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Abstract. This work compares the trace elements contents in soils belonging to two altitudinal sequences, developed through  the central and the northern mountain chain of Tjan-Šan, in order to verify their accumulation degree and possible toxicity. The soil sites are located partially in Kazakhstan and partially in Kyrgyzstan. The laboratory analyses were focused on the pseudototal forms of 6 trace elements: i.e. Cd, Cr, Cu, Zn, Pb, and Ni. Afterwards, the relations among trace elements and some pedogenetic parameters, such as organic carbon content, pH, texture, podzolization index, and so on were investigated. Finally, some evaluations on origin and ecotoxicological dangerousness of the detected elements are expressed.
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1. Introduction

The trace elements are essentially the metallic elements (arsenic excepted) contained in soils in amounts < 0.1 % (with the exception of iron and manganese, that are present in soils in higher quantities). The origin of such elements is mainly natural, as for that ones arising out of weathering of minerals and rocks of the Earth’s crust, but partially they are also anthopogenic, when released from the human activities. In fact, a number of hazardous inorganic elements have been emitted into atmospheric, terrestrial and aquatic environments as a result of such recent human activities as mining, smelting, manufacturing, municipal and industrial waste disposal and fossil fuel combustion (Fujikawa et al., 2000). 
The high level of trace elements in soil can inhibit the normal growth of plants. Their influence on the plant development depends on their concentration and speciation, as well as on the different physical and chemical soil parameters, such as texture, organic matter, pH, redox potential, and so on.           
In the present work the pseudototal forms of the trace elements were extracted from soil samples taken in Kazakhstan and in Kyrgyzstan, along two altitudinal senquences formerly described and analyzed (Comolli et al., 2003). the relations among soil forming processes, geomorphology, lithology and vegetation cover were examined. For this purpose, along the two pedosequences, the soil horizons of 11 sites among the most representative pedoenvironments recognised, have been described, sampled, analysed, interpreted, and classified. The results in this paper showed that, even at very high elevations, pedological processes, similar to those responsible for the development of steppe chernozems, proved to be active. This is probably due also to the presence of aeolian silt covers, deposited in recent and in the past.

For elements in traces (term sometimes used as a synonym of heavy metals)…. 

In this work, some soils and landforms have been investigated in the territory between Kazakhstan and Kyrgyzstan, in the central chains of Tjan-Šan, Northwest and East-South-East of the Issyk-Kul Lake (fig. 1).
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Figure 1: Geographic Location of the studied area.

2. Geography, Geology and Geomorphology
The Tjan-Šan mountain belt extends for about 2,500 km from the Syrdarja river basin, in the west, to the Gobi desert, in the east. Several parallel mountain systems, E-W oriented, with elevations frequently exceeding 5,000 m, mark the range. The mountain system, from the northern Kazakh shield to the southern Tarim block, is about 600 km wide. Between 2,000 and 3,000 m a.s.l., some depressions, partially filled with glacial, fluvioglacial, and  alluvial deposits, or occupied by lakes (e.g., Alma-Atijnskoe Ozero), separate the ridges. Between the Zailijskij Alatau and the Kjungej Ala-Too ranges, the main rivers of the region, Čylyk and Čon-Kemin rivers, respectively flowing towards east and west, have their sources. 

Between latitudes 42°10’N and 43°10’N, and between longitudes 76°45’E and 78°32’E, the soils, their forming factors, and their geochemical load along two transects have been investigated. The soil sites are situated at altitudes ranging between m 2,000 and m 3,500 a.s.l.

Two different physiographic districts, respectively located south of the town of Alma-Ata and south of Prževal’sk, have been recognized (fig. 2, fig. 3):

- the Northern District (North of the Issyk-Kul Lake)

- the Eastern District (East of the Lake).
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Figure 2: Main mountain ranges and rivers of the investigated area; A-B and C-D are the transect directions.
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Cross sections: A-B and C-D showing the location of the soil profiles.





Figure 3: Cross section A-B and C-D showing the location of the soil profiles.

In the Northern District, south from Alma-Ata, the Quaternary loess cover and the glaciofluvial deposits extend over large areas. The loess mantle somewhere shows a thickness up to 20-30 m. Devonian granites and granodiorites constitute the near mountain relieves (Ministry of Geology of SSSR, 1983; Abdulin et al., 1984). Around the Alma-Atijnskoe Lake, Ordovician gabbros and norites aggregate to the granites (Tibaldi et al., 1997).

Further south, crossed the watershed, in the Kyrgyz country, several great faults mark a sharp lithological change from igneous formations to sedimentary (mainly sandstones and conglomerates) and metamorphic (phyllites, slates, greenschists, amphibolites) ones. 

In the Eastern District, near Prževal’sk, the Tertiary sedimentary formations dominate, while, more to the south, some 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.

3. Materials and Methods

After a general soil survey of the area, about 40 soil samples were taken from the most representative profiles
The field description of the soil profiles and their environment were made according to the FAO guidelines (FAO, 1990). Soil colours were noted according to the Munsell Soil Colour Charts (2000). The laboratory analyses on soils samples were carried out according to 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 analyses. Soil pH was measured in a water suspension using 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 by Walkley-Black procedure. In addition the furnace dry combustion was used for organic matter determination in organic horizons. Cation exchange capacity (CEC) and exchangeable bases were determined by BaCl2-triethanolamine pH 8.2 method and atomic absorption spectrometry. Carbonates were determined by Dietrich-Frühling calcimeter. The non-crystalline and poorly crystalline iron (Feox) and aluminium (Alox) were extracted by acid ammonium oxalate method, and were used to calculate the value of Alox + ½  Feox (FAO, ISRIC & ISSS, 1998), furtherly indicated as “spodicity index” (SI).

The so-called pseudototal forms of the trace elements were determined according to 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 using in this digestion is described in table 1. After digestion the solution was filtered and transferred into a 50 ml volumetric flask and brought to volume with milli-Q water. The trace elements in the soil samples and the blanks were analysed with FAAS procedure.

	Step
	1
	2
	3

	Power (Watt)
	250
	400
	500

	Hold time (min)
	2
	2
	10


Table 1: Heating program for microwave digestion.

4. Results and Discussion

4.1. Soils
The data concerning the investigated sites are reported in table 2 and the main  chemical properties of soils in table 3. In table 2 is also reported the soil classification according to the World Reference Base for Soil Resources (FAO, ISRIC & ISSS, 1994, 1998).

	NORTHERN DISTRICT

	Profile 
	Location
	Elevation

m a.s.l.
	Aspect
	Slope 
	Classification
	Parent material

	No.1
	Ak-Su stream

42°53’N 77°05’E


	3.140
	E
	3-4%
	Leptic Regosol (Eutric, Gelic)
	Bouldery, pebbly and loamy diamicton over schist debris.

	No.2
	Čong-Kemin river

42°54’N 77°03’E
	2.980
	 
	Level
	Haplic Phaeozem (Siltic)
	Alluvial deposit, buried by aeolian material.

	No.3
	Prahodnaia stream

43°03’N 76°55’E
	2.160
	W
	80-100%
	Haplic Cambisol (Epieutric)
	Igneous rock debris and diamicton. 

	EASTERN DISTRICT

	No.4
	South of Prževal’sk, Karakol stream

42°19’N 78°26’E
	2.755
	SE
	80%
	Haplic Phaeozem (Skeletic)
	Granite and marble talus deposit.

	No.5
	South of Prževal’sk, Karakol stream

42°19’N 78°27’E
	2.850
	N
	70%
	Haplic Phaeozem (Pachic, Episkeletic, Siltic)
	Slate debris of alluvial fan, buried by aeolian silt.

	No.6
	South of Prževal’sk, Kol-Ter stream

42°17’N 78°31’E
	3.455
	NE
	40%
	Mollic Leptosol
(Humic)
	Silty loam colluvial mudflow over solid granite, buried by aeolian silt.

	No.7
	South of Prževal’sk, Uyun-Ter stream

42°13’N 78°30’E
	3.600
	SSE
	10%
	Haplic Regosol (Eutric, Skeletic)
	Bouldery sandy loam ancient diamicton, buried by aeolian silt.

	No.8
	South of Prževal’sk, Uyun-Ter stream

42°14’N 78°31’E
	3.600
	NW
	15%
	Haplic Regosol (Eutric, Skeletic)
	Recent bouldery diamicton.

	No.9
	South of Prževal’sk, Karakol stream

42°19’N 78°29’E
	2.450
	 
	Level
	Gleyic Fluvisol (Humic, Eutric) 
	Alluvial deposits.

	No.10
	South of Prževal’sk, Karakol stream

42°19’N 78°28’E
	2.470
	W
	80%
	Colluvic

Regosol (Humic, Eutric)
	Crystalline schists and serpentinites talus deposit.

	No.11
	South of Prževal’sk, Karakol stream

42°19’N 78°27’E
	2.695
	E
	70%
	Haplic

Cambisol (Eutric, Skeletic)
	Crystalline rocks talus deposit


Table 2: Soil profiles location, environmental data and soil classification.

	NORTHERN DISTRICT

	Profile 

 
	Horizon

 
	Depth 

(cm)
	Colour

(moist)
	pH

(H2O)
	CaCO3
(%)
	Org. C

(%) 
	O. M.

(%)
	CEC

(cmol+ kg-1 soil)
	Spodi-city Index

(%)
	Particle size distribution

	
	
	
	
	
	
	
	
	
	
	sand (%)
	silt (%)
	clay (%)

	No.1
	Ah
	0-10
	10YR 2/2
	6,5
	0,0
	6,6
	 
	37,8
	0,62
	28
	63
	9

	 
	BA
	10-40
	10YR 3/3
	6,6
	0,0
	2,8
	 
	35,6
	0,71
	21
	65
	14

	 
	C/R
	40-50+
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	No.2
	A
	0-20
	10YR 3/2
	6,0
	0,0
	3,8
	 
	47,0
	0,75
	19
	57
	24

	 
	AC
	20-60
	10YR 3/3
	6,4
	0,0
	1,2
	 
	39,1
	0,62
	26
	59
	15

	 
	2C
	60-80+
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	No.3
	Oe
	5-0
	10YR 2/1
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Ah
	0-10/15
	10YR 3/2
	5,7
	0,0
	4,8
	 
	27,8
	0,34
	47
	38
	15

	 
	BA
	10/15-25/30
	10YR 3/3
	5,9
	0,0
	0,7
	 
	9,1
	0,21
	40
	22
	8

	 
	C
	25/30-50+
	 
	 
	0,0
	 
	 
	 
	 
	 
	 
	 

	EASTERN DISTRICT

	No.4
	Ah1
	0-9
	10YR 2/2
	5,9
	0,5
	12,5
	 
	63,8
	0,31
	63
	31
	6

	 
	Ah2
	9-15
	10YR 2/2
	6,0
	0,0
	9,2
	 
	56,5
	0,38
	53
	38
	9

	 
	    2A
	15-38
	10YR 3/2
	5,9
	0,2
	2,1
	 
	30,9
	0,35
	26
	55
	19

	 
	2Bw
	38-58
	10YR 4/3.5
	5,8
	0,7
	0,6
	 
	19,6
	0,20
	59
	29
	12

	 
	2CB
	58-75+
	10YR 5/3
	5,3
	0,9
	0,4
	 
	20,8
	0,17
	39
	43
	18

	No.5
	Oi
	0.5-0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Oe
	0-3
	10YR 3/2
	5,5
	0,6
	 
	65,3
	 
	0,27
	 
	 
	 

	 
	Oa
	3-6
	10YR 2/2
	5,4
	1,4
	 
	50,3
	 
	0,42
	 
	 
	 

	 
	Ah1
	6-12
	10YR2/2
	5,7
	0,6
	13,6
	 
	74,0
	0,42
	14
	75
	11

	 
	  2Ah2
	12-40
	10YR3/2
	6,5
	0,9
	6,6
	 
	50,4
	0,25
	50
	45
	5

	 
	2AC
	40-55
	10YR 3/3
	7,2
	0,1
	2,1
	 
	15,7
	 
	 
	 
	 

	 
	2C
	55-75+
	10YR 4/2
	 
	 
	 
	 
	 
	 
	 
	 
	 

	No.6
	Oi
	0.5-0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Oa
	0-2
	10YR 2/2
	5,8
	0,8
	 
	51,2
	 
	0,27
	 
	 
	 

	 
	Ah
	2-4
	10YR 3/3
	5,5
	0,0
	8,0
	 
	41,1
	 
	33
	62
	5

	 
	AB
	4-24
	10YR3.5/3
	5,2
	0,0
	2,6
	 
	26,2
	0,41
	19
	72
	9

	 
	2R
	24-45+
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	No.7
	Oi
	0.5-0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Oa
	0-3
	10YR 2/2
	6,1
	0,6
	 
	68,1
	 
	0,13
	 
	 
	 

	 
	Ah
	3-6
	10YR2.5/2
	5,7
	0,0
	13,4
	 
	67,5
	 
	62
	36
	2

	 
	2A
	6-9
	10YR3/2
	5,6
	1,1
	6,1
	 
	48,4
	0,47
	33
	63
	4

	 
	 3CB
	9-20
	1Y4/5
	5,9
	0,0
	1,0
	 
	9,4
	0,20
	68
	28
	4

	 
	     3C
	20-60+
	2.5Y4.5/3
	6,6
	0,3
	0,5
	 
	9,3
	0,18
	70
	25
	5

	No.8
	Oi
	0.5-0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Oa/Oe
	0-2
	10YR 2/2
	5,7
	0,0
	 
	47,2
	 
	 
	 
	 
	 

	 
	A
	2-6
	10YR 3/3
	5,1
	0,3
	5,6
	 
	29,9
	0,34
	63
	34
	3

	 
	CA
	6-19
	2.5Y 4/4
	5,6
	1,0
	1,8
	 
	9,4
	0,14
	72
	35
	3

	 
	C
	19-45+
	5Y 4/1
	5,9
	0,0
	0,4
	 
	5,6
	0,09
	76
	20
	4

	No.9
	Ap
	0-8
	10YR 3/1
	7,1
	0,3
	6,1
	 
	27,4
	 
	 
	 
	 

	 
	C
	8-45
	2.5Y 4/2
	7,5
	1,7
	1,4
	 
	14,0
	0,13
	42
	50
	8

	 
	Cg
	45-55
	5Y 4/1
	7,2
	1,2
	1,2
	 
	10,4
	0,07
	29
	66
	5

	 
	2Cg2
	55-65+
	10YR 4/5
	7,2
	0,1
	0,4
	 
	7,8
	0,18
	43
	51
	6

	No.10
	Oi
	2-0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Oe
	0-5
	10YR 2/1
	5,0
	1,4
	 
	52,1
	 
	0,33
	 
	 
	 

	 
	Ah
	5-21
	10YR 3/3
	4,5
	0,6
	6,4
	 
	49,1
	0,40
	40
	45
	15

	 
	CA
	21-65+
	2.5Y 4/4
	5,8
	0,0
	1,5
	 
	17,6
	0,15
	62
	25
	13

	No.11
	Oi
	2-0
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Oe
	0-2
	10YR 2/1
	6,0
	0,0
	 
	45,0
	 
	 
	 
	 
	 

	 
	A
	2-7
	10YR 3/2
	5,7
	0,0
	13,6
	 
	72,9
	0,24
	31
	55
	14

	 
	AB
	7-16
	10YR 3/3
	5,4
	0,5
	2,4
	 
	30,5
	0,30
	49
	37
	14

	 
	Bw
	16-60
	10YR 4/4
	5,8
	0,2
	2,1
	 
	33,7
	0,37
	45
	40
	15


Table 3: Main  chemical properties of soils.


The interpretations of the survey data and the laboratory parameters showed that, even at very high elevations, Quaternary soil forming processes, similar to the melanization  responsible for the development of modern steppe-chernozems, proved to be active. Such processes seem to be most likely enhanced by the presence both of loess-like eolian covers and particular climatic conditions.

On the contrary, in both the surveyed districts, the B horizons do not meet the diagnostic requirements of the different taxonomic systems for typical spodic (podzolic) B horizons. Only in the Northern District, the 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 express a judgment on the level of the geochemical content of each individual soil sample and its possible contamination, it is required to refer to  average values, to the parent material background and to the thresholds. Unfortunately, the mean and range concentrations of trace elements in soils, proposed in literature, are, even meaningfully, unlike (Allaway, 1968; Kabata-Pendias & Pendias, 1984 and 2001; Canepa et al., 1994; Baize, 1997; Helmke, 2000). Gladney and Burns (1985) underline how the measured values of concentrations for most elements in uniform samples range over a factor up to three and somewhere ten. 

A further factor of uncertainty consists of the lack of explicit mention in many papers of the shape of the trace elements in object: total, available, mobile, and so on.

Moreover, there is no univocity of the data concerning the relative mobilities through the soils profiles. In particular, the mobilities stated for Cu and Ni are much discordant (Brooks, 1983; Kabata-Pendias and Pendias, 1984 and 2001; Fujikawa et al., 2000). Only Pb and Cr, in acid conditions of the supergene environment, are given by all the different Authors a very low mobility. In addition, the sampling and the extraction laboratory methods greatly influence and complicate the interpretations of the results (Tobias et al., 1997). 

Finally, it must be taken into account that in periglacial environments it is very difficult to establish a geochemical background, where the bedrock is covered with till, loess, fluvioglacial and fluvial deposits, and the soils show the so-called cumulative character (Birkeland, 1984). In such environments, to assume as background the contents in trace elements of the rocks composing the bedrocks is meaningless. Moreover, neither the present depths of the bedrocks, neither if they are or have been once affected by weathering and pedogenesis are known. In structurally   active mountain ranges, exposed to Alpine orogenesis, an intense mass wasting and a continuous slope degradation incessantly go on and their products overlap to debris flow, creeping, cryoclastism, freeze-thaw, etc. Such processes might also hide the real translocation processes of the heavy metals in soil profiles. At last, the eolian silt has covered, even though discontinuously, some parent materials of the soil. 
By all these reasons, in the present work the average elemental world soil content has been assumed as background and reference value (Fig. 4).

In Table 5, the analytical results of 6 trace elements contents in the Northern and Eastern Districts soil profiles are shown.

	NORTHERN DISTRICT

	Profile
	Horizon
	Depth
	Cu
	Cr
	Pb
	Zn
	Cd
	Ni

	
	
	(cm)
	mg kg-1
	mg kg-1
	mg kg-1
	mg kg-1
	mg kg-1
	mg kg-1

	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

	
	C/R
	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.l.
	197,3

	
	2C
	60-80+
	
	
	
	
	
	

	No.3
	Oe
	5-0
	
	
	
	
	
	

	
	Ah
	0-10/15
	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
	3-6
	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
	3-6
	
	
	
	
	
	

	
	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
	2-6
	48,2
	88,4
	36,1
	74,3
	b.d.l.
	42,2

	
	CA
	6-19
	88,4
	100,4
	24,1
	62,2
	b.d.l.
	42,2

	
	C
	19-45+
	101,5
	92,0
	26,8
	44,1
	b.d.l.
	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
	55-65+
	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
	21-65+
	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
	16-60
	55,8
	78,8
	38,5
	92,3
	0,04
	40,4


Table 5: Trace elements in soil profiles.

In the Northern District, Cd is found in low amounts in all the profiles with the exception of profile No. 1, where it is slightly over the world mean values. Cr is particularly abundant in profile No. 2, where Ni, together with Cu, reaches high values as well. These high values prove the genetic diversity of the parent materials of profile No. 2 as to the others of the district under discussion. Moreover, the differences of their values within the same profile highlight also the internal genetic diversity existing between the two materials themselves. In short, according to geochemical content, the profile No. 2, developed in a loess-like material covering alluvial deposits, seems to stand out from the others, showing higher contents in Cr, Cu, and Ni.

As far as Pb is concerned, its position in a profile, since this element has a very low mobility, can be considered an efficient index revealing its atmospheric or lithological origin. Consequently, in the No. 1 profile, the higher amounts of Pb, together with a fair Zn and Cd content in the surface horizons, seem testify in favour of the hypothesis of atmospheric sources of these elements. 

In the Eastern District, Cd, that only in the surface horizon of profile No. 5 exceeds the world mean values, shows an irregular distribution in all the soil profiles. Cr gets, quite everywhere, to slightly increase with the increasing depth and, as it has a very low mobility, its lithological inheritance seems to be likely.

Ni and Cu, generally known as easily mobilized during weathering, are nearly constantly present in higher quantities in depth.

Being Zn a quite mobile element, its high values in surface horizons of profiles No. 4, 5, 6, and 8  would reveal local contribution of atmospheric fallout. 

Finally, the so-called A reference values (target values) and C values (intervention values), calculated on weighted averages within the whole profiles,  were compared (fig. 4) to the trace elements content in the soils of the two Districts, according to the procedure of the Dutch National Institute of Public Health and Environment Protection (1991)
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Figure 4: Weighted averages of the trace elements contents in the whole profiles of the investigated soils, compared with the average elemental world soil concentrations (Logan, 2000), and the Target A and Intervention C values, as calculated referring to the procedure of Dutch National Institute of Public Health and Environment Protection (1991).

Cd, Pb e Zn values ranked commonly below or slightly above the limits of the A value, while Cu was everywhere found above this value. Cr and Ni turned out  particularly abundant in the profile No. 2. With reference to the C values, Pb, Cr, Cd and Zn were everywhere far from values of ecotoxicological risk. Ni reaches its C threshold of 168,0 mg.kg-1 in profile No. 2, and Cu the threshold of 96,2 mg.kg-1 in site No. 8.

Principal Components Analysis (PCA) was applied to some soil parameters (fig. 5), and it showed two groups of variables: on the one hand Cr, Cu and Ni; on the other hand Cd, Pb and Zn, that are connected with SI. These relations were also confirmed by the high statistical correlation between the variables???. A highly meaningful correlation (p < 0.005) between Pb, Zn and the SI was found. Perché???  
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Figure 5: PCA for soil profiles variables (weighted averages on depths 0-30 cm). Spod-Ind. is the Spodicity Index (SI); C is organic carbon.
PCA applied to soil profiles shows that the soils of the Eastern District (Profiles No. 4 up to 11) are quite similar among themselves, whereas the soils of the Northern one are rather unlike (fig. 6). 
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Figure 6: PCA for soil profiles (numbers refer to soil profiles). Weighted averages of pH, organic carbon, SI, Cd, Cu, Cr, Ni, Pb, and Zn were calculated over/within/on ???  the soil depths of 0-30 cm. 

5. Conclusions

The researches have showed, first of all, the insufficiency in the investigated soils of diagnostic characteristics of a true podzolization process, in spite of the favourable composition of parent materials and climate conditions. On the contrary, a stronger influence of the melanization process, leading to the formation of phaeozems and chernozem-like soils, has been verified. The latter process seems to have been enhanced by the eolian contributions, both of Holocene and Pleistocene age, that formed frequent loess-like covers. 
As far as the trace elements are concerned, the amount in soils was not so relevant to suppose the presence of serious contamination processes.

But the soils of the Northern District seem to suffer to a certain extent the atmospheric fall out of some pollutants, mainly Ni, Cd, Zn, and maybe Cr,  likely of urban and industrial remote origin. Moreover, on the north-facing slopes of the Northern District, the springtime cyclonic activity makes its influence be felt, both in terms of total rainfall and trace elements fallout. In fact, the humid air masses come from western, northwestern and northern directions.
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