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In 2017 and 2018, we investigated the vertical and spatial distribution of major and trace elements in four soil profiles of Retisols within a typical catena in the Central Forest Nature Reserve. In 90 soil samples we measured total organic carbon, pH, grain size distributions, total concentrations of Co, Cr, Cu, Fe, Mn, Ni, Pb, Sr, Ti, Zn, Zr and levels of their mobile fractions: exchangeable, bound to organic and other complexes ("organic” fraction) and those phases that are associated with Fe and Mn hydroxides (“hydroxidous” fraction). In the umbric horizon the average total concentration of Fe is 1,2%, Ti – 0,33%, Mn – 482 mg‧kg-1, Zr – 292 mg‧kg-1, Sr – 90 mg‧kg-1, Zn – 39 mg‧kg-1, Cr – 21 mg‧kg-1, Pb – 21 mg‧kg-1, Ni – 9 mg‧kg-1, Cu 8 – mg‧kg-1. The concentrations of the exchangeable fraction of the metals diminish in order: Fe> Mn> Sr> Zn, Pb> Ti, Cr, Ni, Cu, Co, Zr; the concentrations of the “organic” fraction and the “hydroxidous” fractions show the following order: Fe> Mn>> Ti, Zr, Pb> Co> Ni, Cu, Zn> Cr, Sr and Fe> Mn> Ti> Zn, Sr, Pb> Cr> Cu, Ni, Co> Zr, respectively. In all studied Retisols the total Pb and Zr, the exchangeable fraction of Co, Fe, Mn, Pb and Zn, the “organic” fraction of Cu, Fe, Pb and Zn, the “hydroxidous” fraction of Pb accumulate in topsoil horizons. For the total Co, Fe, Ni, Sr and Zn, the exchangeable Co, Cr, Cu, Mn, Pb, Zn and Zr, the “organic” Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn and Zr and the “hydroxidous” Co, Cr, Cu, Ti, Zn, Zr the loss from the albic horizons and/or the accumulation in the argic horizons were registered. The total concentrations of all studied elements increase in the umbric horizon in the upper part of the catena, at its slope position. In the umbric horizons in its lower part (footslope and toeslope) positions, the concentrations of exchangeable Ni, Cu, Sr and Zr, “organic” Ni, Cu and Zn increases, and the concentration of exchangeable Co, Cr, Pb, Ti and Zn, “organic” Cr, Ti and Co, “hydroxidous” Mn, Ni, Zn, Pb, Zr decreases.
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Introduction

The assessment of background landscapes, which is carried out mainly in biosphere reserves, is given a special attention in the UNESCO and UNEP international programs on the environment. Different-scale geochemical analysis of landscapes is an integral part of background monitoring which currently uses a catenary approach as a main method of the study. This approach is based on identification of the most typical systems and geochemical analysis of their components. With the example of typical catenas that include the most common elementary landscapes and their spatial sequences, the parameters of the radial and the lateral distributions of elements in different blocks of landscapes are estimated (Kasimov, Gennadiev, 2005).

The distribution of the total concentrations of elements in soils of the background landscapes is widely described in literature. The fractionation of metals from the soil media intend to increase our knowledge about the complex nature of metals' occurrence and their pathways in the environment. The results of common chemical extractions of metals from soils are interpreted in terms of site-specific physicochemical conditions and metals’ behavior. The levels of mobile B, Co, Cu, I, Mn and Mo fractions in various soil systems were identified during the studies conducted in the former USSR (e.g. Microelements.., 1973). In Europe a lot of attention was paid to arable soils: the contents of specifically adsorbed compounds of 53 elements was determined in the upper horizons of arable lands in European countries (e.g. Reimann et al., 2018). The exchangeable and the adsorbed fractions of Cu, Ni, Pb, Zn, the exchangeable Co and the adsorbed Mn were examined in details in Retisols, Phaeozems and Chernozems since the numerated elements can be essential for plant growth and hazardous in polluted environment. The organic fraction of metals have been still poorly studied.

The lateral patterns in metals’ distributions have been studied mainly in subtaiga, forest-steppe and steppe catenas (e.g. Semenkov et al., 2016; Samonova et al., 2017). Radial and lateral distributions of metals were analyzed on three key sites in the taiga catenas of the East European and West Siberian Plains (Semenkov, 2016). A better understanding of specific features in the migration and accumulation of Co, Cr, Cu, Fe, Mn, Ni, Pb, Sr, Ti, Zn and Zr is necessary for assessing their occurrence and pathways both in natural and technogenic landscapes. The results of such catenary studies in taiga zone are especially important in the context of environmental monitoring conducted in large cities of European Russia, notably in Moscow.
Materials & Methods

Within the Central Forest Nature Reserve (Tver region, Russia), a model catena that represents a sequence of southern taiga landscapes was selected. The catena included Retisols developing under mixed coniferous (spruce) - broadleaf forests on mantle loam underlain by glacial till with calcareous rock fragments. In total 31 soil samples were collected from 4 soil profiles at summit, slope, footslope and toeslope positions of the catena.
The bulk samples were analyzed for the content of the organic matter using K2Cr2O7 wet-combustion method and soil acidity in soil-water suspension using pH-meter "Expert-pH". A parallel extraction of Co, Cr, Cu, Fe, Mn, Ni, Pb, Sr, Ti, Zn and Zr from bulk samples was used to separate the metals’ mobile fractions. The following reagents were applied for the extraction: (1) acetate-ammonium buffer (AAB) with pH 4.8 with soil:solution ratio 1:5, (2) acetate-ammonium buffer with 1% EDTA (AABEDTA) with soil:solution ratio1: 5 and (3) 1N HNO3 with soil: solution ratio 1:10. The concentrations of the elements were determined in a certified laboratory with ICP-MS method using "Elan-6100" equipment ("Perkin-Elmer" company, USA). The fraction bound to the organic and other complexes was estimated as the difference in the metals’ concentrations in the AAEDTA and AAB extracts. The fraction of the metals bound to hydroxides of Fe and Mn was calculated as the difference in their contents in nitric acid and AAB extracts.The specific regional features in the studied soils’ geochemistry were revealed by comparing total metals’ contents with their clarkes estimated for the upper continental crust. The clarkes according to the recommendations given in (Kasimov, Vlasov, 2015) are represented by the following values (the subscripts, mg‧kg-1): Fe41000 Mn770 Sr270 Zr240 Cr92 Zn75 Ni50 Pb17 (Grigoriev, 2009), Cu27 Co15 (Hu, Gao, 2008).
Results & Discussion

The studied soils in the catenary sequence have all the characteristics typical of Retisols (WRB, 2014) that develop in the taiga landscapes of the East European Plain. They have loamy composition, acidic pH in upper horizons; clear albic and argic horizons.
In all soils, the vertical textural differentiation is clearly pronounced. According to the granulometric composition, the soils have loamy texture and contain more than 10% of particles smaller than 10 μm. The albic horizons are enriched with silty fractions. The soils are very differentiated according to the changes in the proportions of the clay fraction, which is partly due to composite two-stage parent material. The pH varies from acidic (4.4) to neutral and slightly alkaline (8,2) reaction, which is a result of the presence of calcareous rock fragments in the lower part of the parent material (glacial till). The soil organic matter content drops sharply with depth, which is typical for soils in the taiga zone (Glazovskaya, 2009).

Table 1.The average total contents and the variation coefficients* of the metals in the soil catena 
	Horizons
	Fe*

(%)
	Mn

(mg‧kg-1)
	Ti (mg‧kg-1)
	Co

(mg‧kg-1)
	Cr

(mg‧kg-1)
	Cu

(mg‧kg-1)
	Ni (mg‧kg-1)
	Pb

(mg‧kg-1)
	Sr (mg‧kg-1)
	Zn (mg‧kg-1)
	Zr (mg‧kg-1)

	hortic
	0,3
	1756
	773
	3,4
	13
	10
	7
	22
	49
	81
	72

	n=12
	82
	66
	112
	103
	74
	26
	51
	77
	35
	49
	130

	umbric
	1,2
	482
	3345
	4,5
	21
	8
	9
	21
	90
	39
	292

	n=6
	60
	72
	15
	50
	40
	22
	32
	37
	12
	39
	39

	albic
	1,5
	576
	3488
	6,9
	27
	13
	13
	15
	101
	37
	347

	n=8
	43
	53
	7
	47
	36
	49
	36
	11
	6
	23
	37

	argic
	1,5
	685
	3064
	8,4
	38
	19
	20
	15
	99
	52
	287

	n=8
	23
	30
	9
	20
	27
	18
	26
	8
	12
	28
	31

	protocalcic
	1,6
	650
	2733
	9,0
	40
	18
	22
	15
	111
	60
	211

	n=3
	26
	19
	6
	13
	19
	6
	8
	15
	12
	13
	25

	Literature sources**,

min–maх
	0,8–4,6
	100–2300
	–
	3–23
	5–140
	5–60
	7–90
	5–33
	50–400
	30–100
	–


* the variation coefficients are given below the horizontal line, **(Semenkov, 2016)
The contents of the exchangeable fraction of Co, Cr, Cu, Ni Sr, Zn corresponds to the range of their mean levels registered in unpolluted Retisols (Semenkov, 2016). Higher concentrations were found for Fe, Mn, Pb, which is probably due to the development of gleyic processes causing increase in mobility of the elements with variable valence. The variation coefficients estimated for the exchangeable fraction contents in the total population of the soil samples diminish in order: Mn (253%)> Ti, Zn (177-176)> Co, Sr, Pb, Zr, Fe (153-105)> Cu, Ni, Cr (74-64).

The average contents of some metals (Co, Cr, Cu, Ni, Pb, Zn) associated with organic and other complexes correspond to the literature data (Semenkov, 2016), for Fe its content is higher, and that of Mn is lower than the typical levels published in the literature sources. The variation coefficients estimated for this fraction in the total population of the soil samples diminish in order: Cr (296%), Sr (289), Zn (266)> Fe (158)> Ni (124), Pb (123), Cu (112), Mn 103)> Co (85), Zr (80), Ti (72).

The concentrations of Cu, Mn, Ni, Pb, Sr adsorbed by Fe and Mn hydroxides agree well with the background levels of this fraction given in the literature (Semenkov, 2016). Lower concentrations are found for Co, Сr, Fe и Zn, which is probably related to the fact that the parent loamy material is relatively poor in the total concentrations of the elements. The variation coefficients estimated for this fraction in the total population of the soil samples diminish in order: Mn(138%), Sr(116) > Pb(93), Zn(87) > Co(74), Zr(69), Ni(63), Ti(60) > Fe, Cu(50) > Cr(39).

In the upper (hortic and albic) horizons of the studied Retisols the total contents of Pb and Zr as well as the concentrations of some metals in “exchangeable” (Co, Fe, Mn, Pb, Zn), “organic” (Cu, Fe, Pb, Zn) and “hydroxidous” fractions (Pb) increase relative to the parent material. The relative loss from the albic horizon and/or relative accumulation in the argic horizon are found for total Co, Fe, Ni, Sr and Zn, “exchangeable” Co, Cr, Cu, Mn, Pb, Zn and Zr, “organic or complex” Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn and Zr, as well as for the Co, Cr, Cu, Ti, Zn and Zr in “hydroxidous” fraction.

Laterally, the total contents of Co, Cr, Cu, Fe, Mn, Ni, Pb, Sr, Ti, Zn and Zr are higher in the humus horizons in the soils of the upper part of the catena. The concentrations of exchangeable Ni, Cu, Sr, Zr and “organic” Ni, Cu, Zn are higher in the humus horizons of its lower part (footslope and toeslope), while the concentrations of the exchangeable Co, Cr, Pb, Ti and Zn, “organic” Cr, Ti and Co, as well as “hydroxidous” Mn, Ni, Zn, Pb and Zr show lower values.
Acknowledgement

This study was conducted with financial support from RGS-RSCF № 17-05-41036 (contract 04/2017/RGO-RFFI).
References

Glazovskaya M.A. 2009. Soils and rocks forming and the continental cycles of carbon. Librocom, Moscow 332 p. (in Russian).

Grigoriev N.A. Distribution of chemical elements in the upper part of the continental crust. UrO RAS, Ekaterinburg 382 p. (in Russian).
Hu Z., Gao S., 2008. Upper crustal abundances of trace elements: A revision and update. Chemical Geology 253 (3–4): 205–221.

Kasimov N.S., Gennadiev A.N. 2005. Landscape geochemistry and soil geography: main concepts and approaches. Vestnik Moskovskogo Unviersiteta, Seriya Geografiya 2: 10 – 17.

Kasimov N.S., Vlasov D.V., 2005. Clarkes of chemical elements as comparison standards in ecogeochemistry. Vestnik Moskovskogo Unviersiteta, Seriya Geografiya 2: 7 – 17.

Microelements in soils of Soviet Union, 1973. Moscow State University, Moscow. 282 p. (in Russian).
Reimann C., Fabian K., Birke M., Filzmoser P. et al., 2018. GEMAS: Establishing geochemical background and threshold for 53 chemical elements in European agricultural soil. Applied Geochemistry 88 (B): 302-318

Samonova O.A., Aseeva E.N. Kasimov N.S., 2017. Metals in 1–0.25 mm grain-size fraction in the soils of the mixed forest zone of the Russian plain. Journal of Geochemical Exploration 184: 381 – 393.
Semenkov I.N. 2016. Fractions of metals in loamy tundra, taiga, subtaiga and forest-steppe soil-geochemical catenes. PhD dissertation. Moscow. 174 p. (in Russian). https://istina.msu.ru/dissertations/19006145/
Semenkov I.N., Kasimov N.S., Terskaya E.V, 2016. Lateral distribution ofmetal forms in tundra, taiga and forest steppe catenae of the East European Plain. Vestnik Moskovskogo Unviersiteta, Seriya Geografiya 3: 29 – 39.

