehce uvolnitelne v pro
cesu zvetravani, jsou temer konstantne pntomny ve vyssim mnozstvi v hloubeji polozenych 
horizontech. Jelikoz Zn je vcelku mobilnim prvkem, je jeho vyssi koncentrace v povrchorych 
horizontech profilu 4, 5, 6 a 8 pncitana atmosferickemu spadu. 

Vazene pnlmery obsahu stoporych prvku v celych sledovanych profilech byly porovnany 
s pnlmerem koncentrace techto prvku v pudach sveta a s tzv. referencnimi hodnotami A 
(target values) a C (intervention values) vypoctenYmi podle metody nizozemskeho Narod
niho ustavu pro zdravi a ochranu zivotniho prostredi. Tento system hodnoceni rizika bere 
v uvahu i aktualni obsah jilu a organicke hmoty v pudach, jako slozek schopnych inaktivo
vat kontaminanty (obr. 4). 

Existuje vysoce ryznamna korelace mezi obsahem Pb, Zn a indexem spodicity SI (obr. 6). 
Tyto prvky jsou v illuvialnich horizontech s vysokYm SI koncentrovany pravdepodobne 
v chelatorych formach. 

Pudy rychodni oblasti vykazuji mensi variabilitu nez pudy severni oblasti, coz je s nej
vetsi pravdepodobnosti zpusobeno geochemickou variabilitou rychoziho materialu (obr. 7). 

V prvni casti textuje poukazano na prevahu melanizace nad podzolizaci ve sledovane ob
lasti, ackoli litologicke charakteristiky mnoha kyselych hornin, klima a nadmorska ryska 
zjevne uprednostnuji druhy z uvedenych procesu. Duvodem je pntomnost holocennich 
a pleistocennich eolickych sedimentU. 

Druha cast se zabfya obsahem stoporych prvku ajejich ekotoxicitou. Obsah ve sledova
nych pudach byl jako vazeny prumer vsech horizontu kazdeho profilu porovnan s pnlmer
nYm obsahem v pudach sveta s nasledujicimi rysledky: 

koncentrace Cr se ve vsech pnpadech temer rovnala svetovemu pnlmeru s vf.jimkou pro
filu 2, ktery vykazoval take vyssi obsah Ni 
obsah Pb byl temer vzdy mirne nad svetovYm pnlmerem 
obsah Cu byl 0 dost vyssi nez svetory pnlmer 
koncentrace Zn bylatemer rovna svetovemu pnlmeru, s velmi malou variabilitou 
obsah Ni byl vzdy pod urovni svetoveho pnlmeru s vf.jimkou profilu c. 2, kde byl stejne 
jako obsah Zn velmi vysoky 
pntomnost Cd byla obecne velmi vzacna, s vf.jimkou jednoho vzorku, kde byla lehce nad 
prumerem. 
Z porovnani s hodnotami A (target values) a C (intervention values) vyplfya, ze obsah 

Cr byl ve vsech pnpadech mnohem nizsi nez hodnoty C, obsah Cu se pohyboval mezi hod
notami A a C, obsah Pb a Cd byl nizsi nez hodnoty A a koncentrace Zn oscilovala nad a pod 
hodnotami A, stejne jako obsah Ni (s vf.jimkou profilu c. 2). 

Na zaklade obsahu stoporych prvku vyvozujeme, ze sledovane pudy vcelku nevykazuji 
vjraznou kontaminaci. Vyssi obsah kovU v profilu c. 2 (vyvinutem na eolickem prachu pre
krytem alluvialnimi sedimenty) je pravdepodobne dusledkem dalkoveho prenosu a nelze ho 
identifikovat na zaklade ziskanych dat. 
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Obr. 1 - Geograficka lokalizace zajmoveho uzemi 
Obr. 2 - Hlavni pohofi a reky zajmoveho uzemf. A-B a C-D jsou smery transektu 
Obr. 3 - Prieny rez v profilech A-B a C-D znazornujici umisteni pudnich profilu 
Obr. 4 - Vazene prumery obsahu stoporych prvku v profilech sledovanych pud porovnane s 

prumernymi koncentracemi prvku v pudach sveta (Logan 2000) a s hodnotami ci
lorych limitu (A) a intervenenich limitu (C) podle metody Nizozemskeho narodni
ho ustavu pro zdravi a zivotni prostredi 

Obr. 5 -PCA promennych pudniho profilu (vazene prumery v hloubce 0-30 cm). Spod-Ind. 
- Spodicity Index (SI), C - Organicky uhlik 

Obr. 6 - Korelace mezi Pb-Zn a spodicity indexem 
Obr. 7 -PCA pro pudni profily. Vazene prumery pro pH, Cox, SI, Cd, Cu, Cr, Ni, Pb a Zn v 

hloubce 0-30 cm 
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