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INTRODUCTION
Georgia is a mountainous country in the Caucasus, neighboring Russia, Azerbaijan, Armenia and
Turkey. Georgia is characterized by a great variety of soil types on its small territory, which
includes nearly all soils of the world. This can be explained by the enormous variety of soil
forming factors within short distances. Therefore, Professor V.V. Dokuchaev, one of the
founders of modern soil science in the end of the 19th century, called Georgia an “Open-Air
Museum of Soils”.
The spectrum of soil types in Georgia reaches from bog soils in the lowlands of the humid
subtropics of West Georgia to meadow-grey-cinnamonic and salty soils in the dry subtropics of
East Georgia. Foothill-, mountain-forest- and mountain-meadow regions show very different soil
types. A great variety of rocks, a specific relief with contrasting climatic conditions and great
differences in biodiversity and other soil forming factors determine the enormous variety of soils
in Georgia and its specific geographical distribution.
The characteristics of Georgian landscapes and soils show the greatest diversity.
Many soil types were discovered and described on the territory of Georgia, as a result of a
complex pattern of bioclimatic, lithological and geomorphologic conditions.
Some of the world soils were first described in Georgia and were later discovered in other
countries, too, among them Cinnamonic (Cambisols Chromic) by Professor S. Zakharov in 1904,
Meadow-Cinnamonic (Cambisols Chromic) by Professor V. Fridland in 1956,Yellow-Brown
Forest (Acrisols Haplic) by Professor T. Urushadze in 1967.
The timescale of soil formation is most important especially when changes of soil forming
conditions occur. Therefore, soil can also be considered as a “mirror of landscape”, which
reflects the conditions of soil formation. However, soil types do not always indicate the actual
soil forming parameters, because they were formed under quite different conditions. Therefore
they also indicate previous stages of soil development, thus revealing earlier stages of
development. As a result, soil is not only a “mirror of landscape”, which reflects the
contemporary conditions of the environment, but also a “memory of landscape” through the
conservation of paleo-geographic, relict properties (Targulyan, 2008). However, soil properties
formed under previous conditions do not disappear completely, but are inherited and preserved
for a certain period of time.
The soils of Georgia were formed in the Quaternary period, some of them during the Pleistocene
and others in the Holocene. Some soils of vertical zonality in the foothill areas are: Ferralic
Nitisols, Haplic Acrisols, Albic Luvisols (Humid Subtropics), Vertisols, Chromic Cambisols (dry
Subtropics). Soils of the middle belts of the mountains are: Eutric Cambisols, Chernozems and
High Mountains Leptosols, which show that the soil types and their properties sometimes do not
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reflect adequately the actual physical-geographic conditions. This refers especially to soils,
which occur around 1000-1200 m a.s.l. Their age is much older than Holocene. Soils above 1200
m of altitude clearly reveal ecological (physical-geographic) conditions in their properties and
are therefore a mirror of landscapes.
It is known, that during the history of the Earth continuous changes of the soil cover occurred by
burying of old soils and formation of new ones, partly on young sediments or on the remnants of
old soils. In the assessment of the actual soil cover it is necessary to distinguish different
parameters: age of the soil cover, soil types, soil horizons and others.
The complexity of soil cover and anthropogenic influence cause of the ecological conditions.
Among them soil erosion, contamination of radionuclides and especial of heavy metals.
Authors analyze dates about heavy metals and comparison it with dates of European countries.
As a result were received information about rationing of the heavy metals in soils of Georgia.
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Chapter 1. SOILS OF GEORGIA

1.1.FACTORS OF SOIL FORMATION
Georgia is located in the western and central part of the Trans-Caucasus between 43° 350 and
41° 070 N, and longitudes 40° 040 and 46° 420E. The longest stretch in Georgia is 613km from
Gantiadi to Shiraqi and the distance from the Black Sea to Lagodekhi is 370 km. At Tbilisi
longitude the distance from the northern border to the southern border of Georgia is 165 km. The
total area of Georgia is 70.000 km2. The geographic center of Georgia is west of the Rikoti Pass.
1.1.1. RELIEF
The relief of Georgia has been formed by endogenic (tectonic, volcanic, lithologic) and exogenic
(surface and ground water, weathering, winds, glaciers, etc.) processes over a long geological
period. The combination of all these factors accounts for the complex and diverse character of its
relief.
The orographic-tectonic structure of Georgia includes four different units in terms of hypsometry
and morphology – the Greater Caucasus Mountain Range, the Ajara-Trialeti folded Zone, the
intermountain depression and the southern Georgia volcanic region. In these four units the
intensity of relief-forming factors varied in time and space resulting in a complex and diverse
topography.
The mountain-gully relief of tectonic-erosive origin prevails at 1.000m above sea level along the
Caucasus Mountain Range. Various tectonic-lithologic, erosive and further relief forming factors
with different intensity account for the characteristics of this relief.
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Fig. 1. Topography of Georgia
Higher than 1.000m above sea level the relief is formed by Quaternary glaciation. At the sources
of the Bzipi, Kodori, Enguri, Tskhenistskali, Rioni, DidiLiakhvi, Tergi and other rivers glacial
landforms, like U-shaped valleys or glacial troughs, cirques and moraines are found.
The slopes of the Caucasus Range (below 1.000-1.500m of altitude) are less steep with a smooth
mountainous erosive relief, including mean and low mountains, hills, intermountain basins, river
gorges, erosive-accumulative terraces and forms of Karst.
The intermountain depression of Georgia together with the Surami Range consists of two
orographic parts – the Kolkheti and the Iveria plains.
The Ajara-Trialeti folded zone is much lower than the Caucasus. In terms of general
characteristics the southern Georgia volcanic region is significantly different from the northern
Caucasus and the Ajara-Trialeti folded zone. The main difference is that in the southern Georgia
volcanic region at 1.400-2.200m above sea level there are mainly plateaus surrounded by
volcanic mountains and massifs. The altitudes and the dissection of the surfaces of high plateaus
and volcanic mountains of the southern Georgia volcanic region are much less expressed than
those of the Ajara-Trialeti and Caucasus folded zones. Determining the absolute age of soil
parent material formed by weathered rock is of utmost importance for studying soil formation
processes. In some cases the relief age differs from that of the soil parent material. This is
especially true for mountainous areas with dissected surfaces, where due to the intensity of
erosive-denudation al processes, loose material is periodically moved. The territory of Georgia is
typical for that. For example, the age of soils in the Kolkheti plain can’t be more than hundreds
of years as soil substrate formation in this area is rapid and intensive due to the accumulation of
loose material transported by mountain rivers to the plains. The absolute age determined through
radiocarbon dating evidences this. For example, sediments formed 3.000-4.000 years ago (in the
western part of the Kolkheti plain) sank 4-6 m below the land surface. The rocks of the Kvemo
Kartli plain were formed 8.000-10.000 years ago and soil has been continuously formed on them
(as evidenced by the archaeological data). The Alazani valley is also formed through relatively
new deposits. Proluvial deposits are still brought by streams flowing from the Gombori and the
Caucasus ridges. The deposits on the Iori plateau are older and date back to the Quaternary or
even earlier periods.
1.1.2. GEOLOGY
Georgia is characterized by a complex geology and a great variety of soil forming rocks, which
differ in origin, mineral composition, physical-chemical and other characteristics.
Igneous rocks mainly comprise both intrusive and extrusive rocks of felsic, intermediate and
mafic chemical composition.
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The typical examples of felsic rocks are granite-rhyolites (SiO2! 62%).
Intermediate rocks (SiO2! 62-52%) mainly comprise diorite-andesites and subalkaline rocks.
Diorite-andesites are characterized by Na2O+K2O – 5-7%. Intrusive diorites are less common
than granites. They are found mainly as quartz diorites and diorite gneisses. Andesites are much
more widespread. They are found at the Greater Caucasus range (Kazbegi district, Keli plateau),
the Borjomi-Bakuriani district, the Javakheti plateau and Ajara. In Ajara there is a crust of
weathering on andesite’s and basaltic andesite’s.
Subalkaline rocks are represented by intrusive syenites and extrusive trachyte’s. Porphyries are
less common. Syenites are quite rare in Georgia.
Mafic rocks are mainly represented by gabbro’s (intrusive)and basalts (extrusive). Gabbro’s and
their intrusive varieties are less common.
Ultramafic igneous rocks (SiO2< 42%) are very seldom.
Sedimentary rocks are much more widespread than igneous rocks. Therefore they play a much
more important role in soil formation. Sedimentary rocks include clastic, chemical and biogenic
rocks. In terms of lithology limestone’s, dolomites, marlstones, sandstones, claystone’s and
various conglomerates prevail in Georgia.
Sedimentary carbonate rocks (limestone’s, marlstones, dolomites) occur in a wide strip along the
southern slope of the northern Caucasus.
Sandstones and sand are found in the strata of earlier geologic periods as well as in Quaternary
deposits. As soil forming rocks sandstones and sands are less common than carbonate rocks,
sandstones and sands are represented in strata and streaks. The mineral composition of these
rocks is diverse.
Claystone’s as soil forming rocks (kaolinites) are widely spread in the northern-western part of
Eurasia. In this respect clays do not play an important role in Georgia.
Georgia is rich in sedimentary mixed deposits which do not belong to one specific lithogenic
origin. These lithogenetically different deposits are similar regarding their transfer and
accumulation mechanism and the geological-historical circumstances. These sedimentary
deposits can be subdivided into the following main categories: eluvial, deluvial, alluvial,
proluvial, lacustrine, glacial and fluvio-glacial.
Alluvial deposits are the most widespread type in Georgia. They form river terraces,
intermountain depressions. Alluvial deposits consist of various conglomerates and gravelites.
Glacial deposits consist of slates, sandstones, volcanic rocks, etc.
Metamorphic rocks (e.g. various slates, phyllites, argillites) are widespread on the southern
slopes of the Caucasus and play an important role in soil formation (e.g. Khevsureti, Tusheti,
Svaneti).
Referring to the geology, the territory of Georgia can be subdivided into three main zones: the
Greater Caucasus Mountain range, the intermountain depression of the Transcaucasus and the
southern Georgia mountains.
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The Greater Caucasus Mountain range including the foothills consists of paleozenic
metamorphic rocks, including slates (e.g. epidote-zoisite, chlorite). Early and Middle Jurassic
rocks are argillites, slates with sandstone interfaces and metamorphic rocks similar to Early
Cretaceous argillites with small-grained limestone. Volcanic rocks comprise andesites, andesitedacites, basalts, which are often covered by Quaternary or recent alluvial-deluvial and glacial
deposits.
The intermountain depressions are characterized by the so called mollasic sediments – a
formation, which partly originated from the foothills. This proluvial formation shows
conglomerates, gravelites, sandstones and sands. The Kolkheti plain is covered with alluvial
deposits, which stretch into the Samegrelo depression and Zemo Imereti plain. The ZemoImereti
plain is surrounded by the Dziruli massif. In the east it stretches into the Mtkvari depression.
The geology of the southern Georgian mountains is characterized by late Cretaceous, Paleogenic,
Postpliocenic and young sediments. Cretaceous sediments contain carbonates, mainly as
chemogenetic limestones. Paleogenetic sediments originate from various formations, including
argillites, tuffaceous sandstones of flush origin. In western Ajara there are extrusive rocks with
weathering crusts. The postpliocenic deposits consist of loose conglomerates, loam, sand and
cobbles. The younger sediments consist of alluvial material, cobbles, deluvial sand or clay and
coarse-grained deposits.

1.1.3. CLIMATE
The climate of Georgia is diverse due to the specific geographic conditions. Georgia is located
on the border of subtropical and temperate climates, between the Black Sea and the Caspian Sea
and has a complex relief due to the geology and the topography. In the relatively small territory
of Georgia a great variety of regional and local climates exist, humid subtropical climate,
permanent snow and glaciers and dry subcontinental climate in southern Georgia.
Solar radiation, atmospheric circulation and surface characteristics play a key role in the climate
of Georgia. All these factors are interconnected and define all of the natural processes. By solar
radiation the climate of Georgia is subtropical.
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Fig.2. Climate of Georgia
The dynamics of circulation processes, depending on the topography, (differences in elevation,
ridges and gorges), the distance from the sea, the vegetation and the soil cover define the climate
and create a distinct climatic pattern.
Some of the main factors influencing the climate of Georgia are the Caucasus range, southern
Georgian mountains and the intermountain depression – the so called Climatic Corridor of the
Transcaucasus, connecting the Black Sea and the Azerbaijan arid regions. The high Caucasus is
connected with the southern Georgian mountains by the Likhi ridge. The Likhi ridge is a climatic
border dividing the country into two different climatic zones.
Zone 1 – Western Georgia situated on the eastern coast of the Black Sea and surrounded by the
mountains has humid subtropical climate with a small variation in temperatures, with high
precipitation, with a positive solar radiation balance and high humidity. The humid air masses of
western Georgia converge and move upwards, while the air masses in eastern Georgia move
downwards. Humid continental air masses of the subtropics prevail during the year.
Zone 2 – Eastern Georgia has a moderately dry subtropical climate. In eastern Georgia the
humidity and precipitation are low and so is cloudiness. The temperature variations are great. In
winter, spring and autumn western continental and air masses deriving from the Black Sea
prevail in eastern Georgia.
In eastern Georgia there is a subzone of southern Georgian mountains, which has a dry
continental climate and moderately humid subtropical climate. The orography of the relief (slope
and orientation of the slopes), the solar radiation, the air mass circulation, the vegetation and the
soil cover define the characteristics of the region and play an important role in forming climatic
regions.
The Caucasus mountains are characterized by a clear vertical zoning. They form a natural border
in the north, protecting Georgia from cold air masses. Sometimes these air masses move around
the Caucasus range and intrude the Transcaucasus from the west or east. They change when they
move over the Black Sea and Caspian Sea. Convectional processes play an important role in the
air mass formation and are especially expressed during the warm seasons.
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Plains define the character of circulation in the northern hemisphere, e.g. by the Siberian
anticyclone, the Mediterranean Sea cyclones, the Azores anticyclone, cold-core polar cyclones
and anticyclones.
The zonal circulation is interrupted by meridian circulation during which cold air masses intrude
from the north and warm air masses from the South.
There are five types of circulation processes in the territory of Georgia: western, eastern,
between west and east, anticyclones and wave disturbances from the southern regions.
Local circulation has a great importance due to local conditions, e.g. the relief dissection,
differences in elevation and the influence of air movement.
The vertical zoning of landscapes together with the influence of the vegetation and the soil cover
create a distinct pattern of temperature and humidity in various regions of Georgia.

1.1.4. VEGETATION
The vegetation in Georgia is diverse due to complex soil, climatic, orographic and other
conditions. The vegetation includes xerophytic, heat-loving, hydrophilous and frost resistant
plants. In some parts of Georgia there are also relic plants. In many places the vegetation has
been changed significantly due to anthropogenic influence, e.g. deforestation, drainage,
irrigation.
The main zonal types of vegetation are semi desert, steppe-forest, subalpine and alpine plants.

Fig.3. Vegetation of Georgia
The western border of the semi-desert vegetation stretches is near Tbilisi. This vegetation is less
vigorous and aggressive. The steppe vegetation can be found in plains, foothills and between the
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mountain ridges. This is due to the fact that steppe vegetation is a secondary one, which appeared
after the cutting of the forests. The development of secondary steppes can be traced back to the
16th -17th century, e.g. Javakheti steppe developed in that period. This type of vegetation has
changed significantly and is now similar to a primary steppe vegetation. In some steppes there
are remnants of original forest vegetation, e.g. pines or the Abuli forest with oriental oaks and
birches.
Arid sparse forests occupy a transition zone between the semi-desert and the forests. They
belong to southern subtropical forest steppes. Such a transition is characteristic of southern
countries (Northern Africa), where no primary steppes occur just like in the Transcaucasia.
Arid sparse forests are similar to savannahs in many ways. They both have trees growing in
sparse grass. But there is also a difference between savannahs and arid sparse forests. In
savannahs the development depends on moisture changes. During the year temperature varies
insignificantly thus ensuring the growth of vegetation all year round. In savannahs the
development cycle depends on the precipitation. In arid sparse forests it depends on the lack of
heat in winter. It is opinion that arid sparse forests are a northern variant of savannahs.
The most common type of vegetation is forest vegetation. In western Georgia forest vegetation
stretches from the sea coast to the alpine zone. In eastern Georgia forests border on steppes and
semi-deserts at the lower elevations and on alpine meadows at the higher elevations. The lack of
precipitation, low relative humidity and high temperatures define the lower border of the forests.
In eastern Georgia the lower border of forests coincides with the line marking the areas where
moisture index is 1. The upper alpine border of the forests lies at various elevations varying
between 2.050m and 2.600m. In western Georgia the border is lower than in eastern Georgia.
The forest vegetation comprises several tree varieties. Their distribution depends on vertical
zoning. In plains there are lowland forests consisting mainly of Imereti oaks (Quercus imeretina)
and other trees. In the lower areas there are subtropical forests and forests of Georgian oaks
(Quercus iberica), in the middle zone beech forests are common and in the upper zones fir, pine
and oak (Quercus macranthera) forests. Birch tree, maple tree, beech tree and pine tree forests
occupy the subalpine zone.
The subalpine zone vegetation comprises subalpine crooked and sparse forests, high mountain
bushes, subalpine tall grasses and subalpine meadows.
The alpine vegetation consists of alpine meadows and high mountain bushes. Their lower border
coincides with the upper border of the trees.

1.2. GENETICAL PECULIARITIES OF SOILS OF GEORGIA
The main soils of Georgia are: Red (Ferralic, Haplic Nitisols), Yellow (Ferric Luvisols), Bog
(Dystric, Eutric Gleysols, Histosols), Yellow Podzolic (Stagnic, Ferric Acrisols), Yellow
Podzolic Gley (Stagnic, Ferric, Gleyic Acrisols), Yellow Brown Forest (Stagnic, Mollic, Humic,
Ferric Luvisols), Brown Forest (Humic, Ferric, Eutric, Dystric Cambisols), Brown Forest Black
(Haplic Chernozems), Raw Carbonate (Rendzic Leptosols), Grey Cinnamonic (Calcic, Vertic
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Kastanozems), Meadow Grey Cinnamonic (Haplic, Gleyic, Vertic Kastanozems), Cinnamonic
(Chromic, Calcaric, Humic, Eutric Cambisols), Meadow Cinnamonic (Chromic, Calcaric,
Gleyic, Eutric Cambisols), Black (Haplic Vertisols), Chernozems (Voronic, Calcik Chernozems),
Mountain Forest Meadow (Haplic Ubrisols), Mountain Meadow (Hyperdystric Umbrisols),
Mountain Meadow Chernozems (Phaeozems), Andosols (Andosols), Saline (Vertic Solonchaks,
Mollic Solonetz), Alluvial (Gleyic, Eutric, Dystric Fluvisols) (Urushadze, Blum, 2014).

1.2.1.RED SOILS (FERRALIC, HAPLIC NITISOLS)
Red soils are characterized by red colors, clayization and usually by great soil depths. The soil profile
shows the following horizons: A-AB-B-BC-C.
In Georgia the total area of red soils is about 1% of the land surface (130.400 ha). These soils occur in the
south-western part of the humid subtropical zone (Adjara, Guria). They are also met in Samegrelo and
Abkhazia.
Red soils are distributed up to 100-300 m above sea level (a.s.l.) and occupy a hilly mountainous relief.
Soil forming rocks are represented by red color weathering products of effusive rocks (primarily andesite)
and their derivatives. The depth of the ground water table is 8-10m.
The climate is humid subtropical. The average annual temperature is of 13,7-15,10C. The temperature of
the coldest month, January, is 4,8-6,8 0C, while the warmest, August, is 21,9-24,50C. The duration of the
vegetation period is about eight months. The annual precipitation is 1.200-2.500mm. The minimum
precipitation occurs in spring. The sum of active temperature amounts to 3.500-4.700 0C.
The natural vegetation consists of a mixed subtropical forest, where we meet chestnut, oak, beech,
hornbeam and others. This forest is described as an evergreen type of forest. Nowadays, a great part of
this area is deforested and occupied by subtropical agriculture and tea plantations.
The red soils are characterized by acid reaction. Moreover, the pH significantly changes along the profile.
The content of humus is medium or high. The type of humus is fulvic. The base exchange capacity is low
or medium. Among exchangeable cations, as a rule, exchangeable hydrogen prevails. Red soils are
characterized by heavy clay loam, clay and heavy clay texture. These soils are impoverished by
sesquioxides. The mineral part of soils is characterized by ferrallitic weathering. Clay minerals are
kaolinite, halloysite, hematite and gibbsite. In red soils silicate iron predominates over the non-silicate.
Separate forms of iron oxides are more or less equally distributed in the profile.
The basic soil forming processes of these soils are: ferrallitization, clayization and humus formation.
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Fig. 4. Basic parameters of red soils.
The ferrallitization passes several stages. On the first stage of weathering during intensive hydrolysis of
the primary minerals and release of bases and free silica, the formation of montmorillonite takes place. At
the next stage of weathering, when the soil thickness increases and bases are lost, the soils become more
acid.
Partly the montmorillonite is lost by processes of denudation, while the remaining weathering material is
transformed in place. Finally, a solum with high clay content is formed.
The formation of red soils needs drainage and intensive leaching conditions, an intensive and long
weathering is necessary for the formation of these soils.
Therefore, these soils are met in humid tropics and subtropics, where processes of weathering and soil
formation have taken place continuously since the tertiary period under conditions of permanent high
temperature and humidity.
1.2.2. YELLOW SOILS (FERRIC LUVISOLS)
Yellow soils are characterized by yellow colors, clayization and usually by deep profiles. The soils show
the following horizons: A0-A-AB-B-BC-C.
In Georgia the total area of yellow soils covers 4,5% (317.600ha). These soils are widely distributed in
the humid subtropical zone of West Georgia in the mountainous hilly belt.
Yellow soils are formed under a humid subtropical climate. The average annual temperature ranges
between 13,7and 15,1 0C. The temperature of the coldest month, January, is 3,8-6,8 0C, of the warmest,
August, 19,3-24,5 0C. The duration of the vegetation period is eight months. The annual precipitation is
high ranging from 1.100 to 2.500 mm. However, its distribution throughout the year is not equal. The
minimum precipitation is in April, May and June, but with relatively high humidity (up to 80%).
Yellow soils are found on the old marine terraces and on bordering foothills.
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The soil forming rocks are acid and on the average weathered schists. On the terraces, these soils are
usually developed on clay deposits with a SiO2:AL2O3 ratio of 3,20.
However, also a ratio of SiO2:AL2O3 < 2,50 is possible. Soil forming rocks are characterized by
properties, which promote erosion and landslides. Generally, the area of yellow soils is restricted to the
distribution of rocks with the characteristics indicated above.
Natural vegetation consists of mixed subtropical forests (oaks, zelkova, chestnut, pterocarya, lime tree,
maple and others). Nowadays, large parts of this area are deforested and used for agricultural production.
Therefore, yellow soils are characterized by great depths, yellow colors and by a crumby structure.
The yellow soils are characterized by acid reaction. The content of humus ranges from 2% - 7%. With
depth, the content of humus sharply decreases. Humus is fulvic. The exchange complex is not base
saturated, but the saturation degree changes considerably from 4-7% up to 60-70%. The texture also
changes significantly with depth. The content of oxalate extractable iron is small.
According to the total chemical analysis the main oxides are unequally distributed with depth. In the silt
fraction the relation SiO2:R2O3 ranges from 1,95 to 2,7. what indicates ferralitic as well as siallitic
weathering.
In yellow soils the basic elementary soil forming processes are: ferrallization, clayization, humus
formation and gleyization.

Fig. 5. Basic parameters of yellow soils.
Yellow soils are characterized by a clear textural differentiation between the upper and the lower
horizons. The middle horizons contain silt and clay in contrast to the upper horizons thus indicating the
clay in these horizons. However, in most cases the increased clay content in the middle part of the profile
derives from its accumulation.
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The eluviation of clay and textural differentiation can be explained by the presence of an argillic horizon,
which is different from the upper horizon through a higher content of silt. In yellow soils there are

signs of ferric features.
The distribution and properties of yellow soils are determined by the influence of the parent
rocks. During the soil forming processes a mobilization of iron takes place parallel to the
formation of iron hydroxides. The latter determines the yellow color of the soils. The strong
hydroxide formation in yellow soils is determined by internal properties, especially by soil
structure and the water holding capacity.
1.2.3.BOG SOILS (DYSTRIC, EUTRIC GLEYSOLS, HISTOSOLS)
Bog and marshy organic soils are mainly found in the Kolkheti lowland (220.000ha). The latter
represents a triangle between Kobuleti, Ochamchire and Samtredia. Bog soils are sporadically
met in East and South Georgia.
Bog soils involve silt-bog (130.400 ha or 1,9% of the country) and organic (peat) bog soils
(70.600ha,1% of the territory) .
The climate of the Kolkheti lowland is warm and humid. The average annual temperature is
13,7-14,40C. The temperature of the coldest month, January, is 3,6-4,60C, of the warmest,
August, is 22,4-23,20C.The duration of the vegetation period is eight months. The annual
precipitation comes up to 1.157-1.757mm. The minimum precipitation is in spring, the maximum
in autumn and winter. The average annual relative humidity reaches 71-82%.
The Kolkheti lowland belongs to the plains formed by delta-accumulation. The central part
between the rivers forms a talweg, because the river banks are high. According to the literature,
the lowland was influenced by epirogenetic movements with long inundation phases.
The Kolkheti lowland is filled by alluvial material, which is composed of North Caucasus and
South Caucasus material of rock weathering. The deposits contain mostly carbonates, in the
upper stratum shared with predominant clay.
The main vegetation type is plain riparian forest, with accompanying water-bog and psamofilur
vegetation. The riparian forests are mainly composed by elder forests mixed with oak, ash and
hornbeam. In bogs, sedge is common.
Bog soils show great depth and are characterized by heavy texture with signs of gleyization.
Vegetation fabric and charcoal particles are observed. The elementary microstructure is
composed of sand dust-plasma. The skeleton is composed by small sand and large dust grains,
among them chlorites and ore minerals. The plasma predominates over skeleton and has a clay
and iron clay composition, with a noticeable degree of mosaic and fiber structure. Many small
(0.01-0.1mm) brown and cinnamonic iron oxides are visible.
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Mineral bog soils are characterized by weakly acid or neutral reaction, a high content of humus
and a heavy texture in all profiles, highly dispersive. Among the absorbed cations calcium
predominates on the exchange complex.
According to the overall chemical analysis the main oxides are distributed unequally, which
points out to their alluvial nature.
Bog soils are characterized by an increased content of different forms of iron. At the same time
an accumulation of amorphous iron oxides is found in the upper part of the profile, but well
crystallized oxides are in the depth.
The basic processes in bog soils are: gleyization, clayization, humus formation and peat
formation.

Fig. 6. Basic characteristics of bog soils.
The interpretations of the bog formation in the Kolkheti lowland differ greatly. The formation of bog is
connected with precipitation and superficial water from the rivers beds or bog processes are connected
with ground water and soil-ground water.

1.2.4. YELLOW PODZOLIC SOILS (STAGNIC, FERRIC ACRISOLS)
Yellow podzolic soils are characterized by sharply differentiated profiles with the following sequence of
horizons: A-A1A2-A2(g)-B1-B2-BC-C. The main diagnostic features of the soil are a well expressed
eluvial horizon, which is poor in silt and sesquioxides, and a yellow-brown illuvial horizon.
In Georgia the total area of yellow podzolic soils is 2% (137.600ha). These soils are distributed in the
humid subtropical zone of West Georgia from 30 to 200m a.s.l., mainly on small peripheral slopes of the
north-eastern part of the Kolkheti lowland, on old river terraces. The yellow podzolic soils board with
yellow soils and raw humus calcareous soils from one side and with yellow podzolic gleyic and boggy
soils from the other side.
Yellow podzolic soils are mainly formed on the old marine terraces. They are inclined towards the Black
Sea. The higher parts of the terraces are dissected and well drained. The lower parts of the terraces are
characterized by a reduced water permeability. Large areas of this soil exist on the old terraces of the
rivers Kodori, Enguri, Khobi, Rioni, Kvirila and others.
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The soil forming rocks are friable and, as a rule, of heterogenic character. For example, on low terraces of
the north-western part of Kolkheti we meet loamy sediments, which cover conglomerates, but in some
places also clay deposits. In the central and north-western foothills high terraces exist. Here we meet
tertiary clays and conglomerates. On the old terraces of the rivers heavy clays are distributed with lighter
deposits in deeper parts of the terraces.
The climate is humid, subtropical. The winters are warm (average temperature in January 4,4-6,8 0C) and
the summers hot(average temperature in July 22,5-24,5 0C).The average annual temperature varies
between 14 and 190C. The sum of “active” temperature amounts to 4.000-4.700 0C. The duration of the
vegetation period is eight months.250-290 days are free of frost. Once in 12-15 years temperature drops
abruptly. Under such conditions the subtropical vegetation dies. The precipitation is rather high, about
1.500mm, frequently with high intensity. In twenty four hours 100-150mm of precipitation are possible.
Such intensities of precipitation often cause soil erosion. In the past, the Kolkhetian type of forest existed
in this zone. Among timber trees (oak, zelkova, chestnut, persimmon, hornbeam, ash tree, etc) bushes
(sarsaparilla) and every green understory forests (box, cherry laurel, rhododendron) could be found. This
natural vegetation no longer exists as a result of deforestation and the transformation into pastures or
plantations of tea, citrus, tobacco and maize. The Kolkheti forests were preserved in form of fragmentary
patches.
Yellow podzolic soils are characterized by an acid reaction with a pH between 4,5 and 6,0. The eluvial
horizons show the highest acidity which decreases towards deeper layers. The content of humus is small
or medium. In the humus horizon the content of humus varies between 2,5 and 5,5%, in the low BC
horizon between 0,5 and 0,9%. The type of humus is fulvate with a ratio Ch:Cf of 0,3 to 0,9. The soils are
loamy and clayey.
According to the total chemical analysis the distribution of sesquioxides varies strongly. In the eluvial
horizon we observe an accumulation of silica and a low content of sesquioxides. In the deeper illuvial
horizon the content of silica decreases, while the sesquioxides increases.
In the silt fraction there is a sharp decrease of the content of silica and an increase of sesquioxides.
Moreover, the iron oxides are vertically equally distributed increasing with depth. In the silt fraction the
relation Si02:R203 is normally less than 2,5. One of the characteristic features is the presence of an
ortstein horizon, which causes a number of negative impacts.
In the silt fraction of this soil kaolinite is predominant, chlorite, halloysite, and some disperse crystalline
silica exist.
In the yellow podzolic soils the distribution of iron is characterized by two maxima, one in the upper and
one in the lowest horizon.
These yellow podzolic soils are characterized by an acid reaction (the lowest pH in the eluvial horizon), a
low to average content of humus (fulvatic type), low adsorption capacity, with an eluvial horizon poor in
silt and clay, an eluvial-illuvial distribution of the main oxides, with a surplus of non-silicate iron.
The basic soil forming processes of yellow podzolic soils are: podzolic, clay illuviation, allitization and
leaching.
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Fig. 7. Basic parameters of the yellow podzolic soils.
Yellow podzolic soils are distinguished from real podzols by their soil forming conditions (subtropical
climate, parent rocks rich in iron). As a result, in these soils a “real” podzolization or weathering of
primary and secondary minerals and its translocation in the profile does not take place. The profile of a
yellow podzolic soil is the result of so called “pseudopodzolic” processes, the leaching of thin particles,
mainly clay and surface gleyization. The process of “lessivage” determines the formation of soil layers
with impeded drainage. The soils are characterized by periods of high humidity and wet upper horizons
and by changes in redox conditions. During high humidity iron oxides (Fe203) become mobile in these
horizons. In dry periods, oxidation of Fe takes place as a result of aerobic conditions. Reduced iron
compounds are leached and accumulated in illuvial horizons. The iron, which remains in the upper
horizons, does not appear as oxides and therefore a yellowish-pale color develops. Recent investigations
prove that in yellow podzolic soils also “real” podsolization can take place.
1.2.5. YELLOW PODZOLIC GLEY SOILS (STAGNIC, FERRIC, GLEYIC ACRISOLS)
Yellow podzolic gley soils are characterized by sharply differentiated profiles with the following
sequence: A-A1A2-B1-B2-BC-CDg-G orA1A2-A2-A2B-BCg. The conditions of the formation of yellow
podzolic gley soils are closely related to those of the yellow podzolic soils, but are different regarding the
soil moisture regime. The total area of yellow podzolic gley soils is of 0,7% (14.200ha) of the territory of
the country. Yellow podzolic gley soils border on one side with yellow and raw humus calcareous soils
and with yellow podzolic and bog soils on the other side.
Yellow podzolic gley soils are distributed in the same area as yellow podzolic soils, but they occupy
lower parts of the relief.
Yellow podzolic gley soils are characterized by a sharply differentiated profile, with intensive gleyization,
with concretions in the whole profile.
Yellow podzolicn gley soils are characterized by an acid, neutral or weak alkaline reaction, moderate and
high content of humus, of fulvic type. Soils are base saturated or unsaturated. The reaction of the soil and
accordingly the base saturation and unsaturation is related to the chemistry of the ground water. The




Ϯϭ

texture is loamy and clayey. Humus and eluvial horizons are poor in silt and clay. According to the total
chemical analysis, the oxides are characterized by an eluvial-illuvial differentiation. The content of the
silicate iron usually predominates the non-silicate.
The basic soil forming processes of yellow podzolic gley soils are: gleyization, podzolisation,lessivage,
allitization and leaching.

Fig. 8. Basic parameters of the yellow podzolic gley soils.
The formation of the yellow podzolic gley soils is based on two main soil forming processes: the
formation of marsh and podzolization.
As a result of bog processes marsh gleyic horizons are formed and after podsolization podzolic and
ortstein horizons occur. The yellow podzolic gley soils are characterized by a peculiar hydrological
regime: in the rainy period the level of the ground water raises and the soil pores are filled with water.
Consequently, anaerobic processes take place, which determine the formation of a marsh gleyic horizon.
In the period of intensive precipitation, excess water is accumulated on the soil surface, hence gleyization
starts here. In dry periods the level of ground water is low, aerobic processes dominate in the upper soil
horizon. Based on these soil formation processes, podzolic and marsh gleyic horizons of different
intensities are formed.
1.2.6. YELLOW BROWN FOREST SOILS (STAGNIC, MOLLIC, HUMIC, FERRIC LUVISOLS)
Yellow brown forest soils are characterized by a well expressed humus and a yellowish brown illuvial
horizon. The soil profile usually has the following horizons: A-AB-B1-B2-C1-C2orA-B1-B2-C1-C2orAAB-B-B1B2-BC.The main diagnostic indexes are well expressed by humus and a yellowish brown B
horizon with allitic weathering and high iron oxide content.
In Georgia the total area of yellow brown forest soils amounts to 1,5% (106.000 ha).The yellow brown
soils are distributed in West Georgia between the yellow, red and brown forest soils of the subtropical belt
(in altitudes from 400-500m to 800-1.000m). It borders red, yellow, yellow podzolic, yellow podzolic
gleyic soils on one hand and brown forest soils on the other.
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The parent rocks of these soils are middle jurassic porphyrite, porphyr and effusive rocks (andesite’s,
andesite-basalt) and their derivate’s on old denudation surfaces.
The climate is subtropical humid. The winters are warm (average temperature in January from 0,7 to 3,2
0
C), with summers of an average temperature in July from 18,8 to 21,8 0C. The duration of the vegetation
period is six to seven months. The annual precipitation ranges from 1.035 mm to 2.108 mm.
The natural vegetation consists of mixed subtropical forests with chestnut forests, in which the Caucasian
hornbeam, the Hartvis oak, the Oriental maple and other trees exist. Evergreen understory subforest
vegetation (Cherr laurel, Caucasian rhododendron, Caucasian bilberry) is represented as well.
The yellow brown forest soils are characterized by the absence of litter as a result of its very quick
decomposition, with well expressed humus horizons with sandy structure, with a yellowish brown illuvial
horizon with crumby angular structure and the absence of silt.
Yellow brown soils are characterized by an insignificant silt fraction, acid reaction, the mobilization of
iron. This results in the formation of the metal organic complexes, fulvate weathering, limited mobility of
humus matter and in the depth by a noticeable increase of fulvic acids and an increase of non silicate iron
oxides.
The basic soil forming processes of yellow brown forest soils are: ferrallization, humus formation and
leaching.

Fig. 9. Basic parameters of yellow brown forest soils.
The formation of the yellow brown forest soil combines the formation of a brown forest soil and a yellow
soil. As a result, they have much in common. Finally, this combination of processes leads to new
properties.
In the formation of the yellow brown forest soil biological turnover processes are of particular
significance. This biological activity limits the podzolization process.
Through intensive weathering of primary minerals and the formation of secondary minerals different
sesquioxides are accumulated. As a result the weathering process corresponds to ferrallitization.
1.2.7. BROWN FOREST SOILS (HUMIC, FERRIC, EUTRIC, DYSTRIC CAMBISOLS)



Ϯϯ

Brown forest soils are characterized by a weakly differentiated profile, although sometimes as a result of
clay formation in the middle part of the profile a textural differentiation is visible. Consequently, a surface
gleyization may occur. The soil profile has the following horizons: A0 - A - Bm - C. The main diagnostic
feature is the metamorphic clay in the Bm horizon.
In Georgia brown forest soils are widely distributed. The total area amounts to 1.329.000 ha, which is
18,1% of the total territory.
Brown forest soils occur in East and West Georgia, as well as in South Georgia. In West Georgia they are
found between 800m (900m) up to 1.800m (2.000m), in East Georgia within 900m (1.000m) up to
1.900m (2.000m).
In the zone of brown forest soils phenomena of denudation in vertical and horizontal directions are
expressed. As a result of erosion and denudation processes the development of peneplains takes place.
Brown forest soils are mainly developed on slopes, which determine free intersoil drainage.
In West Georgia the formation of these soils occurs on tertiary sandstones and clay slates, clay deposits
and conglomerates. In the middle zone of the Great Caucasus chalk and jurassic limestones cover a large
area, forming a karstic limestone region.
In the other part of the territory, different crystalline and sedimentary rocks, granites, gneisses, paleocene
schists, jurassic and tertiary jurassic sandstones predominate.
The higher part of the mountain forest zone of Abkhazia, Svaneti and Upper Imereti is formed by granites
and gneisses. In the western part of the mountain forest zone of the Small Caucasus, effusive rocks and
also tertiary sandstones, chalky clays and clay slates occupy vast areas.
The geology of the mountain forest zone of East Georgia is characterized by jurassic sandstones, clay
slates and carbonatic clay slates. Volcanic formations are widely distributed in South Georgia.
The brown forest soil is developed under warm and moderately humid conditions. The temperature of
July is 16,8-21,8 0C, of January -2,1- -7,6 0C. The average annual temperature is 3,8-10,9 0C. The annual
precipitation fluctuates between 527mm and 1.737mm. The brown forest soils are formed under beech,
dark conifers, pine trees, oaks and other plant species.
Beech forests occupy the largest area and are the main type of vegetation. They form a separate natural
zone from 1.000-1.100m to 2.000-2.100m a.s.l. Dark coniferous forests are widely distributed in West
Georgia, but in East Georgia, they are met only in the western part between 900-1.000m up to 2.0002.150m a.s.l. Like beech forests, dark coniferous forests are characterized by an intense biological
circulation of nitrogen and calcium.
Pine forests are widely distributed and create big massifs on more or less isolated regions of the Great
Caucasus (Svaneti, Khevsureti, Mta-Tusheti) and also in regions with continental climate. Oak forests
have different species of oaks, among them the widely distributed Quercus iberica, which forms forest
massifs in East and West Georgia between 400 (500)m and 1.000 (1.100) m a.s.l.
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Brown forest soils are characterized by a comparatively young pedogenesis with a tendency to develop in
the direction of other soil types.
Brown forest soils are characterized by the following diagnostic indications: weak differentiation of the
genetic horizons (except brown forest podzolic), more or less with a monotonous brown color, presence
of well expressed litter cover, a weakly acid or acid reaction, clay formation in the whole profile, more or
less equal distribution of silica and sesquioxides (except brown forest podzolic), high content of mobile
forms of iron oxides, average and deep humification, fulvic type of humus, siallite type of mineral
weathering, in the silt fraction presence of hydromicas, montmorillonite and mica-montmorillonite mixed
layer silicates.
The basic soil forming processes of brown forest soils are: accumulation of the mull type of humus, clay
formation, lessivation (leaching).

Fig. 10. Basic parameters of brown forest soils.
The development of brown forest soils occur under the following ecological conditions: 1) broad
deciduous, coniferous broad deciduous or coniferous forests with well developed grass cover, which is
characterized by intensive biological turnover processes of N and Ca;2) the predominance of precipitation
over evaporation, which determines the leaching of water in the soils; 3) free inter soil drainage, which is
connected with the distribution of brown forest soils on slopes; 4) short seasonal frost (rarely) which
supports intensive weathering processes and the development of secondary minerals; 5) relatively young
soil formation due to a tendency of transitional formation of other soil types.
Based on these conditions brown forest soils develop the following basic processes: 1) humus formation
and humus accumulation, which determine the formation of a dark brown humus horizon beneath the
litter layer; 2) siallitic clay formation in the entire profile with insignificant transfer of weathering
products and formation of a clay dominated horizon under the humus horizon.
Soils formed through these processes usually show a monotonous brown profile, developed on drained
slopes. With increasing altitude, the quality of humification decreases.

1.2.8. BROWN FOREST BLACK SOILS (HAPLIC CHERNOZEMS)
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Brown forest black soils are characterized by a thick humus horizon with a humid water regime. The soil
profile usually has the following horizons: A0-A11-A111-A1111-BC2orA0-A11-A111-AC2. The
diagnostic features are a black brown (dark brown) color, large blocky structure (crumby-sandy in
horizon A11), comparatively friable structure with the absence of carbonates. The brown forest black
soils are distributed in the forest belt of the Small Caucasus from 1.100 to 1.600m. These soils border
with brown forest soils.
The parent rocks of the brown forest black soil are andesit-basalt on a flat relief inclined to the South.
Brown forest black soils are formed in a cold humid climate (cold summer and cold winter). The
temperature in the coldest month, January, is -2,2 0C, in the warmest month, July, it is 18,6 0C with an
annual average temperature of 8,0 0C. The sum of the active temperature equals to 2.200-2.500 0C. The
duration of the vegetation period is five months. The annual precipitation reaches 700mm with a
maximum in May and June.
The vegetation is characterized by Quercus macranthera. The density of the forest is low with an
intensive grass cover. Besides oaks also beeches and hornbeams are met.
Brown forest black soils are characterized by mighty black-brown (dark brown) humus horizons and a
crumby blocky structure.
They show a weakly acid reaction especially in the horizon A11.The content of organic matter is medium,
but in some cases high. The soil is deeply humified. In the low horizons the content of humus reaches still
1,20-1,79%. According to the content of organic matter humic and fulvic acids predominate with a
fraction Ch:Cf ratio of 0,72-0,98 throughout the profile which has a high base saturation 95-100% with
prevailing calcium.
The texture of the soil is heavy loam. According to the total chemical analysis the Fe203 content in the
lower part of the profile is increasing. The weathering type is siallitic.
In the brown forest black soils a high content (more than in brown forest soils) of non-silicate and
amorphous iron is observed with a high mobility of iron.
The basic soil forming processes of brown forest black soils are: humus formation, humus accumulation,
leaching, siallitization.
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Fig. 11. Basic parameters of brown forest black soils.
The genesis of these soils is directly connected with the chemistry of the parent rocks (andesite-basalt),
particularly with the high content of calcium. Therefore, the natural vegetation (QuercusmacrantheraF.et
M. and abundant grasses) is also rich in calcium. The intensive influence of the vegetation in biological
turnover processes is the reason for the organo-mineral composition of the soil and of the deep humus
horizons. The humid moisture regime excludes carbonate accumulation and supports the formation of
these soils.
1.2.9. RAW CARBONATE SOILS (RENDZIC LEPTOSOLS)
Raw carbonate soils are characterized by weakly differentiated profiles. The soil profiles usually have the
following horizons: A0-A-AB-BC. They are mainly formed in the forest zone on carbonate rocks (e.g.
limestone, marble, dolomite and chalky clay) and are characterized by a leaching or periodically leaching
moisture regime. The soil has a well expressed humus horizon with a high exchange capacity.
The total area of raw carbonate soils composes 4,5% (317.200ha) of the total area of the country.
These soils are broadly distributed in West Georgia, also in East Georgia, mostly in areas with limestone
and chalky clays. Apart from the mountain forest belt, raw carbonate soils are distributed in the humid
and the dry subtropical zone of the high mountains.
In the regions with carbonate rocks, we meet two main types of reliefs: glacial and karst. The first is
developed from old glaciers. This type represents a continuous belt in the high mountains of West
Georgia. A glacial relief is mainly found in corridors, circuses, trogs and karst. The karst relief is widely
distributed in West Georgia. The development of karst is connected with the structure of carbonate
systems. In Georgia two forms of karst phenomena can be distinguished: underground and surface karst.
Together with the karst processes in the Abkhazian foothills landslide phenomena occur, which form
landslide-karst.
In areas with raw carbonate soils the relief is erosive and characterized by denudation, denudationaccumulation and denudation landslide forms.
In the forest zone of Georgia the climate is moderately warm. The temperature in the coldest month is -14 °C, in the warmest 18-20 °C. The sum of the active temperature makes 2.000-3.500 0C.The total
precipitation reaches 1.400-1.600mm.
The vegetation mainly consists of oak hornbeam forests with different kinds of grasses. Cultivated areas
are used for vineyards, orchards, among them subtropical orchards , laurels and other perennial crops.
Raw carbonate soils are characterized by well expressed humus horizons, neutral or weakly alkaline
reaction, a moderate content of humus, a high base saturation and a clayey or loamy texture with
predominance of silicate iron.
The basic soil forming processes of these raw carbonate soils are: humus siallitization, humus formation
and structure formation.
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Fig. 12. Basic parameters of raw carbonate soils.
The parent rocks of the raw carbonate soils (limestone and chalky clay) contain the main oxides (SiO2,
AL2O3, Fe2O3) in insignificant quantities. Lithophyllic plants like lichens, mosses and others growing
on these rocks contain twice as much silica, seven times more AL203 and five times more Fe203 than the
rock itself. As a result of this biological accumulation of elements by the vegetation, the fine earth
becomes rich in the main oxides mainly through calciphyllic trees and grasses. This process has the
character of sod soil formation, which is caused by a highly selective absorption ability of the vegetation.
The vegetation residues are high in ash. The soils are characterized by an intensive accumulation of
humus. The intensive soil forming processes are mainly determined by the petrographic content of the
rocks and the relief conditions. The most intensive accumulation of humus occurs in soils which are
developed on limestone, less on dolomite and chalky clays. As a result of the evolution under the
influence of climatic conditions and the vegetation, these soils show transitional characteristics in
direction to rendzic brown forest soils and rendzic-cinnamonic soils.
1.2.10. GREY CINNAMONIC SOILS (CALCIC, VERTIC KASTANOZEMS)
The grey cinnamonic soils are characterized by less differentiated profiles which show the following
horizons: ACa-BmCa-BCam-BCCa. The main diagnostic features are low content of humus and
carbonates, in the middle part of the profile a well expressed clayization and presence of carbonates near
the surface.
In Georgia the total area of grey cinnamonic soils is 5,8% (402.000ha). These soils borders with
cinnamonic, black and meadow grey cinnamonic soils.
Grey cinnamonic soils are formed under the conditions of a moderate dry subtropical climate. The
temperature of the coldest month is 0-1 0C, the warmest 24-250C, with an average annual temperature of
12-13 0C. The duration of the vegetation period exceeds seven months (220 days).
The relief is characterized by plains, foothills and low mountains.
The soil forming rocks are proluvial, alluvial, eluvial deluvial sediments of different texture, mineralogy
and chemical composition. Sometimes these sediments are salty.
The vegetation is dry steppe, represented by Andropogon, Stipa, Artemisia and mixed grasses. The bush
vegetation is Paliurus spina-christi and Carpinus orientalis. Most of the territory is used for agriculture,
e.g. wheat, rye, maize and sunflower. Comparatively small areas are occupied by perennial crops,
orchards and vineyards; amongst melon and other vegetable crops we also meet geranium. A considerable
part of the territory is occupied by winter pastures.
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The formation of grey cinnamonic soils is considerably old.
Grey cinnamonic soils are characterized by in significant humification in the upper horizons, high
clayization of the whole soil profile with a maximum content of silt fractions in the middle part, a regular
distribution of the main oxides, base saturation, predominance of silicate iron over non silicate, a weak
alkaline or alkaline reaction, carbonatization of the whole profile and the presence of a well expressed
carbonate illuvial horizon.
The basic soil forming processes of grey cinnamonic soils are: humus formation, humus accumulation,
carbonatization and siallitization.

.
Fig. 13. Basic parameters of the grey cinnamonic soils.
Grey cinnamonic soils are divided into species according to the degree of solonchak formation and the
depth of soluble salts.
The properties of the grey cinnamonic soils are related to the bioclimatic conditions. The water regime of
this soil is non eluatial. The soil forming process fits into the conditions of an intensive deficit of moisture
for quite a long time.
As a result, vegetation residues and newly formed humus undergo intensive mineralization. The
peculiarities of the climatic conditions of the dry subtropics (high temperature in combination with a short
period of sufficient moisture) determine the internal soil weathering with accumulation of clay,
hydroxides of iron and carbonate. In the humid period, soil solutions (hydrocarbonates of calcium and
magnesium predominate) are leached, but in dry periods capillary rise occurs.
1.2.11. MEADOW GREY CINNAMONIC SOILS (HAPLIC, GLEYIC, VERTIC KASTANOZEMS)
The meadow grey cinnamonic soils are characterized by a non differentiated profile, and in comparison to
grey cinnamonic soils with a deeper profile, with gley signs in the entire profile and with an intensive
clayization. The soil profile usually has the following horizons: ACa(g) -BtCa(g)-BCat(g) -BCCag-Cg.
In Georgia the total area of meadow grey cinnamonic soils is 3,3% (228.800 ha). The meadow grey
cinnamonic soil is formed from grey cinnamonic soils in condition of increased moisture.
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Meadow grey cinnamonic soils are developed under moderate dry subtropical climatic conditions. The
temperature of the coldest month is 0-10C, the warmest 24-25 0C. The duration of the vegetation period
exceeds seven months (220 days). The sum of the active temperature is 4.000-4.500 0C. The average
annual precipitation is 300-500 mm with a maximum in spring and autumn (80%).
The relief consists of lowlands, foothills and low mountains.
The soil forming rocks are proluvial, alluvial, alluvial-deluvial sediments with different texture and
mineralogical and chemical characteristics. Sometimes the sediments are salty.
The vegetation is a dry steppe. A greater part of the territory is occupied by winter pastures.
The antropogenic factor (influence of irrigation) nowadays plays a significant role in the soil forming
process of the meadow grey cinnamonic soils which are comparatively old.
The meadow grey cinnamonic soils are characterized by a weak alkaline or alkaline reaction, a low
content of humus (in the humus horizon 2,5% C), but a deeply humified profile. Carbonates reach up to
the surface, but decrease with depth. The base saturation is high with a predominance of calcium. The soil
has a low to medium content of clays. In the middle and lower parts there are signs of clayization.
The basic soil forming processes of the meadow grey cinnamonic soils are: humus formation, humus
accumulation, carbonatization, siallitization and gleyization.

Fig. 14. Basic parameters of the meadow grey cinnamonic soils.
The meadow grey cinnamonic soils are formed under the conditions of specific types of water regime.
The hydrological conditions play a special role in the formation of these soils.
The meadow type of soil formation is supported, first of all, by the influence of the underground water. A
significant role is also attributed to anthropogenic factors.
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As a result of irrigation, surplus water in theunderground moves in a lateral direction, thus forming
ground water, which influences the soil formation process.

1.2.12. CINNAMONIC SOILS (CHROMIC, CALCARIC, HUMIC, EUTRIC CAMBISOLS)
Cinnamonic soils are characterized by a clear differentiation in colors, a negative water balance and a
distinct clayization process. The soil profile usually has the following horizons: A-B(Ca)-BC(BCCa)CCa. The main diagnostic characteristics are a horizon with clay formation and calcium-carbonates
throughout the profile.
In Georgia the total area of cinnamonic soils is 4,8% (311.600 ha). They are distributed in East Georgia in
the subtropical forest steppe mainly between 500m (700m) and 900m(1.3000m) a.s.l. .
Cinnamonic soils are formed under a dry subtropical climate with warm, almost snowless winters and hot,
dry summers. The average annual temperature ranges from 9,3– 12,5 0C. The duration of the vegetation
period is about seven months long. The sum of active temperature fluctuates between 2.800 and 3.800 0C
with an annual average precipitation between 300 and 800 mm.
The geology consists of paleogen sand clay and volcanogenic formations, but also conglomerates,
sandstones and limestones. Also volcanic rocks, porfyric tuffs, tuffa-breccias, lava flows, limestones and
pleistocene and oligocene sandstones and clays are found.
Due to the climate and parent rocks rich in bivalent cations, carbonate layers are developed.
However, the landscape is almost completely of antropogenic nature.
The vegetation consists of dry forests with predominant oaks. Besides Quercus iberica also Fraxinus
excelsior, Acer campestre, Pyrus caucasica, Carpinus caucasica, Carpinus orientalis, Ulmus foliacea,
Acer laetum are present and among the bushes: Crataegus orientalis, Mespilus germanica, Cornus
australis, Piracants coecinea and Evonymus verrucosa.
Cinnamonic soils are characterized by comparatively old soil formation.
Cinnamonic soils are characterized by a dark brown or cinnamonic color of the humus horizon, a thincrumby or sandy structure, weakly alkaline or neutral reaction, a medium content of humus and a deep
humification, carbonatization, clayization, considerable cation exchange capacity, no variation in the total
chemical content of the soil and the silt fraction, a surplus of silicate iron over non-silicate and a surplus
of montmorillonite and hydrous micas in the clay fraction.
The basic soil forming processes of cinnamonic soils are: ferrallization, humus formation, humus
accumulation, carbonatisation and siallitization.
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Fig. 15. Basic parameters of the cinnamonic soils.

The water and temperature regimes are determined by the peculiar bioclimatic rhythm of the
Mediterranean region, with hot and dry summers, intensive spring and weakly expressed autumn
vegetation (due to precipitation) with short and cold winter periods. These characteristics determine the
”two phase” soil formation process.
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Meadow cinnamonic soils are characterized by a weakly expressed differentiation of the profile, which is
deeper than in cinnamonic soils, in the entire profile or in its lower parts with signs of gleyization, with
weakly expressed carbonate-illuvial horizons. The soil profile has the following horizons: A-AB-B-BC-C
or A11-A111-B1-B2-BC.
In Georgia the total area of meadow cinnamonic soil is 1,9% (130.400 ha). They are formed in the
depressions of the areas of cinnamonic soils, which are influenced by increased ground, surface and
mixed waters.
Meadow cinnamonic soils are distributed in the subtropical steppe zone of Georgia. The climate is
moderately warm with annual temperatures between 9,9 and10,6 0C; in the coldest month, January, the
temperature falls to -16 0C, in the warmest, July, the temperature reaches 21,8 0C. The duration of the
vegetation period is six to seven months. The sum of the active temperature comes up to 2.800-3.8000C.
The content of precipitation fluctuates between 464-512mm with a humidity coefficient of 0,54-0,95.
The soil forming rocks are heavy textured alluvial and deluvial-proluvial sediments, sometimes up to
100m of depth. The upper layer is loamy, the natural vegetation are oak forests. Nowadays, greater parts
of the territory are under tillage, gardening and vineyards. This soil is normally irrigated.
Meadow cinnamonic soils are characterized by weak alkaline or alkaline reactions. The content of humus
in the arable horizon is low The soil profile is characterized by a deep humification. Despite of the fact
that meadow cinnamonic soils have a low or average clay content, they are characterized by a low sum of
exchangeable bases.
The basic soil forming processes of meadow cinnamonic soils are: humus formation, meadow formation,
siallitization and gleyization.

Fig 16. Basic parameters of the meadow cinnamonic soils.
The genesis of the meadow cinnamonic soils is connected with the evolution of the vegetation cover and
the anthropogenic influence. The cutting of the forest vegetation increased the level of the ground water
that in turn facilitated the meadowing process. The dark colors of the profile, a deep humification, a
weakly expressed neoformation of carbonates and the absence of a carbonate illuvial horizon are typical
for the meadowing process.
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1.2.14. BLACK SOILS (HAPLIC VERTISOLS)
Black soils (so called plain chernozems) are characterized by a clearly expressed differentiation, mighty
humus horizons, high compactness and clayey texture. The soil profile usually has the following
horizons: A-B(Ca)-BC(BCCa)-CCa. The main diagnostic characters are resin black color in the upper
part of the profile (usually with luster shine), carbonatization and clayization in the middle part.
In Georgia the total area of black soils is 3,9% (266.800 ha). These soils are distributed in the hill-plain
zone between mountains, in East Georgia.
The intermountainuous lowland zone of West Georgia, where black soils are distributed, was formed as
denudation-accumulation type or geomorphological type based on accumulation processes. On most of
the Mtkvari depressions, from the Suramo to the Shiraki hollow, also on the Alazani lowland, particularly
vast areas are occupied by denudation-accumulation types. The relief forms of the mountain lowland zone
are comparatively young, they belong to upper tertiary and quarternary periods. Here, deluvial-proluvial
sediments were widely distributed. Generally the deluvial-proluvial lowlands are typical for boundary
mountain zones and their formation is mainly based on temporary flows. In the zones of the black soils
slope terraces and range peneplains of the lowlands are met. Hypsometrically the slope terraces occur
between 650 and 750m a.s. l.. This type of lowlands was formed by mass movement in the quarternary
period. Large parts of the black soils are also developed in the range peneplain lowland. The range
peneplain lowland of outer Kakheti is between 700 and 1.000m a.s.l. In the area of the black soils
accumulative relief types are broadly developed, which appear in two forms: hollows and alluvial
lowlands.
The geology is based on sormat and agchagil-apsheron sediments. The rocks of the agchagil serie are
blue, blue-grey and grey-brown colored clays, which usually contain gypsum and are layered like schists.
In the middle part of the Big Shiraki depression white-grey gypsum and clay rich loamy sediments are
broardly distributed, which in the periphery change to carbonatic clay sediments, which contain large
crystals of gypsum. In the Small Shiraki, Shuamta, Zilchi area we mainly meet conglomerates and sandyclayey sediments.
The black soils are developed under dry subtropical climate with warm, almost snow free winters and hot,
dry summers. The temperature of the warmest month, June, is 22-23,9 0C. The sum of the active
temperature reaches 4.000 0C. The duration of the vegetation period is six to seven months. The annual
precipitation fluctuates between 400-600mm. The black soils are distributed in the dry subtropical steppe.
The black soils are characterized by a black color in the humus horizon, a carbonate illuviation horizon
with the maximum at 60-120cm of depth, clayization, clayey texture, homogeneous total chemical
composition of the bulk soil and the silt fraction, smectite, hydromicas and chlorite, a moderate content of
humus (humate type), weak alkaline reaction, in some cases accumulation of soluble salts and gypsum,
with signs of compactness.
The basic soil formation processes of black soils are: humus formation, humus accumulation, salinization,
carbonatization, siallitization and siltization.
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Fig. 17. Basic parameters of the black soils.
The formation of the black soils is connected with the evolution of alluvial plains, lakes and other forms
of depression in the late tertiary period, when large areas fell dry and the level of ground water became
much lower. As a result the forest steppe vegetation became dominant. However, the formation of the
black soils in the lake depression (Shiraki) was quite different. At the beginning of the quaternary period,
as a result of the melting of glaciers the depressions were flooded and the water free areas were occupied
by moist meadows. With this, the forest steppe vegetation became dominant. In the Outward Kakheti
region in less arid conditions black soils developed, but in the most arid areas the grey-cinnamonic soils.
The main characteristics of the black soils (strong clayization, little humification and high CEC) were
caused by the influence of a subtropical climate.
The black soils passed a hydromorphic stage of development, during which the accumulation of the
organic matter and weathering processes took place. Later, the soil developed under automorphic
conditions accompanied by an alteration of moisture and weathering conditions. Long and intensive
agricultural use provoke a considerable loss of humus in the upper parts of the soils with little changes in
the lower parts.
1.2.15. CHERNOZEMS (VORONIC, CALCIC CHERNOZEMS)
Chernozems (so called mountain chernozems) are characterized by a thick humus horizon. The soil
profile usually has the following horizons: A11-A111-AB-BC. In Georgia the total area of chernozems is
1,4% (99.200 ha). These soils are distributed in the southern mountainous regions between1.200-1.900m
a.s.l.
Most of the chernozems of South Georgia were developed on the volcanic plateau, which is of flat nature.
The central part of this region is occupied by two volcanic mountain massifs.
The chernozem belts are characterized by a cold climate. The average annual temperature is 5,9 0C. The
duration of the vegetation period is five months and the precipitation is 343-746mm. The vegetation is
mainly meadow-steppe type and involves the following groups: Andropogon, Stipa, Grain-mixtgerbosum,
Carex.
Chernozems are characterized by a clayey or heavy loamy texture. The content of the silt fraction in the
upper part of the profile is evenly distributed and decreases with depth. The content of humus is high and
reaches in some cases 10%. Chernozems are characterized by a weakly acid, neutral or weakly alkaline
reaction. They are base saturated. Calcium is the most abundant exchangeable cation.
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Chernozems are characterized by the following soil formation processes: humus formation, humus
accumulation and siallitization.

Fig. 18. Basic parameters of chernozems.
Mountain chernozems belong to chernozems. They are characterized by the presence of a voronic
horizon. All chernozems have a mollic A-horizon by definition. Specific character of voronic, in
comparison with mollic, is expressed in the higher content of Corg and a darker color and a depth of more
than 35cm.
The classifier calcic means the accumulation of secondary carbonates from the soil surface until a depth
of 100cm. SecondaryCaCO3in the lower part of chernozems is found in diffusive forms (as thin particle),
or as pseudo mycel.
1.2.16. MOUNTAIN FOREST MEADOW SOILS (HAPLIC UMBRISOLS)
Mountain forest meadow soils are characterized by a non differentiated profile, intensive and deep
humification, small to average depth and strong leaching. The soil profile usually has the following
structure: A0-At-B-BC orA0-AB-BC orA0-A-AB-CD. The total area of these soils distribution is 492.000
ha, which are 7,2% of the territory.
Mountain forest meadow soils are broadly distributed in the subalpine zone of the Caucasian and
Transcaucasian southern mountains from 1.800 (2.000)m to 2.000 (2.200)m a.s.l..
Mountain forest meadow soils border with mountain meadow and brown forest soils.
Mountain forest meadow soils are formed in the subalpine zone with short cool summers and severe long
winters. The average annual temperature is 3,2 to 4,1 0C.
The winter is cold with much snow (190 days). The average annual precipitation ranges between 605 and
1.675mm.
In the area of the subalpine forest dominates a high-mountain erosive-denudative relief with additional
influence of former glaciation. Some relief forms were created by quaternary volcanism. Erosive gorges
show steep slopes.
Among the mountain forests of Georgia the subalpine forest occupies the highest positions up to the
vegetation border. Due to unfavourable ecological conditions subalpine forests show specific species with
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specific structure and form of the vegetation (Makhatadze, Urushadze, 1972) characterized by twisted
trunks, low forest and bushes.
It involves beeches, maples, oaks, pines, fir trees and silver firs, also rhododendron, azaleas and junipers.
The subalpine forest is characterized by a limited growth, and as rule low productivity. Moreover, these
forests protect tall forests and agricultural land, in lower positions as well as populated areas against
mountain torrents, landslides, winds and snowfall and regulate the water regime.
Due to the wide distribution of denudation processes, mountain forest meadow soils are comparatively
young.
The mountain forest meadow soils are characterized by a non-differentiated profile, dark-brown humus
horizons and brown-rusty color, acid reaction in the entire profile, more or less uniform distribution of
different oxides, low degree of base saturation, high and deep humification, and of clay minerals which
indicate low weathering, rich in mobile forms of iron.
The basic soil forming processes of mountain forest meadow soils are: humus siallitization and humus
formation.

Fig. 19. Basic parameters of the mountain forest meadow soils.
The mountain forest meadow soils are formed under rather extreme climatic conditions. As a result the
soil forming process is slow. The soils are not well developed, skeleton with clay minerals that are close
to the unweathered rock. In this case the influence of the rock on soil properties should be significant, but
in reality it is not, because the soils are mainly formed on transported rock weathering materials. The
increased content of rock fragments makes the podzolic process less expressive. Generally the mountain
forest meadow soils are young soils.
1.2.17. MOUNTAIN-MEADOW SOILS (HYPERDISTRIC UMBRISOLS)
Mountain meadow soils are characterized by non differentiated profiles. The soil profile usually has the
following horizons: At-A-B-BC. The main diagnostically signs are a well-expressed humus horizon over
a small weathering horizon.
In Georgia mountain meadow soils are absolutely dominant. Their total area is 1.758.200 ha, which is
25,1% of the territory.
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Mountain meadow soils are widely distributed in subalpine and alpine zones of the Caucasus and the
Transcaucasia southern mountains, at 1.800 (2.000)m to 3.200 (3.500)m a.s.l. The hypsometric limits of
their distribution change according to the distance between the mountains and the sea, the physicogeographic conditions of specific mountain massifs and the farming influence of man. In the Great
Caucasus the hypsometic distribution amplitude of this soil is over 1.300m, and more than in the
Transcaucasian southern mountains.
Mountain meadow soils border with raw soils of the subalpine and alpine belts, mountain meadow
chernozemlike and mountain forest meadow soils of the subalpine belt.
The territory of the upper forest belt (above 1.900-2.000m) belongs to the high mountain zone, i.e. areas
without trees and bushes (except Rhodondron). Besides, from 1.900m (2.000m) to 2.800m a.s.l., there is
the subalpine zone from 2.800m to 3.200 m the alpine, and higher up the nival zone.
The mountain meadow soils are formed under extreme climatic conditions, which are characterized by
long winters (with long snow cover) and cool summers. The period without frost lasts 3-5 months. The
period of vegetation growth is 3-4 months. The average temperature of January fluctuates between -12 0C
and -5,2 0C. The average annual precipitation is 718-1.503mm. This cold climate of the high mountains
supports an intensive weathering of the rocks and this leads to an accumulation of a great number of rock
fragments on the soil surface.
The relief of the high mountains reflects the influence of vertical zones. In the zone of the upper range an
erosion-denudation relief predominates, in which forms of frost phenomena predominate. The geological
structure of the high mountains is rather complex. In West Georgia there are crystalline schists, crystalline
silica schists and crystalline diorites and clay stones, in East Georgian high mountains is characterized by
clay-schists and sandstones. In the High Caucasus we can find more sediments. In the mountain meadow
zone of the South Caucasus andesites, porfyrites, trachytes and also syenites and introzonal eruptive rocks
are found.
The vegetation of the high mountains is characterized by a sharply expressed zonality. The vegetation of
the subalpine belts is quite inhomogeneous. They unite both meadow and meadow-steppe types of
vegetation including subalpine forests. The subalpine vegetation conditionally includes secondary
meadows which are formed at the upper forest boarder as a result of forest cuttings.
In the alpine belt two types of vegetation predominate – alpine carpet, turf forming grasses with elements
of mixed grasses and grass vegetation. As a result denudation processes in mountain meadow soils are
comparatively young.
The mountain meadow soils are characterized by an average or little depth, turf material of the surface,
loamy or clayey texture, mainly acid or weakly acid reaction, with high and deep humification, with a low
or average base saturation, an unequal distribution of mineral fractions and total oxides, and show a
siallitic type of weathering. In the clay fraction hydromicas and chlorites predominate, fulvate and
humate-fulvate type of humus, an increasing content of silicate iron with depth.
The basic soil forming processes of mountain forest meadow soils are: siallitization and humus formation.
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Fig. 20. Basic parameters of the mountain meadow soils.
Mountain meadow soils are mainly formed by the weathering products of compact rocks and occupy all
positions of the upper parts of the mountains and slopes.
1.2.18. MOUNTAIN MEADOW CHERNOZEMS (PHAEOZEMS)
Mountain meadow chernozems are characterized by an undifferentiated profile and a mighty humus
horizon. The soil profile usually has the following horizons: A11-A111-BC or A11-A111-B-BC. Its main
diagnostic signs are well expressed by mighty humus horizons.
In Georgia these soils occupy 109.600 ha, which is 1,6% of the territory.
Mountain meadow chernozems are distributed in South Georgia in subalpine and alpine zones above
1.800 (2.000)m of altitude.
Mountain meadow chernozems are developed in high mountain zones under alpine and subalpine steppe
meadows or meadow steppes. The relief is characterized by a volcanic plateau.
The climate is cold with short, cool summers and long severe winters. The average annual temperature is
3,2 0C. The duration of the vegetation period is four months. The period without frost makes one to two
months. The average annual precipitation is 605 mm.
In the meadow vegetation Festuca and Carex predominate.
Mountain meadow chernozems are characterized by weakly acid reaction, high content of humus and
deep humification, humate type of humus, high base saturation, weakly desaturated, loam and clay
texture, increased content of silt fraction, hydromicas are predominant as clay minerals.
The basic elementary soil forming processes of mountain meadow chernozems are: humus siallitization,
humus formation, sod formation and structuring.

Fig. 21. Basic parameters of the mountain meadow chernozems.
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The mountain meadow chernozem is formed on basic rocks, which mainly define the formation of the
humate humus and the increased content of the II fraction of humic acids which are connected with
calcium.
This determines not only the dark color of the profile, but also the compact grain structure. The
petrographic content of the rocks influences not only the accumulation of humus and some other
properties, but also the type of the vegetation cover. All these characteristics resemble to chernozems
without free carbonates.

1.2.19. ANDOSOLS (ANDOSOLS)
Andosols are characterized by a dark color of the upper horizon, a loamy texture, friable construction and
a fine pie-like or lump structure.
Andosols are characterized by the following horizons: A11-A111-BC1-BC2 or A11-A111-B1-B2-BC or A-BBC1-BC2 or A-AB-B1-B2-BC or A11-A111-C-CD. They are mainly characterized by a dark or very dark
cinnamonic (10 YR 2,5/1,5; 10 YR 2,5/2)color of the humus horizon, well expressed grain-lump or thingrain structure, a friable construction and a loamy texture.
Generally the area of andosols coincides with the area of volcanic rocks. The soils which are formed on
volcanic rocks must have andic and/or vitric properties (World Reference Base for Soil Resources,2006).
In Georgia these soils are distributed on the Javakheti upland, the Adjara-Trialeti range (in the environs of
the Goderdzi pass), and the Borjomi gorge and its environs.
Javakheti upland belongs to the central volcanic, vast and geomorphologically complex region. It is
mainly built of dolorite, andesic basalt and lake alluvial sediments. In the central part of the AdjaraTrialeti depot system (range), which borders the northern volcanic region of Georgia, there are paleocenelower eocene volcanic-sedimentary deposits, so called Borjomi flysh, which involves the neogenanthropogene age volcanic and volcanic-sedimentary deposit formations. Volcanic products of the
neogen-antropogene are andesites, andesite-basalts, basalts, dolorites, obsidians. Volcanic ashes and
volcanic sands are also observed.
The are of andosols are characterized by a moderately dry continental climate. The winter is cold,
comparatively dry, while the summer is long and cool. The average annual temperature fluctuates within
3,9-7,8 0C. The amount of the annual precipitation reaches 533-698 mm
The vegetation cover is mainly mountain steppe and a transition to meadow vegetation.
Andosols are characterized by acid reaction, loamy texture and a content of silt>10%, high content of
humus and deep humification, high base saturation; within the absorbed bases Ca predominates over Mg.
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Fig. 22. Basic parameters of Andosols.
The basic elementary soil forming processes of andosols are: humus accumulation, humus formation,
siallitization.
Andosols are formed mountainous areas within a broad range of thermic conditions, under different
vegetation (Duchaufour, 2004).
1.2.20. SALINE SOILS (VERTIC SOLONCHAKS, MOLLIC SOLONETZ)
Saline soils unite solonchaks and solonetz. Solonchaks contain soluble salts until the surface, solonetz
only at different depths of the low horizons.
The total area of the saline soils is 1,6% (112.600 ha). These soils are widely distributed on the plains of
East Georgia.
The climate is dry subtropical with hot summers and warm, almost snowless winters. The average annual
temperature is 12,1-12,5 0C. The duration of the vegetation period is seven months. The amount of the
annual precipitation is 380- 600mm,
The relief is characterized by intermountain depressions with alluvial plains and young natural lakes with
water accumulation. Solochaks are mainly distributed in depressions, but solonetz on comparatively old
elevations. According to the development of the relief the formation level ground water is high, which
significantly influences the soil.
The vegetation is mainly Artemisia and Andropogon.
Saline soils are divided into two groups: 1) solonchaks and 2) solonetz. Solonchaks are characterized by a
high content of soluble salts, but solonetz are characterized by absorbed sodium and alkaline reaction.
Solonchaks are characterized by heavy texture, mainly clays. In the absorbed cations predominates
calcium, but sodium and magnesium are present in a sufficient quantity. The content of humus is low and
decreases sharply with depth. Solonetz are also characterized by heavy texture.
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Fig. 23. Basic parameters of saline soils.
1.2.21. ALLUVIAL SOILS (GLEYIC, EUTRIC, DYSTRIC FLUVISOLS)
Alluvial soils are characterized by regular flooding and the sedimentation of new alluvial layers. This soil
is characterized by various hydrological regimes, constructions and properties. Its properties are mainly
determined by the nature of the basin, where these soils are developed. The soil profile usually has the
following structure: A-BC-C-CD.
In Georgia the total area of alluvial soil is 351.400 ha (5,0%). They are formed on the whole territory of
Georgia in different zones.
Alluvial soils are formed in different natural regions and in each specific case they are characterized by
the climate of this area. The alluvial material on which these soils are developed is also rather diverse.
The natural vegetation is a flood vegetation. Great areas of alluvial soils are under different agricultural
cropping.
Alluvial soils are characterized by acid, neutral and alkali reactions depending on the basin in which they
are formed. The content of humus is average or low, the soil profile is deeply humified, the content of
nitrogen is high or average, but the base saturation is low or average. The layered structure of this soil
(first of all according to texture) is one of the diagnostic signs because the main oxides are more or less
equal in the soil matrix and in the clay fraction.
The basic soil forming processes of alluvial soils are humus formation, meadow formation and
gleyization.
Alluvial soils differ from zonal soils by more weakly developed profiles, layered structure, signs of
gleyization.
Alluvial sod saturated layered-primitive soils are characterized by well expressed strongly layered soil
forming alluvions with weak humus accumulation. In the soil profile are marked or weakly expressed sod
formations.
The alluvial sod saturated layered soils are characterized by well expressed layering of the soil forming
alluvions. The Humus horizon is well expressed. The soil often has carbonate with signs of gleyization.
Alluvial sod saturated ordinary soils are characterized by weakly expressed layering and a mighty humus
horizon.
Alluvial soils are formed as a result of two main processes: zonal soil forming and alluvial plains. Far
from river beds zonal processes are strengthened, but near to it, on the contrary, they are weakened.
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11 - Chernozems (Voronic, Calcik Chernozems), 12 - Red (Ferralic, Haplic Nitisols), 13 - Bog (Dystric,
Eutric Gleysols, Histosols), 14 – Grey Cinnamonic (Calcic, Vertic Kastanozems), 15 – Mountain Forest
Meadow (Haplic Ubrisols), 16 – Mountain Meadow Chernozems (Phaeozems), 17 – Yellow Podzolic
Gley (Stagnic, Ferric, Gleyic Acrisols), 18 – Meadow Grey Cinnamonic (Haplic, Gleyic, Vertic
Kastanozems), 19 - Saline (Vertic Solonchaks, Mollic Solonetz), 20 - Brown Forest Black (Haplic
Chernozems).
*The areas of andosols are not yet defined.

CHAPTER 2. SOURCES OF SOIL POLLUTION WITH HEAVY METALS
Heavy metals, as a special group of elements, in the chemistry of soils are excreted because of the toxic
effect exerted on plants at their high concentration. There is no single-valued definition of heavy metals.
In the Explanatory Dictionary of Soil Science (1975) and in the later edition of Dictionary on the general
and soil ecology, geography and classification of soils (Bolshakov et al., 2004) there are no articles
devoted to this most important ecological concept.
The most common definition of heavy metals, as elements with an atomic mass greater than 50 (Orlov,
1985). But lists of heavy metals vary. The quantity of heavy metals is usually not specified: they write
vaguely "more than 40 chemical elements" (Orlov et al, 2002). Although a list of 19 elements is cited: Cr,
Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, Mo, Cd, Sn, Sb, Te, W, Hg, Tl, Pb, Bi (Orlov et al. 2002). In this list of
metals there is no barium, latanides, uranium, and there is antimony, which is a metalloid. Soil scientists
usually include in this list arsenic, which is also a metalloid (Sadovnikova, Zyryn, 1985; Il'in, Syso,
2001). It is advisable to join heavy metals to heavy metalloids (semimetals).
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We consider the periodic system of Mendeleev elements. In soil chemistry, it is still used in a form where
the elements are divided into 8 groups (Orlov, 1985, Orlov et al., 2005). In this scheme, it is inconvenient
to graphically separate metals from metalloids, since they do not form a compact group. In the modern
version of the periodic system, elements are already divided into 18 groups (Greenwood, Ernsho, 2008).
In particular, the 17th group of halogens is isolated, and in the 15th and 16th groups, the metalloid
elements are adjacent. This form of the periodic system is more visible, it is more convenient to use it for
graphically differentiating elements by their properties.
The group of natural heavy metals and metalloids will include all elements, starting with vanadium, with
DWRPLF QXPEHU =  HTXDO WR  Lɟ DOO WKH HOHPHQWV RI WKH SHULRGLF WDEOH XS WR XUDQLXP H[FOXGLQJ WKH
halogens forming the 17th group and noble gases forming the 18th group and not belonging to the class of
heavy metals and metalloids, as well as metals not containing stable isotopes.
Owing to apparent evidence, the term "soil contamination" is usually not explained. In the Explanatory
Dictionary on Soil Science (1975) there are no articles called "soil contamination". In the textbook
"Environmental monitoring of soils," soil pollution is defined as "anthropogenic soil degradation, where
the content of chemicals of anthropogenic origin exceeds the regional background level" (Motuzova,
Bezuglova, 2007).
With the restriction of the concept of "soil contamination" with the participation of anthropogenic
substances, large areas of soils located on the territory of positive natural geochemical anomalies fall out
of the attention of soil scientists and ecologists, the agricultural use of which, in some cases, is dangerous
for animals and humans. Meanwhile, the concept of "soil contamination" abroad is considered much more
widely. To designate a pollutant, two words are used: pollutant and contaminant, and the meaning of the
second term is broader. With his participation, two different concepts are denoted: "anthropogenic
contaminant" is an anthropogenic pollutant and "natural contaminant" is a natural contaminant (Brown et
al., 1999). Accordingly, anthropogenic and natural pollution are distinguished.
In the future, we will consider both anthropogenic (well-studied) and natural (little-studied) sources of
pollution.
2.1. GLOBAL AND REGIONAL SOIL POLLUTION
It is necessary to distinguish the types of soil contamination with heavy metals: global, regional and local
(impacted).
Global pollution is not permanent, it changes markedly with time. The dynamics of global pollution are
studied in different ways. To do this, often used samples of snow or peat, dated with isotopes.
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Fig. 27. Natural and anthropogenic sources of soil pollution.
After active discussion by the scientific community of the problem of increasing the scale of
environmental pollution with heavy metals in Stockholm in 1972, the UN session developed the final
materials that contributed to a general reduction in the contamination of the biosphere. In 1991, the
journal Nature published an article under the distinctive title "Reduction of anthropogenic Pb, Cd and Zn
in Greenland snow after the 1960s" (Boutron et al., 1991). For two decades, judging by the composition
of Greenland snow, the content of Pb in the atmosphere and the troposphere of the Northern Hemisphere
decreased 7.5 times, and Cd and Zn - 2.5 times.
These results are consistent with the data of the Typhoon Scientific Production Association on halting the
growth of heavy metals in soils of 20 km of zones around Russian cities in the last 5 years (Babkina et al.,
2004). The global decline in pollution is caused by the closure of enterprises with outdated technology
and the construction of environmentally friendly plants.
Regional pollution is analyzed by changes in the composition of river, lake or marine sediments, which
are formed by washing away the rain and melted waters of thin soil particles. In the sediments of rivers,
lakes and coastal parts of the seas, the content of heavy metals is determined. According to the analysis of
the content of metals in the silts of the Rhine flowing through the industrial regions of Western Europe,
from the end of the XVII century. By 1975, chromium concentration increased 9 times, copper and lead 13, zinc - 19, mercury - 50 and cadmium - 100 times (Dobrovolsky, 2003). The results of the tightening
of national environmental laws have not slowed down. Already in the early 80-ies, high levels of metals
in the bottom sediments of rivers and lakes significantly decreased.
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Aerial emissions. The most dangerous sources of local pollution by heavy metals are powerful industrial
facilities that have not undergone reconstruction. In Europe, where the technical revolution began earlier
than in Russia, soil contamination with heavy metals occurred earlier. Since the second half of the
nineteenth century, a huge amount of metal pollutants has landed in the soil of Western Europe. By 1996,
France had identified several hundred individual sites heavily contaminated with metals (Manceau et al.,
2000). In Europe in recent decades, many plants with obsolete technology are being modernized or
closed. Thus, in 1963, a factory for the smelting of zinc and lead, which had been working since 1906,
was liquidated in Morte de Nord (northern France). At another metallurgical plant in the same region in
1970, filters were installed that reduced dust emissions from several tons to 300 kg per day. But the soil
for many years, which absorbed a large number of pollutants, require study and reclamation.
In Russia, among the most polluted cities are Monchegorsk, Revda, Belovo, Dalnegorsk and others
(Bolshakov et al., 1993). To the regions with an unfavorable sanitary condition due to heavy metal
pollution belongs the Kola Peninsula (Orlov et al., 2002). Here the contribution to pollution was brought
by the enterprises of ferrous and nonferrous metallurgy, power and manufacture of mineral fertilizers.
The area of local geochemical anomalies is one and tens of kilometers. A technogenic geochemical
anomaly, formed as a result of prolonged aerial discharges of the Cherepovets metallurgical plant
(Vodyanitsky et al., 1995) is characteristic. A special group of anomalies are formed by the soils of the
floodplain of industrially polluted rivers (Vodyanitsky et al., 2004).
A powerful copper-nickel anomaly arose near Norilsk under the influence of the aerial emissions of the
Norilsk Nickel plant (Vodyanitsky, Plekhanova et al., 2011). A lifeless zone (due to arsenic, copper,
barium and other dangerous elements) was formed near the town of Revda, where the Sredneuralsky
copper smelter operates (Vodyanitsky, 2011).
Aerially contaminated soils have been preserved in the European Union, the United States, Canada,
Australia. In recent years, soil pollution in China has increased rapidly. Near one steel plant in China, the
content of copper and lead in soils increased 3.6 times, arsenic - 16 times (Pan, 1984).
At present, Russia is working on cleaning air emissions from stationary sources. The obsolete
pyrometallurgical technology is replaced, modern filters are installed. As a consequence, in recent years,
aerial emissions have sharply decreased. For example, if in 1980 the Sredneuralsky copper-smelting plant
threw out 205 thousand tons, in 1989 - 141 thousand tons, and in 2004 - only 25 thousand tons
(Kaygorodova, Smirnov, 2007). For 26 years, air emissions from the Kursk battery factory have
decreased so much that the amount of man-made nickel has decreased 23 times, cadmium - 180 times).
Due to reconstruction, the aerial emissions of the Severonickel Combine decreased (Opekunova,
Elsukova, 2007). Thus, with the exception of some objects, still polluting the soil by air, the areas around
many plants were contaminated in past years. This applies to Russia and to an even greater extent the
countries of the EU, the USA, Canada. But in Asian industrial countries, aerial emissions remain high:
this refers to Kazakhstan (Akhanov, Tomina, 2004, Panin et al., 2007) and China (Wang et al., 2001). In
eastern Kazakhstan, in the zone of influence of the Ust-Kamenogorsk and Irtysh industrial centers in
carrots, aubergines, beets, potatoes, the content of Cd, Cu, Zn exceeds the MAC by 5-10 times (Panin et
al., 2007).
Hydrogen pollution. Fighting this pollution is more difficult and expensive. Thus, in 2007, 95% of aerial
pollutants were detained on filters in the Irkutsk Region, and over 1 billion m3 of waste water were
discharged into surface waters, of which 78% are not completely purified (State Report ..., 2008). Among
the hydrogenated pollutants, dangerous compounds of copper and mercury prevailed. Such a ratio in the
degree of cleaning air and water waste is typical for other regions of Russia, although in recent years the
cost of wastewater treatment in two exceeds the cost of air purification (Shoba et al., 2010). Unlike aerial,
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the hydrogenous pollution of soils and sediments is modern and most active. In many respects it concerns
soils of agricultural purpose.
A number of studies have established that the hydrogen pollution of alluvial soils with untreated sewage
can be very intense (Varava, 2010; Vodyanitsky, Vasiliev et al., 2010). Precipitation and alluvial soils
become a source of prolonged water pollution even after the discharge of untreated wastewater into the
river ceases.
Uncleaned wastewater used for irrigation in arid countries strongly pollutes the soil (Al-Nakshabandi et
al., 1997). This pollution acquired large dimensions during the industrialization of China. Heavy metals
(especially Cd and Hg) polluted soils in many provinces of the east of the country (Xu et al., 1988). More
than 10 thousand hectares of arable land are polluted with cadmium, on which up to 50 thousand tons of
rice are grown. Over the 20 years from 1960 to 1980, On lands contaminated with Hg (more than 32
thousand hectares), 195 thousand tons of contaminated rice were produced annually (Wang, Li, 1999). In
addition, due to a decrease in yields in these areas, more than 12 million tons of grain are lost annually.
In China, the quality of soils has deteriorated due to the uncontrolled irrigation of sewage mine water
(Wang, Li, 1999). In the arable soil, irrigated by such water, the content of a number of dangerous heavy
metals has increased. The amount of Cu increased from 31 to 133 mg / kg, Cd from 0.37 to 12.1 mg / kg
(Wang et al., 2001; Wang, Li, 1999). Especially the difficult situation was near Shenyang, where 2,500
hectares of arable land are irrigated with wastewater. Due to this, the content of Cd in the soil increased
from 0.2 to 1.0-4.1 mg / kg, Hg from 0.05 to 1.4-1.7 mg / kg (Wang et al., 2001). In these places, people
consume 558 mg of Cd daily, compared to 17.6 mg of Cd in other, clean regions of the country (Wang et
al., 2001). The content of cadmium in pig meat, because of their consumption of contaminated food, is
higher than control by 8-460 times (Zhou, 1987).
This problem is also urgent for agricultural alluvial soils in the European part of Russia (Mazhaysky et
al., 2008). The discharge of incompletely treated industrial and municipal wastewater, the flow of
drainage from agricultural lands led to the pollution of rivers, water bodies and irrigated land. The
increase in the content of nickel and arsenic in the plow horizon of irrigated fields in the Saratov region is
explained by dirty water near cities with developed industry (Pronko et al., 2007). Water pollution affects
the composition of river silt. Very heavily polluted silt on the bottom of the river. Pakhra is lower than
Podolsk, a large industrial center of the Moscow region: silt content of Hg and Cd reaches 3.7-3.9 mg / kg
(Akhtyamova, Yanin, 2006). Contamination affected and very large rivers. The Ob's water spreads
pollution to vast areas with floodplain soils (Nechaeva, 2007).
Due to industrial wastewater entering small rivers flowing through the city of Perm, alluvial soils are
heavily polluted. The content of chromium in the soil of the floodplain of the river. Egoshikha is 400-500
mg / kg, and in the flood plain of the river. Danilich is 600-1400 mg / kg. While in the soil of the
floodplain a cleaner river. Yves contain ~ 200 mg Cr / kg, and in sod-podzolic soils 30 km to the northwest of Perm on average only 80 mg Cr / kg (Vodyanitsky, Vasiliev, Vlasov, 2008).
Particularly significant accumulation of heavy metals / metalloids in Fe-Mn ortshteynah and Feroorenstein. In the Rorensteins the nickel content reaches 440 mg / kg, copper 230 mg / kg, chromium
600 mg / kg, arsenic 43 mg / kg; and in the barium ortstein it contains 2800 mg / kg (Vodyanitsky,
Vasiliev, Vlasov, 2008). These concretions can not be regarded as reliable depositories of pollutants when the redox regime changes, they dissolve. Hydrogenic alluvial soils are contaminated with heavy
elements locally, but pollution itself can reach a high level.
As a result of powerful hydrogen contamination of soils with acidic drainage waters from the mines of the
r. Ore in the south of the Far East, chemosis with a new morphology, contaminated with sulfides Pb, Zn,
Cd, Cu, Fe was formed over a large area. Soil scientists believe that chemosis can persist for dozens and
hundreds of years (Arzhanova et al., 2004).
Sewage sludge. A huge amount of recycled organic matter enters the city sewer system, which collects
sewage water in sewage treatment plants. The volume of these urban waste increases with the
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development of urbanization, their storage and storage is a new problem. The most promising is the use of
sewage sludge for fertilizing agricultural and forest soils, as a source of organic matter, nitrogen and
phosphorus. In Russia, thus, 4-6% of precipitation is utilized, whereas in the EU and the USA an average
of 40% (Kozlov et al., 2008, Chemeris, Kusakina, 2007). Annually at the Moscow stations 120 thousand
tons of sewage sludge are formed. It is fermented in thermophilic conditions (53 ° C) and an organomineral mass dehydrated to 70% moisture containing up to 69% organic matter, 3-6% N and 1-3% P
(Kozlov et al., 2008). Due to contamination with heavy metals, the sediments are composted with soil and
used in doses that do not allow the excess of MPCs in metals in fertilized soils. These soil soils can be
used to cover the landfills of solid household waste, man-made wastelands, in nurseries for growing trees
(Kuraev et al., 2008; Shchegolkova, Vanyushina, 2010).
When introducing sewage sludge into the soil, ecological control is necessary, including the content of
hazardous heavy metals, the composition of which is individual and depends on the share of industrial
effluents. Thus, in Moscow, the content of heavy metals is much lower in the sewage sludge of the South
Butovo region than in the Kuryanovo region, where the share of industrial wastewater is high (Pakhnenko
et al., 2010). Small towns with undeveloped industry accumulate sewage sludges with a low content of
heavy metals, they are introduced into the soil without additional treatment (Kaverina, 2007).
High content of chromium in sewage sludge of some cities. In Novosibirsk, it is chrome that limits the
dose of sludge to the soil, followed by copper, cadmium (Cheremis, Kusakina, 2007). In the industrial
centers of Russia, soils are most polluted in industrial zones where dumps are located, including sewage
sludge. In Nizhny Novgorod, the cadmium content in the sewage sludge reaches 1.3 mg / kg against a
background of 0.33 mg / kg, copper - 120-310 mg / kg against a background of 4 mg / kg (Dabakhov,
2007).
With uncontrolled and long-lasting introduction of sewage sludge in one of the suburbs in China, the
content of copper in soils increased by 3-4, chromium, nickel, arsenic by 2, cadmium by 10 and mercury
by 125 times (Wang, Li, 1999) .
In the same way, 1,200 hectares are contaminated near Paris, the accumulation of precipitation continued
throughout the entire 20th century. (Kirpichtchikova et al., 2006). As a result, the soil to the plow soles is
saturated with heavy metals. First of all, zinc (150-3100 mg / kg), lead (80-670 mg / kg) and copper (50390 mg / kg). In the late 90-ies due to unacceptably high content of metals in plant products, the
authorities banned its sale.
Dumps of ash, slag, ores, slimes contribute to the pollution of soils and soil-groundwater. The content of
heavy metals / metalloids in dumps can be very high. Thus, chromium enters the soil and water from ore
dumps, ferrochrome slag, and metal scrap. In the sediments of sewage treatment plants, the chromium
content can reach 150,000 mg / kg (Perelman, Kasimov, 1999), and Ni up to 6000 mg / kg, Cu up to
11000 mg / kg and Cd up to 1600 mg / kg (Altukhova, 2010). The soils near such dumps are heavily
soiled.
Nickel, copper, mercury, arsenic, vanadium, selenium, chromium fall into the soil from the ash dumps
(Ivanov, 1994-1997).
High content of heavy metals in metallurgical slags. The copper content in the slag of the old dumps of
the Sredneuralsky copper smelter in Revda reaches 3000-10000 mg / kg (Ivanov, 1994-1997). In the past
slags were filled with low places in small towns, thus forming techno-farms. In the Chusovoy's
technozems 1000 mg of W / kg and 2000 mg of Cr / kg are contained (Vodyanitsky, Vasiliev et al.,
2010). In Moscow, the chromium content reaches 570, nickel - 70, arsenic - 18, cadmium - 20 mg / kg
(Ladonin,
Kebadze,
2007).
A very serious problem arose due to the entry of Cr, Cu and Ni from the ash dumps of CHP and
metallurgical slimes in the reservoir of drinking water in Izhevsk (Sturman, Gabdullin, 2006). In the part
of bottom sediments, the concentration of these metals is ten times higher than the background.
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Mercury is present in the waste disposal sites of gold and mercury mines, metallurgical and chemical
industries (Gray at al., 2000; Kim at al., 2000; Munthe at al., 2001; Rytuba, 2000; Sladek at al., 2003).
The main source of man-made arsenic is dumps of tin mines and other non-ferrous metals, especially
gold, they contain up to 900 mg As / kg (Ivanov, 1994-1997, Paktung at al., 2003). In the dumps of
uranium mines arsenic is in the form of an unstable in oxidizing conditions (arsenic) pyrite.
Tailing dumps of factories for the enrichment of gold-bearing ores are of great danger (Artamonova,
2004). The thallium content in them reaches 1.1-1.5, antimony - 15-17, arsenic - 55-96 mg / kg. The
cyanidation used in the concentration plants promotes the high mobility of these dangerous pollutants and
their spread over a considerable distance.
An acute ecological situation has developed in the Altai, where rich polymetallic deposits are
concentrated. The extraction of ore here since the XVIII century. In the abandoned excavations and heaps
accumulated a huge amount of heavy metals. During the years of operation of the Altai Ore Mining and
Processing Plant near Gornyak, two large tailing dumps with a total area of 1 km2 and a volume of 11
million m3 were formed. One of them is the tailing dump of the Zmeinogorsk gold enrichment plant in
the terrace above the floodplain of the river. Corbolich - in the high water it is washed away, and the
waste enters the reservoir. Meanwhile, these wastes are very dangerous: at the foot of the heap, the Hg
content reaches 1.7 mg / kg (with a background of 0.05 mg / kg), Cd - 8.9 mg / kg (against 0.2 mg / kg),
Cu - 400 mg / kg (against background 26 mg / kg) (Baboshkina et al., 2004). The dumps of substandard
ores are located at the site of the Aktash mercury deposit in the Altai. Near the soil heaps contain an
average of 65 mg Hg / kg (against the background of 0.42 mg Hg / kg) and 152 mg Cr / kg (against 36 mg
Cr / kg). In bottom sediments, the background content of mercury is exceeded by 10 thousand times
(Arkhipov et al., 2004).
2.3. NATURAL SOURCES OF POLLUTION OF SOILS
Natural pollution is the contamination of soils with lithogenic heavy metals and metalloids. Three variants
of pollution are possible. First, direct enrichment of the soil with heavy elements. For example, the soils
in the Altai are enriched with arsenic; its content reaches 100-150 mg / kg in local chernozem (Matveev,
Avdonkin,
2007).
Secondly, for plants and animals, the danger is a violation of the balance between chemical elements. For
example, in Transbaikalia in a territory enriched with strontium and barium and with calcium deficiency,
the level disease is common. Another example is the countries of South Asia, where there has been a
FDWDVWURSKLFVLWXDWLRQZLWKQDWXUDODUVHQLFFRQWDPLQDWLRQRIGULQNLQJZDWHU$WDUDWHRIȝJ/WKH$V
FRQWHQWLQZDWHUH[FHHGVȝJ/LQ%DQJODGHVK(DVW%HQJDO ,QGLD 9LHWQDP0RQJROLD $QDZDUHW
al., 2002; Mandal, Suzuki, 2002; Smedley, Kinninburg, 2002; Smedley et al ., 2003).
In Bangladesh, up to 30-35 million people consume water contaminated with arsenic. The main reason is
that in the water-saturated sediments, a reducing medium is formed due to the presence of pyrite, and
(hydra) iron oxides, as the main carrier phase of As, are reduced (Pedersen et al., 2006; Nickson et al.,
2000; McArthur et al., 2001; Tareq et al., 2003). As a result, soils and rocks do not fulfill their buffer role.
This is an example of a violation of the optimal As / Fe ratio.
Thirdly, lithogenous heavy elements can be activated in soils. Such a situation has developed in the soils
of the western part of the United States, where Se contains up to 700 mg / kg in the deposits of Sephosphorites and associated coal-bearing shales (Ivanov, 1996). For soils in the United States, clarke
selenium is estimated at 0.39 mg / kg (Kabata-Pendias, 2011). When these agricultural soils on the shales
are irrigated, lithogenic selenium becomes mobile and is transported with drainage water to reservoirs
where it concentrates in animals and moisture-loving plants, reaching a level of 3000 mg / kg. The loss of
livestock in the West Phosphate Deposit zone in the states of Idaho, Utah and Wyoming, USA is
associated with a high level of Se in water and plants (Ryser et al., 2006). This problem is in the nine
western states of the United States on an area of 1.5 million acres (Brown et al., 1999).
These examples show an acute situation with natural soil contamination with dangerous heavy metals Sr
and Ba and metalloids As and Se. Obviously, to ignore the positive natural geochemical anomalies, which
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are dangerous for humans and animals, soil scientists have no right. This requires the spread of the
concept of "pollution" to natural sources.

CHAPTER 3. HEAVY METALS AND METALOIDS IN SOILS
3.1. CHROME COMPOUNDS
The electronic structure of the Cr atom is similar to that of Fe and especially Mn. Chromium
occupies an intermediate position between soft and hard acids, along with the remaining 3d
metals and Cd. This characterizes chromium as a toxic element (Ivanov, 1996).
Clark chromium in the earth's crust is relatively high - 122 mg / kg. The number of minerals (54)
is low, but according to the frequency of occurrence and the number of its main minerals chrome spinels - chromium is not inferior to other common black metals. The greatest number of
its minerals belongs to the class of oxides, among them 15 chromites. In addition to the main
components, chromites include up to 12% Ti, up to 0.8% Mn, up to 1.2% V, up to 0.6% Co
(Ivanov, 1996).
The chromium content decreases from ultrabasic rocks to basic ones and further to acidic and
alkaline ones. In hyperbasites, the chromium concentration reaches 4400-6500 mg / kg.
Chromium granitoids are impoverished. In soil formation chromite and other chromiumcontaining minerals are resistant to weathering, it is determines the presence of Cr in the residual
material.
Clarke chromium in the soils of the world according to Vinogradov is 200 mg / kg
(Dobrovolsky, 2003). Later in 1966, it was reduced to 100 mg Cr / kg (Bowen, 1966), and in
1979 to 70 mg Cr / kg (Bowen, 1979). Some regional Clarks are very different from the global
(even modern). Clark for US soil is only 40 mg / kg (Dobrovolsky, 2003), and in Denmark the
average Cr content is reduced to 12 mg / kg (Butovskii, 2005). This indicates the importance of
studying the local background for chromium. The chromium content depends on the composition
of the soil-forming rocks. In soils on granitoids it is low 10 mg / kg, on gabbroids it increases to
100 mg / kg, and on ultrabasites - up to 300 mg / kg (Ivanov, 1996). In the soils the chromium
content is ranges from 0.05 up to 10.000 mg / kg (Vodyanitskii, 2016, Chen, Li, 2018).
Chromium is widely used in the metallurgical and chemical industries due to its resistance to
corrosion and high hardness. According to the current report, 78% of the used chromium enters
the environment sooner or later (Johnson et al., 2006). This figure varies little in different
countries. The main producing regions are Africa, where 2,400×103 t Cr / year are extracted and
the CIS countries - 1090×103 t Cr / year. The main consumers of chromium are the countries of
Asia, Europe and North America: 1150; 1140 and 751 × 103 t Cr / yr, respectively. The highest
annual release of chromium-containing waste in Europe is 420×103, Asia – 370×103 and in
North America – 290×103 t. Cr / year, although the composition of waste varies widely
depending on the region. The global supply of chromium to the environment is estimated ~
2630×103 t. Cr / yr. Chromium enters the soil and water from ore dumps, ferrochrome slag,
scrap metal, from the dust of ferrous and non-ferrous metallurgy enterprises and discarded
chrome-containing products. In the case of incomplete treatment of industrial effluents, the
element enters water bodies and soil in the area of chrome consuming plants.
Chromium content of in sewage sludge is high of some cities. So, in the sewage sludge of St.
Petersburg and Novosibirsk, the amount of Cr reaches 2500-3000 mg/kg (Borischkina,
Vodyanitskii, 2007). Disposal of these deposits by introducing into the soil is extremely
undesirable. In sediments of sewage treatment plants of galvanic plants, the chromium content
can reach 150,000 mg / kg (Perelman, Kasimov, 1999); in fact it is chrome ore. The permissible
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chromium content in sewage sludge in the European Union is 750 mg / kg, in the USA – 1000
mg / kg.
It is interesting that the concentration of gross chromium in soils increases from rural settlements
(50-58 mg / kg) to industrial cities with a large population (90-100 mg / kg).
Detailed studies of the chromium content were carried out on the soils of Perm and its environs.
In the rivers flowing through the city, sewage water comes from the factory, as a result of which
alluvial soils are heavily polluted. The waters of the rivers Egoshikha and Danilikha are
especially polluted. The chromium content in alluvial soil in the floodplain of the river
Egoshikha varies from 400 to 500 mg / kg, and in the flood plain of the river. In the floodplain of
the river Danilih - reaches 600-1400 mg / kg. The soil of the floodplain of the river Iva is cleaner
– Cr content 200 mg / kg. An even smaller content was obtained in sod-podzolic soils 30 km to
the north-west of Perm, where the soil Cr content varies from 50 to 100 mg / kg, averaging 80
mg / kg (Vodyanitskii, Vasiliev, Vlasov, 2008). It is obvious that hydrogen contamination of
soils with chromium is very local, but it can reach very high concentrations.
It is believed that chromium stimulates the growth of agricultural plants, but its excess causes
them various diseases. Chromium, ingested with food into the human body, causes many serious
diseases. The wide spread of Cr in the environment adversely affects human and animal health.
In the US, chrome is the third most pollutant in terms of prevalence at waste disposal sites and
the second, after Pb, among inorganic compounds (Hansel et al., 2003).
Adsorption of chromates was actively studied in the 70-80s of the 20th century (Zachara et al.,
1987; 1989; Davis, Leckie, 1980; Ainsworth et al., 1989). The role of soil colloids, including
(hydra) oxides of iron and aluminum, kaolinite, montmorillonite was analyzed. The adsorption of
chromate increases with a decrease in pH as a result of the protonation of surface hydroxides and
the chromate CrO42- itself. The colloids fix chromate through outer-sphere coordination on the
surface of the particles.
Simultaneously, it was established that the colloids binding CrO42- are not chromate specific, and
the presence of other anions (sulfate or dissolved organic matter) leads to a decrease in the
adsorption of chromate (Zachara et al., 1987; 1989).
The adsorption of chromate by soils, in contrast to the models in the form of clay minerals and
oxides, has been studied worse. In the humus horizons of adsorption soils, the reduction of
chromate precedes. In mineral horizons enriched with reductants, the process begins with the
reduction of chromate (Eary, Rai, 1991). In the absence of reductants, the sorption of chromate
by soils is determined exclusively by the effect of pH, (hydr)oxides of iron and aluminum and
competing macro ions (James, Bartlett, 1983).
In one of the works (Zachara et al., 1989) soil samples of four US states were selected, selected
from the horizons B and C, with a low Corg content of 0.07-0.32%. The soils were sharply
distinguished by the pH values of the aqueous extract: from 4.3 to 10.7. The maximum
adsorption of chromate was observed in the acidic soil itself, enriched with kaolinite and
crystallized Fe-(hydr)oxides: hematite, goethite, and lepidocrocite. In a wide range of pH,
adsorption of chromate by soils corresponds to adsorption obtained on model phases of oxides.
The fixation of the chromate was not strong, and the chromate returned to the solution with
alkalization. The adsorption of chromate was suppressed by the addition of sulphate and
dissolved organic matter, which competed for the adsorption sites of minerals. At the same time,
the calculated density of sorption sites on the surface of soil iron oxides was less than that of the
reference model oxides, probably due to the employment of some of the sites by other ions
(Zachara et al., 1989).
The toxicity of chromium depends on its oxidative status. In soils, Cr exists in two states. The
chromium oxyanion, CrO42-, is highly mobile in soils and groundwater. On the contrary, the
reduced form of Cr(III) forms a poorly soluble hydroxide and forms strong complexes with soil
minerals (Sass, Rai, 1987). The possibility of reducing Cr(VI) to Cr(III) reduces the harmful
effect of this toxin (Hansel et al., 2003). In addition to chemical, biomelioration of soils attracts
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attention, as some bacteria increase the rate of reduction of chromate (Park et al., 2000). In
natural conditions, however, the fate of Cr(VI) is determined by the total kinetics of reduction,
both chemical and biological.
Although the biological reduction of Cr(VI) by metal-reducing bacteria has been proven (Park et
al., 2000, Fredrickson et al., 2000), its development under anaerobic conditions depends on
kinetic factors. The rate of bioreduction of Cr(VI) is largely determined by the influence of iron
and sulfur. The effect of Fe(II) and sulfides largely depends on the pH of the medium. The effect
of Fe(II) is palpable at pH> 5.5, and S(-II) at pH < 5.5; and they determine the fate of Cr(VI)
under anaerobic conditions (Fendorf et al., 2000). Microbial activity affects the Cr(VI) cycle
indirectly, forming chemical reductants in the form of Fe(II) and S(-II) as a result of biological
reduction of Fe(III) and sulfates (Wielinga et al., 2001).
The type of Cr(VI) reduction products and their stability depend on the mechanism of
bioreduction. This can be a direct enzymatic reduction or reaction with the products of reduction
metabolism. Although chromate reduction occurs in both cases, the final products may be
different. For example, the enzymatic reduction of chromate results in the formation of mobile
Cr(III)-organic complexes (James, Bartlett, 1983). On the contrary, a relatively insoluble
precipitate of the type Cr(1-x)Fex(OH)3×nH2O (Eary, Rai, 1989; Patterson et al., 1997) is formed
in the reduction of chromate with the participation of Fe(II) and S(-II) reducing agents. The
solubility of the precipitate of chromium hydroxide is proportional to the ratio of Cr(III) : Fe(III).
As the Cr(III) content increases, the stability of the precipitate decreases, although even pure
Cr(OH)3 is slightly soluble (Sass, Rai, 1987; Hansel et al., 2003).
Reduction of Cr(VI) to Cr(III) is possible to reduce the harmful effect of this toxin (Hansel et al.,
2003). Biomelioration attracts attention as an alternative to the chemical after discovery that
some bacteria increase chromate reduction activity (Park et al., 2000). In natural conditions, the
development of reduction and the subsequent fate of Cr(VI) are determined by the total reduction
kinetics of both chemical and biological nature.
3.2. ZINC COMPOUNDS
Zinc Clark in the earth's crust is 76 mg / kg (Greenwood, Earnshaw, 2008). Zinc in the earth's
crust belongs to chalcophiles. In the reducing atmosphere, which prevailed during the
solidification of the earth's crust, zinc was released in the sulphide phase, and its most important
ores refer to sulphides. Subsequently, with the destruction of rocks, zinc was leached and
precipitated as carbonates, silicates and phosphates. Zinc is a mineralogical element, for which
143 minerals are known. The main zinc minerals in the earth's crust are sphalerite ZnS
(hypogenous mineral) and smithsonite ZnCO3 (hypergenic mineral). Zinc and iron oxide, such as
franclinite ZnOxFe2O3 and zinc hydrosilicate-hemimorphite Zn4Si2O7(OH)×2H2O, are also
common. With the high diversity of zinc minerals, the difficulty of identifying Zn phases in soils
is associated (Ivanov, 1996). In the soils the zinc content ranges from 0.3 up to 57.000 mg / kg
(Chen, Li, 2018).
Geochemical associations are indicated by the types of zinc deposits. Among them, Pb-Zn ores
are important, in addition to the basic elements, containing a number of highly toxic: Cd, As, Hg,
etc. Among the polymetallic ores, pyrite Cu-Zn (Ural) type is distinguished. Zinc is common in
basic, alkaline and medium magmatic rocks.
Clarke of zinc in soils according to Bowen is 90 mg / kg, the general average for soils of the
world is very different from this value and is 56 mg Zn / kg (Ivanov, 1996). The content of Zn in
soils is subject to considerable fluctuations. For the arable horizon of the soils of the central part
of the Russian Plain, the average content in gray forest soils is 63 mg / kg, chernozems 46-55 mg
/ kg, peaty soils 16-19 mg / kg (Ivanov, 1996). Zinc deficiency is characteristic for light forest
soils of the Non-Black Earth Region, excess in the soils of the Chernozem region, and also in the
desertsoils (Kovalskii, 1974).
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As an important component of cells, zinc participates in biochemical processes, but becomes
highly toxic with excess content. The toxicity of zinc is high; it belongs to the first class of
danger.
Technogenic contamination with zinc is very intensive and diverse. Zinc fertilizers, sewage
sludge and air dust of industrial origin are the main sources of anthropogenic Zn entering the soil
(Robson, 1993).
The danger is local, intense sources of zinc contamination. These include many mining plants
that process iron ore and rare metal raw materials. In the tailings of these enterprises, a lot of
zinc accumulates, which easily leaches and pollutes water and soil. In England, in such areas,
soils are heavily contaminated and contain 310-1350 mg Zn / kg (Ivanov, 1996). High
concentration of zinc (800-4500 mg / kg) in technogenic soils of old dumps of pyrite deposits in
the Urals leads to the formation of "man-caused deposits" (Ivanov, 1996). The slag heaps of the
Middle Urals copper smelter contain an average of 31000 mg Zn / kg, with a slag output of 540
thousand tons per year. In the dumps of factories for the smelting of lead, the Zn content is even
higher. A lot of zinc is found in the ashes of thermal power plants burning coal, as well as in
slags from the incineration of solid household waste (Ivanov, 1996).
At one time, many soils were contaminated with Zn as a result of smelters with obsolete
pyrometallurgical technology, when a mass of dust and smoke enriched with Zn and Pb was
thrown away. There are enough examples of soil contamination with zinc as a result of emissions
from metallurgical plants in Russia and abroad. In the vicinity of the lead-zinc smelter in
Canada, the content of Zn, extracted 1N HNO3 reached 1390 mg / kg with a background of only
50-75 mg / kg (Orlov et al, 2005). Previously, Zn forms in contaminated soils were determined
by calculation based on the data on the solubility of its compounds (Orlov et al. 2005). Now
scientists use direct identification of zinc particles by synchrotron X-ray analysis (Manceau et
al., 2000, 2002). Zinc is especially convenient to study by this method due to its high Clark in
soils.
Chalcophile metals (Ag, Cd, Hg, Zn) are characterized by precipitation in the form of sulphides
and complexation with organic matter. These interactions are a potentially important mechanism
for fixing these metals in organogenic soils and peats. Reactions in oxidizing conditions lead to
oxidation of sulphides and organic matter, which provokes the concomitant yield of heavy
metals in the soil solution.
Oxygen-, phosphorus-, nitrogen-, and sulfur-containing functional groups are characterized in
this order by the degree of affinity to the chalcophile metals. Consequently, S-containing
functional groups are a more effective ligand for chalcophile metals than O-containing functional
groups, although the latter in the soil dominate quantitatively (Martinez et al., 2006). It was
previously established that Pb, Cu, Co, Ni and Zn form intraspheric complexes with soil organic
substances, and these metals are coordinated by O-ligands (Xia et al., 1997a, 1997b, McBride,
1978). The environment of these metals can also be represented by complexes with S- and Ncontaining functional groups. Indeed, in later works (Skyllberg et al., 2000; Hesterberg et al.,
2001; Martinez et al., 2002; Karlsson et al., 2005; Yoon et al., 2005) established the presence of
Hg, CH3Hg+ and Cd bonds with S-containing functional groups in soils and in humus. Zinc is
coordinated by reduced sulfur, forming ZnS, in flooded soils (Bostick et al., 2001) and
underwater sediments (Hesterberg et al., 1997) with low carbon content. In addition, Zn is
coordinated by the reduced S-containing functional groups of humus.
Although most of the alternative oxygen bonds of Zn with functional groups are obtained on
biologically pure objects, which have little similarity with soil organic matter, they have the
same functional groups that are able to bind zinc. Despite the difficulties in identifying the bonds
of metals with N-containing functional groups, several studies have shown the presence of Nbonds with metals in natural objects. Using synchrotron X-ray technology, it was found that 70%
of intracellular zinc in the roots of its super accumulator Thlaspi caerulescens was coordinated
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by histidine, a natural amino acid (Salt et al., 1999). XANES spectra of copper to humus
(Frenkel et al., 2000) showed Cu-nitrogen bonds at low Cu / C ratio < 0.005.
Surface samples from marshy soil in the western part of New York State, USA and waterlogged
soils in the province of Ontario, Canada (Martinez et al., 2006) were studied in detail. The
content of Zn in them varies from medium to high (according to the norm for organogenic soils).
The content of sulfur and nitrogen is also increased: 3.5-9.5 g S / kg and 10.5-31 g N / kg. Soils
are considered to be enriched at content above 1 g S / kg and 15 grams N / kg (Martinez et al.,
2006). Determination of the oxidation status of sulfur based on S-XANES analysis showed that
35-45% of total sulfur is in the most recovered state, i.e. in the form of sulfides R-S-R and thiols
R-S-H, and 50-70% sulfur in the intermediate oxidation state, i.e. in the form of R-SO-R
sulfoxides and R-SO3-H sulfonates (Martinez et al., 2002). Only 5% of the total sulfur is
oxidized in the form of sulfates R-OSO3-H. The molar ratios of Zn / Sred in the soil range from
0.02 to 2.71, and the ratio Zn / N = 0.0025-0.333. At such values, Zn bonds with S- and Nfunctional groups of organic soils are formed. At the same time, the share of exchange zinc is
low: 0.8-6.5% at soil pH 5.2-6.9. In more acidic peat with pH 4.5, the share of exchange zinc
increases to 6.6-9.9%.
Detailed study was made of both undivided samples and zinc-enriched regions. Synchrotron
micro-X-ray diffractometry revealed sphalerite (ZnS) in two micro zones of soil on dolomite.
Although this soil is not a record holder in zinc content, synchrotron X-ray diffractometry
revealed sphalerite in the sample as a whole. This soil was selected in a wetland and was
submerged for a longtime.
At the same time, the Manning series with the same ratio of Zn / Sred did not give peaks related
to sphalerite, since it has been drained for more than 60 years for agricultural purposes.
Probably, the redox conditions determine the chemical forms of zinc in the surface horizons of
the soil to a greater extent than the Zn / Sred ratio.
Microfluorescent maps show a close relationship between Zn and S, probably organic sulfur is
involved in fixing Zn in organic soils. To decipher the Zn-XANES spectra, 5 standards were
used: ZnCl2; Zn-acetate; Zn-arginine; Zn-cystine and ZnS. These models represent outer-sphere
Zn2+-complexes, Zn-containing complexes with O-, N- and S-functional groups of organic
matter and inorganic phase of ZnS. It turned out that the Zn-arginine complex dominates in the
soil as a whole and in certain areas enriched with zinc. In the soil as a whole, Zn bonds with O
and N-functional groups of organic matter were found, whereas in complexes enriched with Zn,
complexes with S-functional groups were also found. The proportions of different zinc particles
in the samples as a whole and in the micro zones differ.
The stability constants of Zn-ligand complexes allow the formation of Zn bonds with S- and Ncontaining functional groups in addition to O-containing. Thermodynamic calculations
performed using equilibrium constants showed that at a pH of 6.5 and with a ratio of Zn : cystine
: arginine : acetate = 1 : 1 : 5 : 10, the fraction of Zn bound to arginine and cystine is 42%, with
acetate - 9 and 6% in the form of Zn2+. The decrease in pH changes the ratio in favor of Znacetate and aqueous Zn2+ and reduces the proportion of particles of Zn-arginine and Zn-cystine.
Thermodynamic calculations are consistent with the results obtained.
Chemical bonds of Zn with N- and S-containing functional groups provide a higher affinity than
with O-containing. This explains the reason for the higher sorption capacity to metals of organic
than mineral soils.
Consider the soils in the Morte de Nord area in northern France. In these neutral soils (pH> 5.5),
the light granulometric composition of zinc accumulated over 100 years as a result of aerial
contamination by several metallurgical plants. Samples of contaminated soil were fractionated
according to the granulometric and densitometric principles (Manceau et al., 2000).
On the surface, the soil is so polluted that a layer of slag is formed. In the heavy fraction (2.9 g /
cm3) of the slag horizon, Zn atoms were analyzed by EXAFS spectroscopy. The total spectrum
contains 40% willemite, 25% franklinite, and 18% Zn in the clay fraction.
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By the method of micro-EXAFS-spectroscopy, Zn particles were studied in the lower
(unpolluted) and in the arable horizons of soils. The composition of the Zn phases in the clay
fraction was analyzed. These phases were the same at a depth of 8-70 cm. Organo-Zn
compounds in the humus horizons are absent, which is proved by the similarity of the spectra of
the initial soils and the treated H2O2.
When the one-component model was approximated, the clay fraction spectra (Fig. 29) showed
the best match for Zn-containing kerolite Si4(Mg2.25Zn0.75) O10 × (OH)2 × nH2O or for Zn
adsorbed on hectorite.
The mineral nature of Fe- and Mn-zinc carriers was also studied by micro-EXAFS spectroscopy.
Three iron spectra were recorded: two in the region of ferruginous grains, and the third in the Fecontaining clay matrix. All spectra look similar and correspond to the spectrum of ferroxygite
įFeOH. The Mn-sphere spectrum of manganese corresponds to hexagonal bernesite (Manceau et
al., 2002; Morin et al., 1999).
Thus, franklinite, willemite, hemimorphite and Zn-containing magnetite, found in the heavy
fraction of the contaminated surface horizon of the soil, are the main technogenic Zn-containing
metallurgical plant pollutants. Zn-containing phyllosilicates dominate among the secondary zinc
compounds concentrated in the silty fraction of soils, and Zn, which is fixed by particles of
manganese oxide (bernesite) and ferric hydroxide (feroxigite), is present in a smaller amount.
Minor participation of bernesite in the mud fraction is due to its large size, as a result of which a
large fraction of the particles of bernesite enter the silty fraction of the soil during granulometric
fractionation.

Fig. 29. EXAFS spectra of Zn atoms in the clay fraction (<2 ȝm) of Moteul Nord soil, France
(solid line) and reference samples (points): A-Zn-containing kerolite; B - Zn-containing
hectorite.
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Let us turn to contaminated soils in Palmerton, Pennsylvania, United States. The soil profile is
laid 1 km to the south-east of the former plant, which melted 80 years of sphaler-rhythm ZnS.
The soil is aerally contaminated with heavy metals, especially zinc and sulfuric acid. The top soil
layer (0-10 cm) is a black, dry organic piece containing an average of 32% Corg (Scheinost et
al., 2002).
Brummer's sequential chemical extraction and X-ray technique were used to analyze the forms of
zinc. This combination of methods of analysis is due to the following considerations.
During the chemical removal of Zn forms, the number of phases decreases, which facilitates the
spectroscopic identification of the remaining phases. Chemical sequential extraction is most
effective for identifying the most mobile and, therefore, the most toxic forms of metal.
In the upper layer of the soil with an acidic reaction of the medium (pH 3.2), Zn = 6200 mg / kg
and Pb = 7000 mg / kg are contained. The results of sequential chemical extraction showed that,
in the main, zinc is extracted at the last (sixth) stage of treatment, and remains in the residue. It
follows that Zn is most strongly bound to Fe-(hydr)oxides and other stable minerals.
A significant amount of Mn is released at all stages, which is inconsistent with the ideas of
homogeneous mineralogy of manganese in soils. Often manganese compounds are divided into
two groups: oxides and silicates - sometimes they reveal a third group - carbonates.
Removal of 23% Fe in the fourth stage of extraction, possibly, is associated with the destruction
of iron complexes with organic matter. But mainly iron is released in the sixth stage, i.e. due to
the dissolution of the crystallized iron oxides, although a significant amount remains in the
residue after the complete end of the extraction.
The control of the solubility of zinc by the methods of synchrotron technique showed the
following. After the first four extractions, the soil spectra changed little, which agrees with the
low yield of Zn in the solution at these stages. XANES- and EXAFS-spectroscopy data indicate
that the main Zn-containing mineral is the spinel of Franklinite ZnOxFe2O3 (Scheihost et al.,
2002).
Since the fifth extraction extracted little zinc, it could be expected to preserve the appearance of
the EXAFS spectrum. But in fact, it changed strongly, which indicates the differentiation of the
Zn forms after treatment with ammonium oxalate. The reverse effect was observed after the sixth
treatment, when more than 1/3 of zinc is removed, but the spectral changes of Zn in the soil were
insignificant. The spectra of the samples after the fifth and sixth treatments show new signals
related to sphalerite, while the signals of franclinite decrease.
The ratio of sphalerite / franklinite in soil residues changes after the fifth and sixth extractions:
the proportion of sphalerite increases due to the partial dissolution of franklinite. On the initial
spectrum, the presence of sphalerite is masked by a strong signal of franclinite.
It should be noted how the artifact (indeed, the selectivity of chemical extraction is low), the
effect of the formation of a new phase during the fifth treatment.
A new octahedrally co-ordinated form is formed with the participation of Zn, released with
partial dissolution of franclinite, zinc oxalate.
In the lower soil layer the pH increased to 3.9, the Zn content decreased to 900 mg / kg, and the
Pb - to 62 mg / kg. The results of sequential chemical extraction showed that 56% of the total Zn
is in the exchange form. Other forms of Zn are partially extracted during the sixth (ascorbicoxalate) extract, and partially retained after it.
The spectroscopic content of hydrated Zn2+ is consistent with the extraction of zinc by the first,
nitrogen-ammonium extract (58%). After this treatment, the spectra of hydrated Zn2+ no longer
appear, but the Zn form associated with manganese oxide - lithioforite is revealed. Such a
complex is formed when zinc is fixed in an acidic medium characteristic of a given soil.
Litioforyte is completely dissolved during the third, hydroxylamine treatment.
Let us turn to the forms of zinc after the last, sixth treatment. Chemical fractionation does not
differentiate the shape of the residue after all the extractions. Therefore, from the chemical
analysis data, it can be assumed that the composition of the residue is the same for both the upper
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and lower horizons of the soil. But this is not so, and the EXAFS spectra of soil residues selected
from different depths vary greatly (Scheinost et al., 2002). As noted, franklinite, sphalerite and
the newly formed zinc oxalate are retained in the remainder of the upper soil layer. In the 10-30
cm layer, the situation is different. Zinc is part of the Al hydroxide layer located between the
negatively charged layers of montmorillonite.
It is known that Zn is able to bind in weakly acid and neutral soils by forming Zn-containing
phyllosilicates, specifically in the Al-hydroxide octahedral layer of disordered clay minerals
(Manceau et al., 2000, Dahn et al., 2002). In strongly acidic soils, the formation of such forms is
difficult. At pH < 5, the zinc remains completely in the exchange form for a long period of time.
It is very important that almost half of Zn is fixed in a very slightly soluble phase - in the
interlayer aluminum hydroxide, which reduces the toxic effect of mobile Zn2+. Earlier in the
laboratory it was proved that nickel and other 3d metals are fixed in this way (Scheinost et al.,
2002).
The contaminated soils on the Pliero Plateau, 30 km north-west of Paris, were studied in detail.
From 1899 to 1999 these soils on an area of 1200 hectares were abundantly irrigated with
sewage from Paris (Kirpichtchikova et al., 2006). As a result, the entire area is now contaminated
with heavy metals, mainly Zn, Pb and Cu. Pollution is limited to the plow sole, i.e. to a depth of
60 cm. The content of metals varies greatly at a distance of hundreds and even tens of meters. A
typical content in the soil is Zn = (150-3150) mg / kg; Pb = (80-670) mg / kg and Cu = (50-390)
mg / kg. In 1996-1998 years. An unacceptably high content of metals in plants was established,
and the authorities banned the sale of agricultural products.
These contaminated soils near Paris were studied by chemical extraction and synchrotron X-ray
absorption (Kirpichtchikova et al., 2006). The texture of soils is highly heterogeneous in both
millimeter and micrometer scales. Particularly strongly differ in the chemical composition of the
region, enriched with root residues, and clay matrix. Copper dominates in the root residues, and
the Cu : Zn : Pb ratio is 100 : 20 : 22. The strong association of Cu with the roots reflects the
ability of the metal to form strong complexes with organic matter-many roots and detritus are
enriched in copper. The presence of associations of zinc and lead with iron is confirmed by high
correlation coefficients: ȡ(Zn-Fe) = 0.78; ȡ(Pb-Fe) = 0.71.
But in the clay matrix the situation is different: there is a structural or physical association of
these heavy metals with clay particles, and the role of iron in fixing heavy metals is not
significant. A typical ratio of Zn : Cu : Pb : Fe = 30 : 10 : 12 : 100. The correlation coefficients
between metals and iron are low: ȡ(Zn-Fe) = 0.53; ȡ(Pb-Fe) = 0.57, which indicates the absence
of a statistical relationship between heavy metals and iron hydroxides in a clay matrix.
A peculiar electron-dispersion spectrum was obtained from one large round particle with a
diameter of 30 ȝm. It is enriched in Zn and depleted of Cu and Pb; the ratio of the Zn : Cu : Pb
peaks is 100 : 23 : 6. The Fe content in the particle is two times lower than in the clay matrix
and, probably, Zn is not associated with iron, which agrees with the low correlation coefficient ȡ
(Zn-Fe). In this particle, the formation of zinc phosphates is possible-the ratio of Zn : P = 17 :
100. It is important to emphasize the uneven distribution of Cu and Zn in this particle. Using a
scanning electron microscope, it was established that copper is associated with organic
components, and zinc with mineral components.
In contaminated soils near Paris, in addition to the chemical composition, the mineralogy of zinc
compounds was studied in detail (Kirpichtchikova et al., 2006). The analysis of Zn-containing
particles by EXAFS spectroscopy was carried out in areas divided into two groups according to
their morphology. The spectra of the first group refer to the clay matrix, and the second to the
regions enriched with iron or phosphorus. The clay matrix is dominated by trioctahedral
phyllosilicate: Zn-containing kerolite Zi4(Mg1.65Zn1.35)O10(OH)2×nH2O. In the second group, Zn
is in tetrahedral coordination and is surrounded by "light" atoms in the form of surface
complexes and, according to the chemical composition, is Zn sorbed on ferrichydrate and zinc
phosphate.
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A total of 4 groups of zinc-containing particles were identified in the soils: Zn sorbed on
ferrihyrite, zinc phosphate dihydrate, Zn-kerolite and willemite-zinc silicate Zn2Si2O4. Among
the known iron hydroxides, it was precisely ferrihydrite with Zn in the tetrahedral environment
that gave the best agreement with the spectrum: the discrepancy index of the R spectra was low
0.23. Of the various forms of phosphate, the maximum agreement was obtained for zinc
phosphate dihydrate (R = 0.25). Among the family of phyllosilicates, the best agreement with the
experimental spectrum was obtained for kerolite with an average content of zinc in it. Thus, zinc
is in a trioctahedral environment, as is often the case in background soils and sediments (Isaure
et al., 2005; Panfili et al., 2005). This excludes the participation of montmorillonite as a Zn
carrier. The attraction of the spectrum of Zn sorbed on hectorite was also unsuccessful (the
mismatch of the spectra increased to R = 1.18).
Other models (involving hydrotalcite and phyllosilicate with interlayer aluminum hydroxide)
also proved to be unsuccessful (Kirpichtchikova et al., 2006). Other zinc-containing particles
found in contaminated soils, such as zincite ZnO, sphalerite, franklinite, organic Zn complexes
with humic and low molecular weight organic acids (Isaure et al., 2002; Sarret et al., 2004;
Panfili et al., 2005) , are absent in these soils. There were also no hydroxides and zinc
carbonates, presumably formed in soils (Orlov, 1985).
Thus, about 80% of zinc is associated with hydroxylated secondary minerals, and the remaining
Zn - with dehydroxylated (with willemite and ganite ZnAl2O4) and, possibly, with primary
minerals. Despite the high content of organic matter in the soil, no organic compounds of zinc
were found. Thus, the mobility of Zn in the soil is controlled by the formation of secondary
minerals.
Zinc sorbed by iron hydroxides (ferrihydrite) was the main form in the soil (Kirpichtchikova et
al., 2006). The bond of Zn with ferrihydrite was ubiquitous, it was found throughout the matrix,
as in a mixture with other minerals, and in a film on grains of willemite and phosphates, and also
in aggregates together with phyllosilicates. The same results were previously obtained by
Mansou (Manceau et al., 2002), which is explained by the scattering of nanometric ferrihydrite
over the entire matrix. Thus, the tetrahedral coordination of Zn in the composition of highly
dispersed and chemically active soil ferrihydrite confirms the opinion of ferrihydrite as the main
Zn-containing phase of many soils of the humid climate.
Zinc phosphate is the second main zinc compound (Kirpichtchikova et al., 2006). Its presence is
proved by EXAFS analysis and scanning electron microscopy. Previously, zinc phosphates were
detected in contaminated soils and on the roots of cereal plants grown on reclaimed soil where
zinc is fixed with added phosphate (Cotter-Howells, Caporn, 1996) or on phosphorus enriched
and zinc-contaminated sediments (Panfili et al., 2005). The presence of zinc phosphate in the
studied well-fertilized soils is not surprising, given the high phosphorus content of 6000 mg / kg
P2O5 and the excess zinc - 1100 mg / kg. It is clear that zinc phosphate is relatively well
crystallized.
The third main form of zinc compounds is the Zn-containing phyllosilicate trioctahedral
composition (Kirpichtchikova et al., 2006). The high amplitude of the EXAFS signal proves that
zinc is incorporated into the phyllosilicate structure, and does not form surface complexes on the
edges of silicate layers. Octahedral grids contain approximately the same number of Zn and Mg
atoms. Hence, zinc is not adsorbed on the surface of the initial particles of phyllosilicates, and its
particles are formed by the joint precipitation of dissolved Zn and Si. This hypothesis is
consistent with a high silica content (80% SiO2) and a low clay mineral content in the soil – only
8%. Zinc-containing trioctahedral phyllosilicates are common particles in soils at neutral pH.
This is the main form of zinc in parent rocks in temperate climates (Manceau et al., 2000; Isaure
et al., 2002; Panfili et al., 2005).
Willemite Zn2Si2O4 is the fourth-largest form of zinc-containing particles (Kirpichtchikova et al.,
2006). This anhydrous silicate is formed at high temperature and is found in soils contaminated
with metallurgical waste (Manceau et al., 2000; Isaure et al., 2002). Anthropogenic willemite can
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appear in the soil after irrigation by sewage from metallurgical plants or from aerogenous
fallouts, as is typical for the grounds of Pierre, lying near the industrial suburbs of Paris. Using
the EXAFS method, the association of willemite with Zn-containing ferrihydrite and zinc
phosphate, but not with Zn-phyllosilicate, has been proved. Probably, the grains of man-made
willemite act as a physical matrix for depositing the two secondary Zn-minerals on it, but not as
an easily soluble active substrate, since willemite weathering leads to the formation of aqueous
layered silicates. Ganite ZnAl2O4 is fifth form of zinc-containing particles (Kirpichtchikova et
al., 2006). It is a mineral of the spinel structure, which is synthesized at high temperature.
Typically technogenic ganite is found in soils and sediments polluted by atmospheric
precipitation of zinc dust from metallurgical enterprises (Isaure et al., 2005; Panfili et al., 2005).
Studies began with the adsorption of Zn by such active soil components as organic matter, clay
minerals and (hydr)oxides of iron and manganese. Zn surface adsorption models were developed
taking into account all these individual carrier phases (Weng et al., 2001). But a recent study of
Zn sorption by pure minerals has shown the possibility of the occurrence of zinc in the
composition of newly formed minerals.
Information on the quantitative indicators of the formation of Zn-containing particles is very
limited.To understand this question, Zn particles were studied for four years in soil, especially
contaminated with ZnO zincite in the form of dust produced in the manufacture of brass
(Voegelin et al., 2005). For this purpose, open-topped lysimeters filled from below with
carbonate rock were used, and on top - with loamy, non-carbonate soil; plants were grown in
lysimeters. The soil contained 15 g / kg organic carbon, pH 6.5, cation exchange capacity 55
mmol / kg. The soil was contaminated with powder removed from the filter of brass production.
The powder contained 654 mg of Zn / kg, 65 mg of Cu / kg, 12 mg of Pb / kg, 0.3 mg of Cd / kg.
This corresponds to 850 mg / kg of ZnO zincite and 100 g / kg of brass of the approximate
composition Cu0.6Zn0.4. After contamination, the initial content in the soil was 2,800 mg Zn /
kg, 410 mg Cu / kg, 100 mg Pb / kg and 10 mg Cd / kg (Voegelin et al., 2005).
The composition of the Zn-containing particles was analyzed by EXAFS spectroscopy. The
spectrum of the initial contaminated soil is in good agreement with the zincite spectrum,
reflecting the composition of the main pollutant. After two months of experience, the spectral
participation of ZnO still dominated. But between the second and fourth month of the
experiment, the soil spectrum changed radically: the peaks related to zincite decreased. Later in
the period from 9 to 47 months, changes in the nature of the spectrum were insignificant.
3.3. ARSENIC COMPOUNDS
The arsenic content in the earth's crust is low - 1.8 mg / kg (Greenwood, Earnshaw, 2008). There
are a lot of arsenic minerals: more than 300 arsenates and minerals fixing As have been
identified (Manceau et al., 2002). The most common minerals are much smaller. These include
sulphides: realgar As4S4 and auripigment As2S3, as well as oxide - arsenolite As2O3. Arsenides of
iron, cobalt, nickel and mixed sulfides with these metals are widely distributed, (Greenwood,
Earnshaw, 2008). With the diversity of arsenic minerals, the difficulty in identifying As phases
in soils is associated.
Clarke arsenic in soils - 8.7 mg / kg (Kabata-Pendias, Pendias, 1989), according to Bowen
(Bowen, 1979) - 6 mg / kg. In light soils, the content of arsenic is lower than in heavy soils, since
it is confined to a clay fraction. In the soils the arsenic content is ranges from 0.1 up to 252 mg /
kg (Chen, Li, 2018).In the Russian soils, the average content of As in the tundra and foresttundra is 1.6 mg / kg, in the soils of the podzolic series is 1.2-3.0 mg / kg, in gray forest soils 1.5-9.6 mg / kg, in chernozem and chestnut - 4.5-8.0 mg / kg (Ivanov, 1996).
The extracted arsenic is included in industrial cycles, and then, thanks to the dissolution of
minerals, it enters the soil and soil water. The National Priority List of the United States
published information on 1000 places that are potentially dangerous to human health. In this list,
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among the inorganic pollutants As, the frequency of citation is second only to Pb (Manceau et
al., 2002). The main source of man-made arsenic is As-containing ore dumps. The presence of
As in the waste of ore, stored for a long time, creates a serious danger to the environment. It is
not surprising that attention has been paid to the condition of arsenic-rich dumps (Paktung et al.,
2003).
Arsenic is constantly present in phosphorites as an impurity, its most common content is 5-12
mg / kg, reaching 100 mg / kg and higher in ferruginous varieties (Ivanov, 1996a). The
concentration of arsenic in coal of some regions, where it is 53 mg / kg, is high in coal ash of
CHPP, As content increases manifold. Soils are heavily polluted after using As-pesticides, near
ash dumps of thermal power plants, coal and metals, phosphorus mining and processing
enterprises. In soils of industrial regions in the zone of influence of metal processing plants, As
concentration reaches 2470 mg / kg, chemical enterprises - up to 380 mg / kg, non-ferrous metals
- up to 900 mg / kg. Soils that have been treated with As-pesticides for a long time can be very
heavily contaminated: up to 400-2000 mg As / kg. Such soils, where arsenic preparations were
used to fight the phylloxera, even after 80 years is the reason for poisoning of local residents
(Ivanov, 1996a).
Arsenic does not belong to the number of expensive recyclable components of ores and very
often gets into waste when processing them. As a result, when enriching ores with a high content
of arsenic in the main (up to 80%), it falls into waste. So, in tin deposits, the As content reaches
2,100 mg / kg and almost all go to waste (Ivanov, 1996a). An empty rock, extracted from
uranium and gold mines, where arsenic is enclosed in the form of pyrite and arsenopyrite, is a
very dangerous anthropogenic anomaly.
The relationship between arsenic and iron in ore wastes in the USA, France and Canada has been
studied in detail. Synchrotron X-ray techniques were used to study arsenic forms in wastes from
three gold mines in California, USA (Brown et al., 1999). According to EXAFS spectroscopy
data, As (V) predominates in the dumps, which is represented by the FeAsO4×2H2O, as well as
arsenic (V) adsorbed on the goethite particlesĮFeOOH and gibbsiteȖAl(OH)3 (Brown et al.,
1999).
In wastes containing calcined sulfide ore, oxidized As (V), replacing sulphate in jarosite crystals
[KFe3(SO4)2(OH)6], and arsenic sorbed on the hematite surface ĮFe2O3 are formed. In general,
arsenic found in crystalline and amorphous precipitates is less accessible to organisms than that
sorbed on the surface of minerals (Brown et al., 1999).
Arsenic adsorbed on iron hydroxides will also speed the As5+-containing jarosite - all these forms
are stable under acidic conditions typical for the oxidation of sulfides, but they cannot be
regarded as reliable As fixing forms. Jarosite as a common mineral of acidic landscapes is not
stable at pH> 3 and then quickly dissolves, releasing As. Similarly, the solubility of scorodite
strongly depends on acidity; the rate of dissolution is minimal at pH 4 and sharply increases with
increasing pH (Savage et al., 2000). Although intraspheric complexes of arsenate with iron
hydroxides differ in strength (Waychunas et al., 1993, Manning et al., 1998), there is always a
danger of desorption of the surface complex under changing conditions. For example, danger of
desorption of the surface complex when strong ligands appear in the solution, with increased
bacterial activity and as a result of seasonal changes in pH and Eh in wetlands and in ore dumps.
Let us turn to the data on the dump of the lead-zinc mine Carnot, southeast of France. The mine
was closed in 1962 (Morin et al., 2003). Over the years of its operation, 1.5 million tons of
sulphurous wastes, except sulfur, accumulated, containing on average 0.7% Pb; 10% Fe and
0.2% As. The waste is stored in a dump 6 m high. In the acidic stream flowing out from under
the dump, As (III) concentration reaches 80-280 mg / l. At a distance of the first tens of meters of
the stream, the rapid oxidation of Fe (II) leads to the co-precipitation of a large amount of As and
Fe (III) forming "bacterial mats" on the bottom. Analysis of mineral and organic sediments has
shown the formation of a rare arsenic-enriched iron sulfate-toluite (tooeleite) with the chemical
formula Fe6(AsO3)4(SO4)(OH)4×4H2O. Tuelite is formed together with amorphous iron






ϲϮ

hydroxide enriched in arsenic in different degrees of oxidation of As(III) and As(V). In the wet
season, the slurry in the source of the stream contains tuelite together with amorphous iron
hydroxide including As(III). In the dry season, the situation changes, dominated by iron
hydroxides enriched in As(V), in which the As(V) / Fe(III) molar ratio reaches 0.6-0.8 (Morin et
al., 2003).
In conclusion, consider the dumps of the gold mine of Ketza River in the central Yukon, Canada.
The mine was exploited for a short time from 1988 to 1990. During this time, about 310
thousand tons of dry and wet wastes formed, representing a dangerous man-made anomaly. Wet
waste is partially under water, the average content of arsenic in them is 4%. Complex arsenic
mineralogy is established. Iron hydroxides are widely distributed, on which As(V) is adsorbed in
the form of an intrasphere complex (Paktung et al., 2003).
The chemical composition of iron and arsenate hydroxides varies widely. In the composition of
iron hydroxides arsenic enters in different amounts, from trace (300 mg / kg) to extremely high
level (27.5%). The bulk of the samples are iron hydroxides with a molar ratio of Fe: As> 5. a
particle. The molar ratio Fe : As of scorodite and other arsenates is from 1 to 1.5. The maximum
concentration of As adsorbed on iron hydroxides during coprecipitation corresponds to the ratio
Fe: As = 1.5. Thus, the ratio Fe: As> 1.5 is considered as limiting when passing from arsenates
to iron hydroxides.
Arsenic leaches far more strongly from dry waste stored on a hill where its content in the filter
water reaches 18-35 mg / l than from wet waste stored in the lowland (water content in 14 mg / l). The solubility of arsenic is highly dependent on the composition of the minerals in the
ore wastes. Arsenopyrite and pyrite are in small concentrations, these particles are usually
surrounded by secondary arsenates and iron hydroxides, which limits the oxidative dissolution of
sulphides. Therefore, the participation of sulphides in the release of As is insignificant. Scorodite
occupies 31% of the mass of all As-minerals in dry waste and 13% in wet. In this case, wet waste
is richer with iron hydroxides, and dry waste is amorphous Fe(III) arsenates (Paktung et al.,
2003).
Strong leaching of arsenic from dry waste is associated with a high proportion of As-minerals
and a low proportion of iron hydroxides. The pH of the water filtered from the waste is, on
average, 8.3. In slightly alkaline conditions, Fe-arsenate is not thermodynamically stable. This is
especially true for compounds with the ratio Fe: As <4. The solubility of arsenates increases with
increasing proportion of calcium: Ca-Fe-arsenates are much more soluble than non-calcium Fearsenates. Since Ca-Fe arsenates are less stable than iron hydroxides, intensive release of arsenic
from Fe-arsenates in dry waste is not surprising.
Another factor determining the removal of As from waste is the form of arsenic on the surface of
iron hydroxide particles. According to EXAFS spectroscopy data, arsenate ions mainly form
strong bidentate complexes on iron hydroxide particles (Paktung et al., 2003). After the rapid
release of arsenates from the surface of iron hydroxides, further desorption of As slows down
over time.
On the surface of goethite ĮFeOOH, strong complexes with As (III) are formed. The bidentate,
binuclear As(III) bond with a surface analogous to the bonds formed with other oxyanions on
goethite is established with an intraspheric fixation mechanism. The As(III) surface complex is
resistant to oxidation, as demonstrated by XANES spectroscopy (Manning et al., 1998). Due to
its stability, this complex plays an important role in securing arsenates. – b
The reductionform – arsenite – is more toxic than oxidized. Both As forms have a strong affinity
for iron oxides, although they react oppositely to changes in pH. In the pH range 3-10, the
amount of adsorbed arsenate on iron oxides decreases with increasing pH, while adsorption of
arsenite increases with a maximum at pH 9 (Jain, Loeppert, 2004). The amount of adsorbed
As(V) on goethite is maximal at pH 9. This is in contrast to the behavior of arsenite, whose
adsorption is maximal in an acidic medium. In a neutral medium, As (III) is more firmly fixed on
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the surface of iron hydroxide than As(V) (Manning et al., 1998). This is explained by the
difference in the structure of the As(III) and As(V) complexes.
Iron hydroxides play an important role in fixing arsenic. Oxidation of Fe(II) to Fe(III) is
catalyzed by the active metabolism of microorganisms, such as Acidithiobacillus ferrooxidans.
As a result, biogenic iron hydroxides are formed which incorporate into their structure or adsorb
toxic elements on their surface (Brown et al., 1999; Morin et al., 2003). In acidic drainage
waters, microbial oxidation of iron and neutralization of acidity lead to precipitation of sulfates
first and then hydroxides in the sequence: jarosite KFe3(SO4)2(OH)6, shwertmannite
Fe8O8(OH)×6SO4, ferrihydrite 2Fe2O3×FeOH×4H2O, goethite ĮFeOOH or lepidocrocite
ȖFeOOH. Such chemical reactions strongly limit the mobility of arsenic in soils.
In the experiments of coprecipitation of Fe and As, the initial fixation of arsenic is much higher
than in adsorption on already synthesized iron hydroxide particles. The adsorption density
reached 0.7 moles of As(V) per mole of Fe(III) in co-precipitated sediments compared to 0.25
moles of As(V) per mole of Fe(III) on the previously synthesized ferrihydrite (Fuller et al.,
1993).
Freshly precipitated hydroxide particles are discrete chains of a dioktrahedral iron polymer
with a minimum of cross-links (Waychunas et al., 1993). Co-precipitation with arsenate inhibits
the growth of ferrihydrite particles. Cross-links in the structure of ferrihydrite are formed only in
the absence of arsenate. In other words, with aging, ferrihydrite is polymerized only when
arsenic is released into the solution. While the Fe: As ratio is lower than 5, the iron hydroxides
are not stable, and the release of arsenic continues. It is accompanied by the polymerization and
aging of iron hydroxide particles (Paktung et al., 2003).
The firm fixation of arsenic by particles Fe-(hydr)oxides is hampered by competition from other
oxyanions: PO43-, SO42-, MoO42-. Thus, at a high concentration in the phosphate solution
adsorption of As(V) by soil is sharply reduced (Manning, Goldberg, 1996). Therefore,
phosphates are used to extract arsenic from soils (Jackson, Miller, 2000).
Organic molecules like phosphates increase the bioavailability of arsenic. Adsorption of As(III)
on goethite ĮFeOOH decreases in the presence of humic acids and fulvic acids and, especially,
citric acid (Grafe et al., 2001). As for arsenate, its adsorption decreased with the participation of
humic acid and fulvic acids, but not citric acid. Organic molecules hinder the electrostatic
interaction of As(V) with the surface of goethite. The competition of organic ligands depends on
the pH of the medium.
Since arsenic has a variable degree of oxidation, its behavior depends heavily on the redox
conditions in the soils. The most common forms of oxidation of arsenic (III) and (V) clearly
differ on XANES-spectra. In this case, the form of the dominant form depends on pH and Eh. In
an aqueous medium at neutral pH, arsenate is mainly represented as H2AsO4-, and arsenite has
the form of H3AsO3 (Cullen, Reomer, 1989).
Consider the effect of redox conditions on the yield of As in wetlands. Prior to the adoption in
Canada in the late 1970s of strict mining laws, waste was often placed in low relief areas (in
ravines and lakes), where water was dropped from the beneficiation factories. Such an illconceived way of storing waste led to the formation of contaminated wetlands (wetland soils)
near old mines (Kwong et al., 1997).
In the Cobalt area, Canada, the long-term storage of mine wastes led to extensive contamination
of As soil, as well as surface and groundwater. The total concentration of As in surface waters
varies from 11 to 20,000 ȝg / l, exceeding the limit for drinking water (25 ȝg / kg) and for
hydrobionts (5 ȝg / l) by orders of magnitude (Beauchemin, Kwong, 2006).
In these wastes of sandy size minerals are represented by quartz, chlorite, feldspar, calcite,
dolomite and mica. Kaolinite, smectites and (hydr)oxides of iron and manganese – very little.
The arsenic content in the waste reaches 1000-1500 mg / kg. Basically As is in an extremely
dispersed state or adsorbed on other minerals. In the absence (hydr)oxides of iron and oxides of
manganese, the main carrier phases are arsenic: Al-containing phases and carbonates (Violante,
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Pigna, 2002; Goldberg, Glaubig, 1988). The most important factors controlling the stability of
As-minerals are alternate watering and drying of the soil, which affect the redox mode and pH of
the soil solution. During the watering, reducing conditions contribute to the mobility of As by
direct reduction of As(V) to As(III) or due to the reduction of the Fe(III) carrier followed by
reduction of the released As(V). Reduction of As(V) in As(III) turns the metalloid into a more
toxic and mobile form, which can worsen water quality.
In conclusion, we note that many As-containing dumps are too toxic to allow for the spontaneous
population and growth of the most resistant plants. Modern Western European and American
reclamation technologies are oriented more toward soil inactivation than on the removal of
polluted soil (Van der Lebie et al., 2001). The last measure is expensive; it requires places for
burial of dirty soil, as well as stocks of clean soil. All mineralogical and geochemical studies
prove that there is no simple means that will permanently fix arsenic in oxidized and moderately
reduced soils. The modern approach is focused on cooperation and search for active ameliorants
to minimize the bioavailability of exogenous toxic metals and metalloids.
3.4. ANTIMONY COMPOUNDS
Antimony Sb, like arsenic, refers to metalloids. Clarke antimony in the earth's crust is only 0.2
mg / kg (Greenwood, Earnshaw, 2008). The number of minerals of antimony is large and
exceeds 150, among which chalcogenides dominate (92). The main ore mineral is the antimonite
Sb2S3 (Ivanov, 1996). Antimony is concentrated in the composition of coal, and also in the
composition of Sb-Au ores. In the coal ash, the content of antimony varies from 10 to 500 mg /
kg.
According to Bowen, Clarke Sb in soils is 1 mg / kg, according to modern data - less than 1 mg /
kg (Filella et al., 2002b). The content of antimony in soils varies greatly: in podzols and sandy
soils an average of 0.19, in histosols 0.28, in clay soils, 0.76, in chernozems, 1 mg / kg (Ivanov,
1996).
The difficulty in identifying phases of antimony in soils is related both to the diversity of its
minerals and to their low concentration. It is the low content of Sb in background soils that
precludes the use of EXAFS analysis for the identification of antimony phases.
In the environment, antimony comes from natural processes, such as weathering of rocks and
volcanic activity (Wedepohl, 1995). There are natural antimony geochemical provinces. Among
them is the Fergana Valley in Uzbekistan. Here Sb plays an important role in the pathogenesis of
thyroid dysfunction (Fuzailov, 1984). Inhalation of dust containing Sb leads to pneumonia,
fibrosis, lung cancer (Flower, Goering, 1991).
But the Sb content in soil and water increases near antimony mines and in places of
anthropogenic impact. Antimony is considered a dangerous pollutant in the US and the European
Union (Mitsunobu et al., 2006; Leuz et al., 2006). Due to its toxicity, abundance and ability to
accumulate, it is among the first ten most dangerous pollutants of the biosphere (Wood, 1974;
Vytkovskaya, Drychko, 1998). At the same time Ivanov (1996) emphasizes that "Antimony is
hardly studied ecologically and geochemically. Information about its biological and toxicological
significance is not enough, as well as data on techno-geochemistry. "
Antimony is used in the world in large quantities (~100,000 tons / year) mainly in battery alloys,
as well as in non-metallic products (Greenwood, Earnshaw, 2008). A significant part of the
antimony produced after a while enters the environment. Pollution of soils with man-made
antimony occurs near the enterprises of non-ferrous and ferrous metallurgy, in the production of
cement, bricks, and also in the combustion of coal. Antimony accumulates in the soils around
mines and metallurgical plants, at military ranges and along roads due to dust (Fillella et al.,
2002a, Scheinost et al., 2006). Extensive contamination of soil and plant antimony in the old
mining areas is found in Great Britain (quoted in Wytkowska, Drichko, 1998).
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With industrial pollution, the antimony content can reach extreme values of 200-280 mg / kg,
while the MPL for Sb varies from 4.5 in Russia (Orlov et al., 2002) to 7 mg / kg in some other
countries (Vitkovskaya, Drychko, 1998 ).
The mobility of antimony is controlled by sorption processes on the surface of minerals (Fillella
et al., 2002b). Both Sb(III) and Sb(V) in soils are firmly fixed by iron hydroxides and manganese
oxides (Crecelius et al., 1975, Brannon, Patrick, 1985) or organic matter (El Bilali et al., 2002)
clay minerals (Leuz et al., 2006). EXAFS-spectroscopy of soils at a military test site, showed the
association of antimony with iron hydroxides (Scheinost et al., 2006). But the mechanism of
their connection is not yet clear. Sorbium sorption is affected by the state of the sorbent surface
and the pH value (Ambe, 1987; Tighe et al., 2005). The maximum sorption of Sb(V) on iron
hydroxides is observed in the acid range and remains at pH 7 (Ambe, 1987; Tighe et al., 2005).
The surface of the mineral not only binds metal ions, but also accelerates the redox reactions,
such as the oxidation of Fe(II), Mn(II) and VO2+ (Tamura et al., 1976, Wehrli, Stumm, 1988;
Davies, Morgan, 1989). Metal ions are bound through oxygen with ligands on the surface of the
mineral due to intraspheric coordination. This applies to antimony. Since Sb(OH)4–particles are
actively oxidized by oxygen and H2O2 (Leuz, Johnson 2005, Quentel et al., 2004), the adsorption
of Sb(III) by iron hydroxides accelerates its oxidation. In work (Belzile et al., 2001) it was
shown that Sb(III) is oxidized in the presence of weakly ordered iron hydroxides in the pH range
5-10. It follows that adsorption can affect the oxidation of Sb(III).
To study this question, the sorption of Sb(III) and Sb(V) on the most abundant iron hydroxidegoethite (ĮFeOOH) in 0.01 and 0.1 M solutions of KClO4 was analyzed depending on the pH
and antimony concentration (Leuz et al., 2006) . Oxidation of the Sb particle was studied in
solution and solid phase. On the surface of goethite, intra-spherical complexes of both Sb (III)
and Sb (V) are formed. Antimony (III) is strongly adsorbed over a wide range of pH (from 3 to
12), while the maximum of adsorption of Sb(V) occurs at a pH below 7. As(III) and As(V)are
bounded on goethite differently. Arsenic (V) is maximally bounded in the pH range from 3 to 11,
whereas in As (III), the sorption maximum falls within a narrower pH range (5-10).
For 7 days Sb(III), adsorbed on goethite, partially oxidized. Coordination of Sb(III) by the
adsorbed surface increases the density of Sb atoms, which accelerates the oxidation process. At
pH below 7, the oxidation of Sb(III) does not mobilize Sb over the entire 35 days of the
experiment, whereas at pH 9.7, up to 30% of the absorbed Sb(III) passes into solution. The
adsorption of Sb (III) by iron hydroxides in the alkaline pH range can be the main mechanism for
the oxidation and release of Sb(V) (Leuz et al., 2006).
In the aqueous environment, Sb(V) predominates, whereas Sb(III) is found in oxidizing
conditions at low concentrations (Fillella et al., 2002a). This can be the result of the strong
sorption of Sb(III) by iron hydroxides (Leuz et al., 2006), as well as its oxidation and release of
Sb(V), especially in carbonate soils. It is likely that the concentration of Sb(III) is very low and
in the solid phase of soils. Indeed, the particles of antimony in the soil were not represented by
Sb(III) according to EXAFS spectroscopy, but only by Sb(0) or Sb(V) particles bound to iron
hydroxides, often with goethite (Scheinost et al., 2006). Studies of soils contaminated with Sb
and Sb2O3 in the emergence of smelters have shown that oxidation processes in soils are
occurring and the most oxidized form of Sb(V) is dominant (Takaoka et al., 2005).
Antimony can exist in four oxidation states (-III; 0; III and V), although Sb(III) and Sb(V) are
most common in soils. The behavior of antimony depends to a great extent on the degree of its
oxidation. The toxicity of inorganic antimony is similar to arsenic and also depends on the
oxidative status: Sb(III) is more toxic than Sb(V). It is believed that antimony is a little less
dangerous than arsenic (Filella et al., 2002a).
In oxidized waters, Sb(V) forms Sb(OH)6- complexes, which form precipitates of Sb2O5. They
are more soluble than the precipitates of Sb2O3 (Fillella et al., 2002a). Antimony (III) forms
Sb(OH)3 in aqueous solutions and is more stable under anaerobic conditions (Leuz et al., 2006).
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3.5. SELENIUM COMPOUNDS
Selenium occupies the 66-th place among the elements of the earth's crust (0.05 mg / kg). The
total number of its minerals exceeds 80, among which chalcogenides dominate, including 69
selenides, which are similar in many respects to sulfides. In the Se-containing deposits,
chalcopyrite (average 68 mg Se / kg), pyrite (57 mg Se / kg), galena, sphalerite, cinnabar,
antimonite (Ivanov, 1996) are of the greatest importance.
The most developed selenium raw materials are copper deposits, in second place; strongly
yielding, Pb-Zn deposits are located. Selenium accumulates in the coals. Pyrite nodules in some
coals contain up to 500 mg of Se / kg and more. The content of Se in combustible shale’s is
great, where it reaches 25 and even 100 mg / kg. In phosphorus-containing black shale’s, the
concentration of Se reaches 50-60 mg / kg, while in shale’s a significant part of the selenium is
fixed by organic matter. In the state of Wyoming, USA, in Se-phosphorus deposits and
associated carbon-bearing shale’s, the Se content reaches 700 mg Se / kg (Ivanov, 1996).
Selenium is an important microelement for humans and animals. For animals, the required
content in food does not exceed 0.1-0.3 mg / kg, and at a content of more than 3-15 mg / kg
selenium becomes toxic. Both excess and deficiency of selenium are harmful; moreover, the
defect is more dangerous, provoking cancer and cardiovascular diseases (Kovalsky, 1974).
Negative geochemical anomalies are widespread in China (30% of the territory) and the CIS.
Clarke selenium in the soils of the world is not established. For US soil it is estimated at 0.4
mg / kg with an increased content in clay soils. Due to low content, the study of selenium phases
in soils causes problems.
Selenium accumulates in the soils of the western part of the USA, where it is part of the
pyrite. When these soils on shale’s are irrigated for agriculture, lithogenic selenium becomes
mobile and transported with drainage water to reservoirs where it concentrates in moistureloving plants and animals, reaching a level of 3000 mg / kg. It is known that moisture-loving
plants perished or gave deformed offspring due to high Se concentration. This problem is in the
nine western states of the United States on an area of 1.5 million acres (Brown et al., 1999). The
loss of livestock in the West Phosphate Deposit zone in the states of Idaho, Utah and Wyoming,
USA, is associated with a high Se level in water and plants (Ryser et al., 2006). In the extraction
of phosphates, an empty rock with low phosphorus content is stored on the surface in the form of
dumps. In such a dump containing shale’s, the level of reduced selenium in the form of Se(-II)
and Se(0) was increased (Ryser et al., 2005). When the shale’s are weathering, the reduced
selenium phases are oxidized to Se(IV) and Se(VI), which are more soluble, biologically
accessible and mobile than the reduced forms.
Selenium enriched sedimentary rocks, mineral part of coal, and some ores, which, under
conditions of rapid weathering, leads to the accumulation of selenium in the environment.
Anthropogenic pollutants of soils are selenium, sulfuric, copper, nickel, phosphate production,
thermal power plants that burn coal.
Selenium occurs in several degrees of oxidation (VI, IV, 0 and –II) in different soil and
geological settings, depending on pH and Eh. In an acidic environment, Se(-II) forms H2Se,
while in the alkaline medium it appears as the ion Se2-. In an acidic medium, Se(IV) forms
H2SeO3, and in the alkaline medium, SeO32-. In an acidic environment, Se(VI) forms Se2O42-,
and in the alkaline medium SeO42- (Greenwood, Earnshaw, 2008). In a reduced form, Se is
relatively stable and not very dangerous for organisms, but in the oxidized form of Se(VI) it is
mobile in water and dangerous. Selenium is the main component in the selenates Se(VI)O4,
selenites Se(IV)O3 and elemental selenium Se(0) (Brown et al., 1999).
Se entering the plant roots depends on the oxidation state of the soil, pH, chemical and
mineralogical compositions, and the concentration of Se and the competing anions: sulfates and
phosphates (Baylock, James, 1994; Dhillon, Dhillon, 2003). But the main thing is the oxidizing
status of selenium. Selenite is thermodynamically stable under moderately oxidative conditions
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and has a strong chemical affinity for iron hydroxides (Balistrieri, Choa, 1987). Selenium is the
most mobile and easily enters plants and is filtered deep into the soil. The distribution of selenite
and selenate between the solid phase and the solution depends on the pH and composition of the
mineral phase.
Often selenate and selenite are in several upper centimeters of the soil, but deeper they are
reduced to elemental Se. Reduction is biotic and abiotic. When selenium is reoxidized to selenate
in the process of irrigation, it becomes highly mobile and transported as a water complex in
drainage water. Various measures have been proposed, including bacterial reduction,
immobilization and removal of Se from drainage waters or the use of drainage waters for
irrigation of lands in the cultivation of industrial crops: cotton, eucalyptus (Brown et al., 1999).
Since plants grown on soils contaminated with phosphate mining waste contain an increased
amount of Se, it is assumed that selenate, as the most mobile form of Se, is also found in the soil
(Ryser et al., 2006).
Most often, the forms of selenium are studied by the method of sequential chemical extraction
(Martens, Saurez, 1997; Wang, Chen, 2003; Zawislanski et al., 2003). But it is not precise
enough (Wright et al., 2003). The most suitable method is X-ray absorption spectroscopy (XAS).
It allows to analyze the selenium particles without preliminary soil treatment (Pickering et al.,
1999), to study the solid phases of selenium in sediments (Pickering et al., 1995, Tokunaga et al.,
1994; Tokunaga et al., 1998) and plants (Tokunaga et al., 1994; Tokunaga et al., 1998; Manceau
et al., 2002; Strawn et al., 2002).
X-ray absorption spectroscopy was used to analyze three soil samples in the Konda mine area in
the Caribou National Park, Idaho, USA (Ryser et al., 2006). Samples were taken from the square,
which was reclamation 20 years ago and sown with herbs. Differences in the forms of Se in open
areas and planted with plants were not detected.
The Se content in the three samples was 14, 26 and 70 mg / kg. This amount is insufficient for
analyzing the "far fine structure of the absorption spectrum" (EXAFS spectroscopy), but enough
for XANES spectroscopy, allowing to establish the oxidation status of Se.
A correlation was calculated between Se and other elements in the micro-mapping of soil
samples. Impressive is the number of points used for the correlation, which reaches 10 300-13
700 (Ryser et al., 2006). The highest bond was in Se with Fe, Mn, Cu, Zn and Ni. An
insignificant connection between Se and Ca is confirmed by the analysis of shales (Ryser et al.,
2005); consequently, Se is not associated with calcite. XANES spectra showed that soil samples
contain selenium in different degrees of oxidation: Se(-II, 0); Se(IV) and Se(VI) (Ryser et al.,
2006).
The presence of Se(-II, 0) in the soil is consistent with the fact that metallic and organic
selenides exist in the shale of the parent rock. On the contrary, Se(IV) selenite is formed in the
soil due to weathering and oxidation of metal selenides. As for Se(VI), he is no soil was
detected, although at a pH of alkaline and oxidizing conditions the selenium is
thermodynamically stable (Neal et al., 1987).
In rice soils that fall from reducing conditions to oxidizing, the total solubility of Se, as well as
the amount of Se(VI) significantly increased. On the contrary, in the contaminated reclaimed soil
on the phosphate deposit, the absence of Se(VI) is due to rapid leaching and its arrival into
adjacent ecosystems. It was showed that at pH in the range of 5.5 to 9 adsorption of selenate by
soils was insignificant (Neal, Sposito, 1987). Thus, at pH 7.7, a very small fixation of selenate is
associated with the entry of oxidized Se(VI) into plants or leaching from the profile.
With regard to selenite Se (IV), as an oxyanion, it is strongly adsorbed by the surface of iron
hydroxides at pH below 7, whereas at a higher pH value its adsorption is minimal (Balistrieri,
Choa, 1987). Consequently, a neutral or alkaline soil environment is favorable for the
availability of selenite to plants and its leaching. The absorption of selenite in an acid medium on
iron hydroxides also depends on the presence of other anions. If there are strong anions such as
phosphates and organic acids in high concentrations present, competition will cause selenium
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particles to migrate to the aqueous phase, providing selenite mobility in the environment
(Dhillon, Dhillon, 2003). With a high concentration of available phosphorus in the reclaimed
soils on the phosphate deposit, the bioavailability of selenite is enhanced.
3.6. LEAD COMPOUNDS
Lead is a fairly common superheavy metal - in the earth's crust it is 13 mg / kg (Greenwood,
Earnshaw, 2008). The total number of Pb minerals is 315, most of them are chalcogenides. The
significant prevalence of Pb is explained by the fact that three of the four natural isotopes of lead
(with masses 206, 207 and 208) are the final stable products of radioactive elements. Depending
on the origin, the isotopic composition of lead varies.
The most important mineral of lead is galena PbS. Apart from this, there are only four of the
main Pb minerals in the earth's crust: Anglesite PbSO4, cerussite PbCO3, pyromorphite
Pb(PO4)3Cl (Greenwood, Earnshaw, 2008). The content of the remaining minerals in the earth's
crust is negligible. In the rock-forming minerals, plagioclases are maximally enriched in
platinum-clay, an average of 40 mgPb / kg, among the accessory minerals sphene is 221 and
garnets 180 mg Pb / kg. The composition of lead minerals in soils differs from their composition
in the earth's crust.In the soils the lead content is ranges from 0.1 up to 69.000 mg / kg (Chen, Li,
2018).
In coal, an average of 7-18 mg Pb / kg, after their combustion, the concentration of Pb in the ash
is significantly increased. In phosphorites, in the presence of PbS, lead content reaches 225 mg /
kg. Among rocks, lead shale is maximally enriched: on average, 20-23 mg / kg. The high
proportion of Pb in manganese oxides (0.3-2%) indicates the affinity of lead with manganese,
while in iron hydroxides it is only 0.05-0.14% (Ivanov, 1996).
The annual lead production in foreign countries in the late 1980s was 2.4 million tons. Lead is
widely used in the national economy: in the composition of various alloys, batteries, electrical
products, optics, for radiation protection, for additives to automobile fuel.
Metal enters the soil during the extraction of lead ores, as a waste of metallurgy, from cars
consuming gasoline with a lead additive, as well as from landfills, where used electric
accumulators, paints, metal alloys. A recent study of the history of the aerial fallout of Pb over
the last 12,370 years performed on swamp peat samples in the Jurassic mountains of Switzerland
(Shotuk et al., 1998) showed that the highest Pb emission of 15.7 mg / m2 per year is in 1979.
This the level is 1570 times higher than the natural background, which is 0.01 mg Pb / m2 per
year. After strict restrictions on the addition of tetraethyl lead in gasoline introduced in the 1970s
in the United States and other developed countries, the global level of soil contamination with
lead was significantly reduced (Brown et al., 1999). But it exceeds by orders of magnitude the
natural background in local anomalies in the impact zone of mines and metallurgical plants, as
well as in urban soils due to the receipt of lead paints and combustion products of leaded
gasoline.
Lead is highly toxic and belongs to the first class of danger. In Russia, the maximum permissible
concentration for it is 20 mg / kg. Later, more gentle values of ODC for soils were accepted:
sandy – 32 mg Pb / mg, acid clay – 65 mg Pb / mg, neutral clay – 130 mg Pb / mg.
Road transport is the main polluter of lead environment. There is an opinion that it is with
anthropogenic lead that the progressive increase of Pb clark in soils is associated. In 1962,
Vinogadov proposed the value of Clark Pb 10 mg Pb / kg. The later Clarks are higher: in 1979
Bowen proposed the value of 35 mg Pb / kg, in 1986 Kabatoy-Pendias and Pendias 25 mg Pb /
kg, in 1990 Saet and Ovchinnikova already 40 mg Pb / kg (Ivanov , 1996). According to Bowen,
the amount of lead in soils increased from 12 mg / kg in the pre-industrial era to 35 mg / kg in
the industrial.
Even more significant is the increase in lead content in the soils of large cities. So, in the soils of
parks in St. Petersburg for 40 years from 1940 to 1982 lead content increased from 4-17 to 78
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162 mg / kg (Ivanov, 1996). In urban parks of other countries, with more intensive traffic, the
current lead content is even higher: in the USA to 15240, in Canada - 880 mg Pb / kg.
More soils (more than 100 mg Pb / kg) in Denmark, Ireland, and Great Britain. In the zone of
influence of industrial enterprises, pollution of soils with lead reaches a very high level. Near the
enterprises of secondary processing of colored scrap an average of 2470 mg Pb / kg, processing
of non-ferrous metal alloys - 1610 mg Pb / kg, battery production - 560 mg Pb / kg is found in
the soils (Ivanov, 1996). It is especially important that, at a distance from pollution sources with
a decrease in the total Pb content, the number of mobile forms remains significant. Such
anomalies of soluble forms of Pb extend to a distance of up to 10 km from powerful emission
sources. In some areas of active technogenic influence, lead content in soils reaches a
catastrophic level, for example, in the old mining regions of England – 21540 mg Pb / kg. In the
areas of extraction of non-ferrous metals in different countries, it is also large: in the USA 1300, in England – 4500, in the former USSR - 3040 mg Pb / kg. In the soils near the
metalworking enterprises even higher: in the USA - 6500, in Canada – 12000, in Greece – 18500
mg Pb / kg (Ivanov, 1996).
The composition of Pb forms varies widely, which explains the difference in its bioavailability in
geochemical landscapes. Understanding the relationship between the chemical form and the
bioavailability of an element is possible only after complete, accurate and direct identification of
Pb forms in soils and ore dumps. To achieve this, synchrotron X-ray techniques have been used
(Cotter-Howells et al., 1994; Manceau et al., 1996; Ostergren et al., 1999; Morin et al., 1999).
Chemical extraction methods not only do not allow us to establish the type of bonding of Pb with
organic matter, but even to reveal the approximate content of Pb-organic compounds in the soil.
This information can be obtained only with the use of X-ray absorption spectroscopy. Lead is the
first super-heavy metal of contaminated soils, the particles of which were studied in 1994 by
EXAFS spectroscopy. Studies of Pb by synchrotron X-ray radiation have already found practical
application, reducing the cost of work and improving the effectiveness of soil reclamation.
Below we will consider in more detail the forms of lead in technogenic geochemical anomalies
in France and the USA.
As an example, consider contaminated soils in the Evin-Malmison area, northern France. The silt
fraction (<2 ȝm) of forest and arable soils was studied by EXAFS spectroscopy. Forest soil
contains 6.4% Corg and has a slightly acid reaction medium (pH 5.5). It is believed that in the
silty fraction Pb is either included in the composition of minerals or sorbed as a strong
intrasphere complex on the surface of minerals. But in the ooze of this soil a considerable
proportion of Pb is concentrated in outer-sphere complexes (~ 40%), this lead is extracted by a
weak 1 M CaCl2 extract. According to EXAFS spectroscopy, organic matter plays an important
role in fixing Pb (Morin et al., 1999). The EXAFS spectrum of the ooze fraction is approximated
by a mixture of 80% Pb-humate and 20% Pb adsorbed on goethite (Figure 19A). The dominance
of Pb-humates indicates the bonds of the metal with the aromatic structures of the organic
matter. Obviously, the organic matter, covering the surface of the mineral particles, prevents Pb
from sorbing them in the forest humus soil (Morin et al., 1999).
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it, there is a small amount (10%) of PbFe4O7 plumboferrit. Thus, in an acidic medium enriched
in sulphides, lead forms crystalline phases with Fe. In low-humus objects, the proportion of lead
adsorbed by iron hydroxides and manganese oxides exceeds ½ gross (Morin et al., 1999).
In contaminated highly humus soils, low lead mobility is explained by the formation of stable
Pb2+-organic complexes, but the type of these complexes was not clear before using EXAFS
spectroscopy. Manso et al. (Manceau et al., 1996) studied the chemical structure of lead
compounds in soils of urban lawns contaminated with lead tetraalkyl particles used as an
additive to gasoline. Since the alkyl particles have a half-life of only a few hours, Pb is quickly
bound by soil particles, mainly organic molecules. Analysis of EXAFS spectra showed that the
soil spectrum of lawn soils differs sharply from the spectra of Pb with carboxylates (Fig. 20). At
the same time, a good agreement with the soil spectrum was obtained for a mixture of 60% Pbsalicylate and 40% Pb-pyrocatechol. Despite the high proportion of carboxyl groups in the
organic matter of soils,
Previously, the issue of the relationship between lead and "water humus" was studied by
hydrochemists. They established in the waters a low proportion of Pb, associated with fulvic
acids (Linnik, Nabivanets, 1986). Probably, the bond of Pb with aromatic groups established
with the help of EXAFS spectroscopy indicates the significant role of humates in fixing the
metal. Lead is stable in organic soils, where the average term of its conservation is estimated
from hundreds to thousands of years (Heinrichs, Mayer, 1977).
3.7. MERCURY COMPOUNDS
The mercury content in the earth's crust is low - 0.08 mg / kg. Mercury is a mineralogical metal:
there are over 60 of its minerals, most of all (22) chalcogenides. The main minerals in the earth's
crust are the cinnabar Į-HgS and metacinnabarite ȕ-HgS. Their deposits are located along the
lines of the former volcanic activity. The significant role of metacinnabarite is associated with
the stabilizing role of Cd, which sharply expands the field of stability of this mineral. In addition,
mercury is found as an impurity in other minerals. The best mercury concentrator is sphalerite. In
the sphalerite of mercury deposits, the Hg content reaches 630 mg / kg. High concentrations of
Hg in pyrite and galena - up to 160 mg / kg (Ivanov, 1997).
In aqueous solutions, mercury migrates in the form of sulfate and chloride salts, as well as
organic complexes. In conditions of a dry and hot climate with an increased content of chlorides
in an aqueous solution, the dissolution of mercury sulphides proceeds intensively. In the
hypergenesis zone, mercury exhibits manganophilic properties.
Elevated, sometimes even high, mercury content was noted in coals: up to 27 mg / kg. In
phosphorites and manganese ores mercury content was up to 1 mg / kg.
The most important role in activating the behavior of Hg is played by organic compounds. The
methylated form is of decisive importance in mercury geochemistry, the global scale of
poisoning of soils and water is associated with the methylation process.
The world mercury Clark in soils is 0.12 mg / kg. Accumulation of mercury in soils is associated
with the content of organic matter, iron and sulfur. High content of Hg is typical for rice soils
(average 0.3 mg / kg), histosols (0.4 mg / kg) and low in podzols and sandy soils, 0.05 mg / kg
(Ivanov, 1997).
The content of Hg in contaminated soils is significantly higher: in urban soils in England it
reaches 15, Canada - up to 1.1, Japan - up to 2.4 mg Hg / kg (Ivanov, 1997). When sewage water
is treated, the concentration of Hg in Dutch soils reaches 10 mg / kg. Very high Hg content in
fertilizers prepared from solid household waste. In two years of processing oil shale in soils on
an area of 100 km2, the mercury content has increased to 50 mg / kg. In the soils of the industrial
zone of Temirtau, Hg concentration reaches 375 mg / kg (Ivanov, 1997). Mercury is an
extremely dangerous pollutant in the environment because of its toxicity and bioaccumulation in
the food chain. Places contaminated with Hg are dangerous to human health (Kingetal., 2002).
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Mercury enters the environment in various ways: with global geological processes due to natural
degassing of the Earth's crust and man-made pathways. Mercury enters the soil from many
sources, including industrial production and the production of paper, from the waste disposal
sites of gold ore and mercury mines. Other sources of mercury are metallurgical and chemical
production, burning of fuels and waste, processing of iron ore, manganese, phosphorite raw
materials (Mason et al., 1996; Gray et al., 2000; Kim et al., 2000; Rytuba, 2000; Munthe et al.,
2001; Domagalski, 2001; Sladek, Gustin, 2003).
For the prediction of solubility, transport conditions and potential bioavailability, it is necessary
to know the forms of mercury.
Methods of studying mercury forms over time become more complex. We started with a visual
analysis of the mercury-containing phases, followed by the methods of successive chemical
extraction, successive temperature desorption, electron microanalysis, and finally using the nondestructive EXAFS spectroscopy technique for heavily soiled soils (more than 100 mg / kg). For
background and many slightly soiled soils, the method of sequential chemical extraction remains
appropriate.
Consider a sequential chemical extraction of mercury-containing particles, performed according
to Bloom (Bloom et al., 2003). The scheme includes 5 stages and is based on a gradual increase
in the strength of estrogens, which dissolve more and more stable mercury compounds. The mass
of the sample is 0.4 g, the solution: sample ratio is 100 : 1, the suspension is agitated for 18 hours
at room temperature. It is then centrifuged and the supernatant filtered through a 0.2 ȝm filter,
followed by the determination of the mercury content of the solution.
Chemical extraction provides information on the nature of the distribution of conditional forms
of mercury in soils and has a sufficiently high sensitivity (0.5 mg / kg), which allows revealing
the degree of soil contamination. But, as in the case of any simple technique, the method of
sequential chemical extraction has its drawbacks. Among them, the possible transformation of
mercury particles during extraction, the non-specific removal of Hg phases during successive
extraction steps (Barnet et al., 1997). As for other elements, chemical extraction, operatively
separating mercury particles by solubility, is not capable of accurately identifying them.
Because of these limitations, the sequential extraction method is useful to combine with other
types of analysis, particularly preferably with synchrotron X-ray analysis. EXAFS analysis
showed its effectiveness at a total mercury concentration> 100 mg / kg; the accuracy of the
analysis is about 10% (Kim et al., 2000).
A comparison of the two techniques was applied to samples with an Hg content of 132 to 7,539
mg / kg. The fly ash of copper smelting production, a mixture of several standard Hg phases with
kaolinite, 3 types of gold mine wastes and marine deposits were analyzed (Kim et al., 2003).
EXAFS spectroscopy makes it possible to distinguish between HgS sulfides (cinnabar from
matatsinnabarite), although they are not distinguishable by chemical fractionation, due to the
same solubility by royal vodka. From the readily soluble Hg phases, mercury sulfate is identified
as shuteite Hg3S2O4, as well as HgO oxide not identified by the extracts.
3.8. URANIUM COMPOUNDS
Mass contamination with uranium began after the Second World War, when it began to be
widely used in nuclear power and for the production of nuclear weapons. A large amount of
uranium was released into the environment. The chemical and radiation hazard of uranium is
well known. Ore and processed uranium, as well as waste from its enrichment, pollute soils and
soil-groundwater (Perelman, Kasimov, 1999). Especially dangerous is the entry of uranium into
groundwater, and with them into rivers and lakes, where it is able to directly damage human
health.
In the earth's crust, uranium clark is 2.3 mg / kg (Greenwood, Earnshaw, 2008). In uranium soils,
the uranium content varies from 0.7 to 10.7 mg / kg (Kabata-Pendias, 2011). The uranium
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content in the uranium provinces is much higher than in the depleted ones. So, in the Issyk-Kul
depression the uranium content is 5.8-10.7, and in the Kursk syneclise it is only 0.5-0.8 mg U /
kg.
The concentration of 238U in the tundra soils of the Polar Urals varies greatly (Shuktumova,
1983). For example, in sod-gley soils it contains 0.2-0.9 mg / kg, in sod-0.2-4.7 mg / kg, and in
peat-gleyey soils it rises to 2.3-33 mg / kg, that is, above the average level. The latter is due to
the enrichment of uranium by the parent rock and the influence of deluvial demolition.
Differences in uranium content in US soils are associated not so much with the type of soils as
with the granulometric composition: in light soils, its amount decreases to 0.3 mg / kg, in heavy
soils it increases to 10.7 mg / kg (Ivanov, 1997).
On average, the soil in Great Britain contains 2.6, Canada - 1.2, Poland - 0.79, India - 11 mg U /
kg. The average uranium content in the soils of the temperate zone is 2 mg / kg (Ivanov, 1997).
The soils of the humid zone are markedly depleted in uranium in comparison with the parent
rock (Ivanov, 1997). In the gley, bog-podzolic and bog soils of the tundra, on the average, 0.51.0 mg U / kg is contained. In forest sod-podzolic and cryogenic-taiga soils of plains, the
uranium content slightly increases to 1-2 mg U / kg. In the mountains in the cryogenic-taiga soils
it increases to 1-3 mg U / kg. In humid landscapes uranium accumulates locally on reducing and
sorption barriers and in soils of heavy granulometric composition.
The soils of the semiarid and arid zones are richer in uranium, since only 20-30% of the initial,
lithogenic uranium is leached from them (Ivanov, 1997). Reduced migration of uranium is
associated with increased mineralization and a neutral-alkaline reaction of soil-groundwater.
In groundwater, the uranium content varies greatly: from 0.1 to 2000 ȝg / l. In the background
soils of the temperate zone, the content of uranium in water is usually low. In the underground
waters of the Moscow and Vazuza river basin, an average of 3-3.7 ȝg U / l is found (Ivanov,
1997). High values are associated with the manifestation of uranium mineralization or caused by
man-made pollution.
Uranium minerals in soils are inherited from the parent rock. Among the most important
minerals: uraninite UO2 or more precisely U3O8, carnotite K2(UO2)2(VO4)2ڄ3H2O, coffinite
U(SiO4)1-x(OH)4x. High concentrations of uranium are noted in thorianite, torit, phosphorite,
monazite, xenotime, umboserite, cerianite, zircon, loparite, apatite (Ivanov, 1997).
Uranium has a variable valence; the main oxidation states are +4 and +6. This determines its
sensitivity to the redox environmental conditions. Under oxidizing conditions uranyl forms
highly mobile compounds (Perelman, Kasimov, 1999). In a reducing environment, U4 + is
oxidized to a stable uraninite oxide UO2. This determines the different behavior of uranium in
soils.
Under oxidative conditions, uranium sulfate complexes dominate in an aqueous solution with pH
> 3. As the pH is increased, U(VI) particles already predominate in the structure of strong
carbonate complexes, they are known to increase the solubility of uranium compounds. Under
reducing conditions, at pH > 2, U(OH) 4 particles are formed even in the presence of dissolved
carbonates and sulphides (Krupka, Serve, 2002).
In an oxidizing and acidic environment, uranium is easily washed away. Organic (humus)
ligands contribute to the dissolution of U(IV) even in a reducing environment, with humic acids
being more active than fulvic acids (Luo, Gu, 2009).
All isotopes of uranium are radioactive, which is used to generate energy at nuclear power plants
and to create nuclear weapons. In this regard, after the Second World War, uranium was
extracted in large quantities. Previously, uranium, as an unnecessary element, was thrown into
dumps. This was done in the early twentieth century. when developing the Co-Ag-U mine in
Czechoslovakia (Ivanov, 1997). The massive extraction of uranium ores and their processing
resulted in serious environmental problems. As a result of prospecting and mining, huge volumes
of uranium-bearing rocks are extracted from the bowels and stored as dumps. On the other hand,
spent open mines after flooding become a source of contamination with groundwater uranium.
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A significant share of man-made uranium is contained in phosphorus fertilizers, which is
associated with the enrichment of the phosphate deposits by the metal (Malenkina, Savichev,
1994). As a result, uranium accumulates in various phosphorus fertilizers. Accumulation of
uranium in soils is also facilitated by the use of phosphogypsum containing an average of 9.8 mg
U / kg (Gorbunov et al., 1992) as an ameliorant for solonetzes. The widespread introduction of
phosphorus fertilizers led to the enrichment of arable soils in the United States, where its content
as a whole was two times higher than in natural soils (Ivanov, 1997). In fertilized with phosphate
soils in Germany the uranium content increased by 1.3 mg / kg for 40 years (Taylor, 2007).
A significant source of man-made uranium is emissions from thermal power plants that burn
coal. The concentration of uranium in some types of coal exceeds 20 mg / kg, after its burning
the amount of U in the ash increases by 5-10 times. The content of uranium in combustible
shales is even higher. Coal and shale ash becomes a source of pollution by uranium in the
environment in the places of ash storage near large thermal power plants.
The source of man-made uranium is dumps of uranium-bearing rocks, since uranium from them
can enter soil and water. For example, as a result of prospecting in the Central Aldan in South
Yakutia, more than 1 million tons of uranium-bearing rocks with a total uranium content of
about 2,000 tons were extracted from the bowels and dumped there (Burtsev et al, 2005). In
Yakutia at a distance of 500 m from one of the dumps located on the alluvial soil of the light
composition, the uranium content in the upper 0-14 cm layer reaches 500-1000 mg / kg, with a
background value of 3 mg / kg (Chevychelov, Sobakin, 2007).
Liquid waste from mining and hydrometallurgical enterprises is especially dangerous, their
volume reaches 0.5-5.0 m3 per ton of uranium ore with 0.3-10 mg U / l in waste water (Ivanov,
1997). Consequently, dumps of uranium-bearing rocks require an increased attention of soil
scientists-ecologists.
Monitoring should extend to land near military plants. On the territory of the plant that produces
plutonium (USA), as a result of the rupture of the pulpwood, soil contamination with uranium
occurred. The U content in the water extract from the soil reached 600×10-3 g / l, while in the
background groundwater it was only 0.2-2.5×10-3 g / l (McKinley et al., 2006).
Urban soils can be markedly contaminated with uranium. This is established for the soils of
Tomsk (Zhornyak, 2009). Analysis of 204 soil samples showed an average content of 2.4 mg U /
kg at a background concentration of 0.5 mg U / kg.
Chemical contamination of soil with uranium becomes dangerous if the standard is exceeded, for
example, 5 mg / kg according to German standards (Lyubimova, Borisovichkina, 2007). In
domestic documents, the content of uranium in soils, unfortunately, is not standardized. In
Russia, for elements without MPC / ODC, the empirical criterion MPC = 4  ڄBackground (State
report ..., 2008) is used.
According to the data of successive chemical extraction, uranium is found in uranium in the
following forms: water-soluble, exchangeable, in the form of a uranyl cation with Cl, organic
matter and U precipitation in a reduced form (Elless et al., 1997; Filgueiras et al., 2002). The
disadvantages of chemical extraction in the identification of heavy metal compounds in soils are
well known: this is primarily a low selectivity of the reagents. This also applies to the
identification of uranium compounds. But with the advent of third-generation synchrotrons, the
problem of identification of rare-element compounds has been resolved (Catalano, Brown, 2004;
Henning et al., 2005; McKinley et al., 2006; O'Loughlin et al., 2010; Ulrich et al., 2006) .
Since the behavior of uranium is fundamentally different depending on the degree of oxidation,
the establishment of its valence in an undisturbed sample is an important task.
Due to the high sensitivity of the synchrotron technique, the difference in the positions of the
spectra of U(VI) and U(IV) is very significant and can be easily deciphered.
Using EXAFS-spectroscopy, the main uranium compounds in soils are determined. EXAFS
spectroscopy can detect uranium-containing particles in uranyl, carbonate complexes,







ϳϱ

phosphates, uranium, sorbed iron hydroxide, vermiculite, and other layered silicates (Ulrich et
al., 2006).
Soluble complexes with various anions, including fluoride (F-), chloride (Cl-), carbonate (CO32-),
sulfate (SO42-), phosphate (HxPO4(3-x)), silicate (SiO4) and acetate (CH3COO-) (Vodyanitskii,
2011). Although in the oxidizing environment uranil freely migrates, it is able to gain a foothold
when there are active sorbents in the system. Among them, iron, manganese compounds that
precipitate form reactive gels sorbing uranium and precipitating with it (Bruno et al., 2002).
Uranium is sorbed by oxides of other metals, aluminosilicates and carbonates (McKinley et al.,
2006). Sorption depends on pH (increasing with its increase), U(VI) activity in the solution,
quantity of sorption sites, ionic composition of the liquid phase.
Among uranium sorbents, the first place is occupied by iron hydroxides. Therefore, researchers
pay great attention to them in polluted waters. In particular, this refers to acidic uraniumcontaining mines. In addition to iron, they usually contain many sulfates that form water
complexes and UO2(SO4)2+ (Majzlan, Myneni, 2005; Walter et al., 2003). In the mine waters, the
oxidation of Fe(II) to Fe(III) is catalyzed by the active metabolism of microorganisms
Acidithiobacillus ferrooxidans. The newly formed biogenic iron hydroxides incorporate into
their structure or adsorb on their surface toxic elements. In acidic drainage waters, microbial
oxidation of iron and neutralization of acidity lead to precipitation of sulfates first and then
hydroxides in the sequence: jarosite KFe3(SO4)2(OH)6, shvertmanite Fe8O8(OH)6SO4,
ferrihydrite 2Fe2O3ڄFeOOHڄ4H2O, goethite ĮFeOOH or lepidocrocite ȖFeOOH. These reactions
limit the mobility of uranium in soils.
The other carriers of uranium also have significance. Among them, an amorphous silicon gel to
which the cation has a strong affinity at pH 4-7 (Moll et al., 1998). According to the data of
EXAFS-spectroscopy, uranyl forms intraspheric mononuclear complexes with silicate tetrahedra.
When uranium is sorbed by natural Si-Al-Fe gel, a definite sequence is observed. Initially, U(VI)
is complexed by silicon or aluminum, and then these complexes are captured by iron hydroxides
during precipitation (Allard et al., 1999).
Scientists pay great attention to the role of carbonate, as an ordinary component of groundwater,
affecting the fate of uranyl in an oxidizing environment (De Jong et al., 2005). Complexes such
as Ca2UO2(CO3)3 and UO2 prevent adsorption of uranyl on the surface of minerals at pH > 7
(Wazne et al., 2003). But dissolved carbonate can also form a strong complex on the surface of
iron hydroxides. This surface complex as a result of a competitive interaction between carbonate
and carbonyl is of particular interest. A triple iron hydroxide complex-U(VI)-carbonate is
formed, which limits the migration of uranium in the oxidizing medium over a wide range of pH
(Bargar et al., 1999). Despite the prevalence of mobile uranyl-carbonate and Ca-uranylcarbonate complexes in water, the ability of ferruginous colloids to fix U(VI) does not decrease.
At pH 6-7, the ferrihydrite particles aggregate, and then settle in the form of films and crusts on
mineral particles. Adsorption of uranium (VI) is not inhibited when the carbonate content in
water is up to 0.68 mM. Sorption of uranium (VI) increases with the pH of the solution.
In conclusion, we will consider studies aimed at solving an environmental problem caused by the
flooding of abandoned uranium mines in East Germany (Ulrich et al., 2006). A significant role is
played by natural sorption barriers, which can reduce the mobility of uranium. In an oxidizing
environment, the fixation of uranium occurs due to its sorption by iron hydroxide – ferrihydrite.
At the same time, U(VI) is included in the structure of the ferrihydrite due to intraspheric
sorption complexes (Elles et al., 1997). Since uranyl with two oxygen bonds is incompatible with
the local structure of iron hydroxides, it is fixed in a small amount: the molar ratio U / Fe <0.004.
These model data are consistent with the actual amount of fixation of U by iron hydroxides in the
uranium mines of East Germany (Ulrich et al., 2006).
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CHAPTER 4. CONTAMINATION BY HEAVY METALS IN SOILS OF GEORGIA
4.1. GENERAL SITUATION
In Georgia, about 250.000 t/a of fertilizers (250kg/ha/a) and about 29.000 t/a of pesticides were used in
the late 1980s. After the disintegration of the Soviet Union, the use of fertilizers declined to about 10
t/ha/a in 1994. However, soil contamination with heavy metals resulting from the use of these chemicals
has not yet disappeared due to its retention in the soils. Furthermore, as in the whole former Soviet Union
after 1991, there was an uncontrolled import and use of agrarian chemicals that were banned in other
parts of the world (e.g. DDT), leading to an uncontrolled pollution of farming land.





ϳϳ

Likewise, in the Imereti region in western Georgia, the contamination with heavy metals was studied for
different soil types along several river valleys, which are regarded as the main flow paths forheavy metals
(Urushadze et al., 2007). Here, the concentrations of Cu, Cd, Mn, Ni, Pb and Zn exceed the background
values.
Soils are polluted by heavy metals along main roads:
Ozurgeti – Kobuleti - traffic intensity 10 000 vehicles per 24 h
Soils are polluted by heavy metals: Mn – on50m, Cu – 5m, Pb – 5m, Ni – 2m,Zn – 25m alongside the
road
Tbilisi – Marneuli- traffic intensity 13 000 vehicles per 24 h
Soils are polluted by heavy metals: Mn – on25m, Cu – 10m, Pb – 25m, Ni – 5m,Zn – 10m alongside the
road
Tbilisi –Mtskheta- traffic intensity 24 000 vehicles per 24 h
Soils are polluted by heavy metals: Mn – on50m, Cu – 20m, Pb – 20 - 100m, Ni – 15m,Zn – 20-100m
alongside the road
Mtskheta –Igoeti- traffic intensity 18 000 vehicles per 24 h
Soils are polluted by heavy metals: Mn – on50m, Cu – 20 - 100m, Pb – 20-100m, Ni – 20m,Zn – 20-100
m alongside the road
Gori – Khashuri- traffic intensity 18 000 vehicles per 24 h
Soils are polluted by heavy metals: Mn – on100m, Cu – 20 - 100m, Pb – 20-300m, Ni – 15m,Zn – 20-100
m alongside the road
Among the industrial sources responsible for heavy metal pollution, one of the most important source is
located in western Georgia. Recently, its impact on the contamination by five heavy metals (Cd, Cu, Mn,
Pb and Zn), which are commonly wide spread in different environments, especially in soils of the Imereti
region, has been assessed. According to the results of the studies, the influence of the Zestaponi FerroManganese factory on the pollution of the region is considerable. The concentrations of the studied heavy
metals (Cd, Cu, Mn, Ni, Pb, Zn) in the soils are gradually decreasing in the eastern direction from the
pollution source up to the mountain chain Likhi. However, the decrease in concentrations is different for
the different elements (Ghambashidze et al, 2007).
The analysis have shown that the Mn content in soils, which can be taken as a good indicator for the
influence of the factory due to highest percentile of Mn in the factory exhausts, is correlated with Cd
(r=0.370, p=0.01), Pb (r=0.754, p=0.01) and Ni (r=313, p=0.05). Mn is negatively correlated with Cu (r=0.351, p=0.01). The correlation of Mn with Zn is negligible. According to statistical analyses the FerroManganese factory seems to be more associated with the contamination of Cd, Mn, Ni and Pb and less or
not connected with Cu and Zn content in soils of the study area (Ghambashidze et al, 2007).
To evaluate the possible toxicity the maximum permissible concentrations (MPC) of the heavy metals are
established. The maximum permissible concentrations for toxic substances are calculated based on risk
considerations, where ‘‘risk’’ usually has the meaning of the extent of an adverse effect, quantified
according to its dimensions. Unfortunately, country specific MPCs are not yet defined for Georgia with
consideration of local conditions, which creates difficulties for the monitoring and evaluation of soil
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pollution. Furthermore, from the presented six metals the maximum permissible concentrations could
only be established for the two elements Mn and Pb) (Ghambashidze et al, 2007).
The results of the research were compared with the MPC and guide values defined by the Georgian
legislation. The comparison shows that the concentration of Cu, Mn and Pb in soils of the Imereti region
exceeds the MPC and guide values in some samples. Other metals are in the recommended range
(Ghambashidze et al, 2007).
In another study conducted in western Georgia, the heavy metal (Cd, Cr, Cu, Mn, Ni, Pb, Zn)
concentration in soils under natural vegetation was studied and assessed based on baseline values
calculated specifically for the region using two different methods. In comparison with the upper limit of
the baseline values for Cr content too high in 50% of the samples, followed by Mn – 48.15%, Zn –
46.30%, Ni – 29.63%, Pb – 28.25% and Cu – 22.22%. Based on this comparison it is possible to discuss
potential risks for each element in the soils of the study region, which can be caused by geogenic contents
or by anthropogenic impacts, although this is not the case of agricultural plots, where human activity
causes elevated concentration of some metals (Ghambashidze, 2009).
Table 1.. Concentration of heavy metals in soils (0-10 cm) of Imereti region, mg/kg (G. Ghambashidze,
2012)

Soil_Name

Cu

Mn

Ni

Pb

Zn

Yellow brown forest

39.40

1325.00

25.80

9.60

80.00

Raw humus
calcareous

37.40

1185.00

20.50

8.30

76.30

Raw humus
calcareous

66.40

617.50

54.80

15.70

66.90

Raw humus
calcareous

100.80

735.00

57.30

9.10

77.50

Yellow brown forest

114.60

1347.50

41.50

13.50

89.40

Alluvial calcareous

43.30

1265.00

66.30

14.00

82.50

Alluvial calcareous

37.80

1948.80

44.30

6.50

90.60

Raw humus
calcareous

47.00

1295.00

39.30

4.60

40.90

Raw humus
calcareous

31.80

1215.00

63.30

8.70

60.00

Yellow soils

39.91

1988.13

54.88

24.52

57.87

Yellow soils

34.91

5163.67

49.88

43.47

76.79

Yellow soils

39.89

3065.64

37.39

29.72

52.86
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Yellow soils

22.46

1384.55

19.96

26.73

63.64

Alluvial calcareous

24.95

2191.33

27.44

22.78

49.65

Alluvial calcareous

34.91

1683.33

34.92

10.93

64.09

Raw humus
calcareous

122.34

561.23

22.47

18.95

54.18

Alluvial calcareous

49.94

1993.81

22.47

29.79

88.14

Raw humus
calcareous

114.83

1023.99

57.41

24.93

92.37

Yellow brown forest

24.94

1240.53

22.44

12.28

78.83

Raw humus
calcareous

62.43

1397.56

32.41

21.03

62.35

Yellow brown forest

49.91

911.22

24.99

7.60

77.46

Yellow brown forest

9.99

1034.48

22.45

27.11

52.96

Yellow brown forest

64.84

1295.76

47.38

14.53

72.32

Raw humus
calcareous

127.37

979.44

52.45

13.14

77.43

Regional
background*

64.16

2119.95

45. 83

29.39

69.63

32

55a; 110b;
220c

300

300

a

b

a

b

MPC, Georgia**

33 ; 66 ;
132c

1500

20 ; 40 ;
80c

MPC, EU***

140

-

75

*Regional background – according to Urushadze T.F, et al (2007);
**MPC, Georgia - Maximum permissible concentrations in agricultural soils;
***MPC, Georgia – upper limits of maximum permissible concentrations established in European Union;
a – Guide values for sandy soils;
b – Guide values for loam or clay soils with pH <5.5;
c – Guide values for loam or clay soils with pH >5.5.

According to the studies conducted in the Imereti region (G. Ghambashidze, 2014; Urushadze et al,
2007), which included Zestafoni, Kharagauli, Sachkhere, Chiatura and Terjola municipalities, Zestaponi
Ferroalloy Factory has significant impact on the production of heavy metals in soils. In the vicinity of the
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factory, nickel, zinc and copper concentrations are significantly higher, which exceeds the existing
background content, but in all three cases it is low on the permissible concentration (ZDK).
The lead content of the factory is also increased in the vicinity of the factory and exceeds 30% by the
established ZDK. Much higher content was recorded in the case of manganese, whose concentration
exceeds ZDC, which was expected from the specifics of the plant and in the presence of the overall high
manganese in the region. Nevertheless, the high content of this element has a relatively small risk for
environment and human consumption, due to the properties of manganese toxicity and the study of soil in
the study area.Very important investigation were realized by leadership of prof. P. Felic-Henningsen
(Felix-Henningsen, Urushadze, Narimanidze, Wichmann, Steffens, Kalandadze, 2007; Felix-Henningsen,
Steffens,Urushadze, King-Narimanidze, Kalandadze, 2010; Kalandadze, Hanauer, Urushadze,
Navrozashvili, Felix-Henningsen, Scnell, Steffens, 2011).P. Felix-Henningsen and all., ) in relation heavy
metal pollution of soils and food crops due to mining wastes in an irrigation district, in Mashavera
valley.The fertile irrigated soils of the Mashavera valley, have a high agricultural yield potential. The
river water used for irrigation, however, is polluted with mining waste from copper and gold mine
situated in the mountainous region of the middle reaches of the Mashavera river. Furthermore waste
water from a floatation plant, erosion material from floatation waste deposits, and acid mine drainage
leads to high concentrations of dissolved and suspended sulphidic heavy metals. The Cu, Zn and Cd
concentrations of mud from irrigation channels and the Mashavera river are extremely high. Accordingly,
most of the irrigated soils under different agricultural land uses display a strong enrichment of heavy
metals that can be traces back to irrigation with polluted water over a period of several decades. The
concentration of total amounts of Cu, Zn and Cd are closely and significantly inter correlated due to the
same river source. The variability of the heavy metals concentrations in irrigated soils is by far wider than
in non-irrigated topsols, especially towards higher concentrations. Differences in the duration, frequenct
and amounts of irrigation as well as changes in the type of land use and soil cultivation (e.g. depth of
plowing) are the reasons for this high spatial variability. This shows the degree of soil pollution by
heavy metals in the Mashavera valet cannot be estimated but must be investigated for each field to order
to evaluate the potential hazard for the food chain and the residents. The HM pollution of home gardens
grape fields, wine gardens and other orchards has become very critical due to the high amount and
frequency of irrigation. Many of the vegetables accumulate heavy metals in vegetation parts used as food.
In 40% of the investigated house gardens and 82% of the wine gardens with mixed cropping of
vegetables, the action value for Cd is exceeded.
Bolnisi district is one of the most important agricultural regions of Georgia. The presence of a mild
climate and fertile soils (Grey-cinnamonic and meadow gray-cinnamonic) makes it possible to obtain
three crops a year. The Bolniy district traditionally considers the area of viticulture and vegetable
growing. There is a well-functioning irrigation system in the district, the beginning of which is near the
village of Kianeti (Mashavera river).
Between the existing enterprises in the region, one of the largest enterprises is the joint-stock company
"Madneuli". It is a mining and processing enterprise that operates on the basis of a copper-pyrite and
barite-polymetallic deposit. It is known that enterprises of this type create a certain threat to both the
adjacent territory and the entire ecosystem of the region.
The capacity of the noted plant is determined by one million tons of copper and 250,000 tons of barite.
Obtaining ore is an open, career way and the resulting ore is processed by filtration technology. The
processed product is a concentrate of copper and barite.
The Madneuli copper-barite-polymetallic plant is located 80 km southeast of Tbilisi.
According to its genesis, the Madneul deposit belongs to the hydrothermal group. Developments are
carried out by drilling-explosions. Before enrichment, copper ore is crushed into particles of about 20 mm
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in size. The noted samples are ground in special mills and transferred to flotation. Tailings of flotation
with the help of pumps are transferred to tailing dumps for storage. The chemical composition of quarry
waters is determined by the large amount of sulfuric acid that is formed during the oxidation of sulphide
minerals, and by means of which their removal occurs in the form of copper, iron and zinc sulfates. Along
with the main components of the ore, the oxidation products contain soluble sulfates of accessory
elements, including cadmium and cobalt. In quarry waters, the content of lead and barium is relatively
low because their sulfates are insoluble and they remain inside the mine. At the same time, water from the
landfills of empty rocks and tailing dumps is leaking, which, like quarry waters, participates in the sulfate
process and does not differ from them.
Proceeding from the noted features, the main technogenic load is in the region's hydroset and, based on
this, on the irrigation system. The Kazretula River, which flows in close proximity to the plant, is rich in
ore elements.
Because of their very low pH, these elements are mainly in dissolved forms and have a high migration
capacity. The Kazretula and Mashavera Rivers experience a strong man-made impact by ingress of
copper and cadmium into them.
The total content of these elements is several times higher than the MPC. For example, in the river
Kazretula near the plant, the copper content is 8,125 mg / l, while the MPC equals 1 mg / l. At the
confluence of the Mashavera River, this figure is 1,212 mg / l. The indicators of total forms of zinc and
cadmium are also high. Thus, the irrigation system, which originates from the confluence of the rivers
Mashavera and Kazretal, is highly contaminated with heavy metals and, as a result, the soils are polluted.
When irrigation of agricultural land for each square meter of the area, 50 liters of water are consumed on
an average. As a result, according to the most conservative estimates, when one hectare of agricultural
land is irrigated, 12.4 kg of copper, 3.6 kg of zinc and 17 g of cadmium fall into the soil. In 1998,
according to the German soil conservation standards, these data significantly exceed the established
norms and give the following picture: the copper content exceeds the established norms by 36 times, zinc
and cadmium by 3 times.
Studies were conducted in various agricultural areas: fruit gardens (33 plots), vineyards (33), vegetable
crops (49) and crops of cereal crops (29 plots). The maximum copper content in soils under crops of
cereal crops was 450 mg / kg, under vegetable crops - 1100 mg / kg and vineyards - 3000 mg / kg.
The content of copper in the investigated soils varies very much: from 40 mg / kg to 3125 mg / kg ,. The
minimum content of 40-50 mg / kg was noted in 17.9% of the total number of sites, 200 mg / kg and more
- 18.3%. High copper content (> 200 mg / kg) in the soils of Ratevani, Kveshi, Abdalo, Savaneti and
Karaticani. Agricultural lands in the marked villages are located in close proximity to the Mashavera river
bed. Especially high is the content of copper in the soils of vineyards.
The highest indicators of copper and zinc are recorded in the territory that adjoins the village of Ratevani.
The main part of the investigated plots (150 ha) is located on the right bank of the Mashavera River. Most
of the territory is occupied by vineyards fruit gardens, and almost half are wheat crops.
More than half of the area is significantly contaminated with copper and zinc - 200-700 mg / kg. About 89% of the territory can be classified as a number of catastrophically contaminated sites. It should be noted
that the marked territories are intensely watered by the waters of the Mashavera River. It can be stated
that we are dealing with a pronounced technogenesis, which indicates the impact of the plant
contaminated water on irrigation. For the rest of the territory, where copper and zinc contamination is
observed within 500 mg / kg, the pollution is spotty.
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When considering data on manganese, it should be noted its special physiological role in the course of
geochemical processes in both soil and plants. The maximum content of manganese varies between 11251375 mg / kg. Coefficients of pollution concentrations are 5.6-6.8. The maximum content of manganese is
associated with the basaltic weathering crust - 1400-1500 mg / kg (Kianeti village, Kveshi), and the
minimum - is confined to alluvial soils - 600-900 mg / kg (Kvemo Bolnisi village, Ratavani).
In the investigated region, 70 hectares (61.3%) are poorly and moderately contaminated with copper, 20
ha (17.3%) are heavily polluted, and 24 ha (21.2%) are strong and very strong. Similar data were obtained
for zinc.
Manganese is medium polluted with 93 ha (81.5%), heavily - 21 ha (18.4%).
According to the total indicators of the manganese concentration coefficient, only 19 hectares of low
pollution of the upper layer (0-20 cm) of soils are noted, average pollution by 91 ha (79.8%) and severe
pollution by 13 hectares (11%).
According to the concentration coefficient of manganese contamination in weakly and medium
contaminated soils, the chemical elements are arranged in the following descending order: Mn> Zn> Cu,
and in highly contaminated soils - Cu> Zn> Mn.
In highly contaminated soils with zinc, taking into account the minimum and maximum values for the
total indices of the concentration coefficient, the chemical elements are arranged in a different sequence.
In the first case, this decreasing series has the following form: Cu> Mn> Zn, and at the maximum
exponent - Cu> Zn> Mn.
In recent years, the properties of soils have deteriorated sharply. The surface of soils in many places is
covered with a whitish-green crust that prevents water from seeping, the porosity of soils is low, and
fertility is reduced. There is also plastering of soils. At the plant, in order to neutralize the acids, lime is
thrown into the water and then let it enter the collectors. In such cases, a gypsum is formed, and, together
with the water, gets to the soil surface, forms a crust. All this worsens the aeration and filtering capacity
of soils and results in a sharp drop in their fertility.
The deterioration of the agrophysical properties of soils results in a sharp decrease in the filtration
capacity. In contaminated soils, percolation of the soil during the day is only 0.46 m. In the soils, the
hydrophysical potential has been significantly reduced, the ratio of the solid, liquid and air parts has been
violated, a sharp change in the qualitative and quantitative indices of the components, soil degradation,
disruption of vital functions of crops and sharp fall in bio-productivity. All this is clearly confirmed by
the comparison of agrophysical parameters of weakly, mediumly and heavily polluted soils.
Anthropogenic factor is very significant. Watering of agricultural lands enriched with heavy metals of
water causes a change in a number of soil parameters, including acidity, heavy minerals are absorbed by
clay minerals. The accumulation during the technogenesis of heavy metals on the surface of soils is
explained by the fact that the carbonate system of soils is a barrier for them.
The increase in the content of heavy metals in the soil can also be related to the nature of agricultural
activities. For example, an increase in the concentration of copper in vineyards and orchards is directly
related to the use of copper-containing preparations. It should be taken into account that such crops as
spinach, potatoes, and marcs are characterized by increased ability to absorb heavy metals.
There are various methods for reclamation of soils contaminated with heavy metals, including
mechanical, physical-mechanical, chemical, and other soils. The effectiveness of each meliorative method
depends on climatic, geo-ecological and soil conditions.

Table . 2. Content of the heavy metals in agricultural lands, mg/kg
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Location, Sample

Cu

Zn

Mn

Pb

Ratevani, 12
Ⱥbdalo, 5
Kazreti, 10
Khatosopeli, 4
Biliji, 8
Savaneti, 4
Pakhralo, 12
Kveshi, 7

60-3625
40-687,5
35-200
60-100
55-85
40-115
55-1250
42-125

75-2250
100-625
85-100
110-212
90-120
105-135
70-750
100-120

625-1000
1125-1375
750-1000
1000-1250
750-1125
875-1000
625-1000
1000-1250

19-36
20-35
15-25
14-19
25-25
14-17
17-31
15-20

Table . 3. Content of the heavy metals in soils of vineyards, mg/kg
Location, Sample

Cu

Zn

Mn

Pb

Ratevani,2O
Pakralo, 3
Kianeti, 2
Bolnisi, 5

255-3125
130-625
290-305
100-170

165-2125
150-255
100-110
115-175

750-1625
1000-1375
875-1125
750-1375

22-41
22-31
32-35
17-22

Table 4. Average content of heavy metals in profile of soils, mg/kg
Depth, cm

Sample

Cu

Zn

Mn

Pb

0-20
20-40
40-60
60-80
80-100

20
20
20
17
9

155
71
55
47
48

116
104
95
90
86

967
960
955
1050
930

21
21
23
21
20

Table 5. Average content of heavy metals (mg/kg) in 0-20 cm

Location, Sample

Cu

Zn

Mn

Pb

682
349

480
250

1150
781

30
29

585

335

1208

25

Ratevani,
Vineyard, 20
Garden,12
Kveshi-Abdalo
Savaneti,
Tillage, 3
Garden, 3
Kianeti
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, Tillage 3
Vineyard , 2
Khatisopeli
Tilage,, 4
Vineyard, 1

55
297

80
105

897
1000

24
33

140

160

1125

22

In Georgia, there are no approved standards that determine the values of Maximum permissible
Concentrations (MPC) for heavy metals in soils. Taking into account the experience of normalizing the
gross content of heavy metals in the EU countries, it is proposed to select the MPC’s for Georgia, taking
into account the environmental hazards of each of the metals, which is determined by the maximum
permissible additives (MPA), according to the data of Dutch ecologists. In Georgia, for the highly
dangerous Cd, it is proposed to use the minimum value of the MPC used in the EU. For low-risk metals Zn and Pb – is used the maximum values of MPCs used in the EU. For moderately hazardous - Cu, Ni –
is used the average value of the MPC used in the EU.
Soil pollution by heavy metals remain in a number of pressing environmental problems [Andriano, 2001;
Vodyanitskii, 2017, Bakradze, et all, 2018}. At present, three main types of soil pollution by heavy
metals are accepted: global, regional and local (impacted).
Global pollution is associated with global trends in the movement of pollutants, which is not permanent, it
varies markedly with time. This type of pollution is largely determined by global climate transformations.
Regional pollution is analyzed by changes in the composition of river, lake and marine sediments. Local
soil contamination has three different forms.
The most common is pollution of soils from emissions of stationary sources and cars [Vodyanitskii,
Vail’ev, et all, 2010; Vodyanitskii, Savichev, et all, 1000]. However, after establishing strict standards for
air pollution by heavy metals in the soils of the EU and North America pollution has declined
significantly. Air pollution has also decreased in Russia. Now the problem is the restoration of soils
contaminated near industrial centers in the XIX-XX centuries [Kirpichokova, et all, 20016]. In Asian
countries: China, India, Kazakhstan, Iran, aerial contamination of soils continues.
Less common is the hydrogen contamination with heavy metals of alluvial and floodplain soils
[Vodyanitskii, et all, 2008, 2009]. The surface waters of rivers are often contaminated by mining waste
from mining operations. Thus, the most fertile floodplain soils are removed from circulation.
In connection with urbanization in the world, the scale of the hydrogenic contamination of terrestrial
areas around landfills near major cities is increasing. Heavy metals along with organic pollutants spread
with the flow of groundwater.
The third source of local pollution is the flow of heavy metals together with organic pollutants, for
example, in case of oil spills [Vodyanitskii, et all, 2012, 2013], getting into the soil from fertilizers, means
to improve the soil, etc. This type of contamination with heavy metals is relatively weak..
The solution of pollution problems largely depends on adequate standards for the content of heavy metals
in soils [Salminen, et all, 1997]. The most important standard is the maximum permissible concentration
(MPC) in the soil. But in Georgia, the meaning of their MPCs has not yet been legislated. Probably, the
experience of normalization of heavy metals obtained in the EU countries can be transferred to Georgia.
In the world, the practice of using as MPC the gross content of heavy metals, despite the obvious
drawback - the gross content includes the proportion of metal (often significant) in the composition of
inert compounds, mainly silicates, which do not affect vegetation. To eliminate this drawback, attempts
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have been made in Russia and the Czech Republic to introduce mobile (active) forms of heavy metal
compounds as standards [Belobrov, et all, 2004]. But in recent years, their defectiveness as a norm has
been shown, due to the dependence of the mobility of heavy metals on humidity at the time of sampling
[Opekunova, 2011].
But, at the same time, the gross content does not depend on the soil moisture at the time of sampling.
Therefore, in most countries, the maximum permissible concentration of heavy metals in soils has been
adopted [Vodyanitskii, 2012, 2013]. As another disadvantage, we point out the inability of MPC of the
gross composition to divide the content of heavy metal into natural and anthropogenic shares.
In the future, we will only discuss the maximum permissible concentration of heavy metals. Often these
values of MPC are assigned differentially, depending on the properties of the soils. For acidic and light in
the grain-size composition of soils, the MPC values are set lower than for neutral and heavy soils
[Ghamabashidze, et all, 2006]. This is due to the fact that in acid and light soils heavy metals are more
mobile and potentially more toxic to living organisms [Ghamabashidze, et all, 2006].
Data on soil contamination of Georgia with heavy metals are presented in [Ghamabashidze, et all, 2006,
2014].
Soil pollution from atmospheric air at 9 km from the village Kazreti, where the Madneuli Ore Mining
and Processing Enterprise is located, was found contamination of pasture soils and vegetation with heavy
metals: Cu, Zn, Pb [Agladze, et all, 2009]. In addition, significantly increased the content of these metals
in the blood and milk of cows and in dairy products: cheese, matzoni. In the area of the Madneuli Mining
and Processing Plant, which processes sulfide ores, the arsenic content close to the background values
was almost in all soils. The maximum is noted near the ore-processing plant. In vegetable food products
contaminated zone, the arsenic content is markedly increased, but besides the rare exceptions did not
exceed the MPC [Supatashvili, Loria, et all, 2002; Loria, et all, 2009; Supatashvili, Labartkava, et all,
2010;];
Hydrogen pollution of soils. Long-term studies were conducted in the Mashavera river basin [FelixHenningsen, et all, 2007, 2009, 2011]. The chemically extracted forms of heavy metals and the entry of
metals into plants in irrigated, heavily contaminated chestnut soils of the valley of the river were
determined. Mashavera to the south-east of Georgia. In the fertile irrigated chestnut soils of the valley of
the river Mashavera has a high yield potential. However, the waters of the river are polluted with mining
waste - quarries of copper and gold mines in the mountains in the middle reaches of the river Mashaovera.
As a result, most agricultural irrigated soils are highly enriched with heavy metals. The concentration of
total copper, zinc and cadmium increases with the intensity of land use and the degree of irrigation. It
reaches a maximum in arable land, somewhat lower in periodically flooded meadows, plantings of
vegetables, vineyards, orchards. The content of heavy metals exceeds the safety thresholds for plants,
animals and humans. So, the content of copper in soils is 200 times higher than the norms of the European
Union (60 mg / kg) and amount to 12,000 mg / kg; the content of zinc in soils is 15 times higher than the
norms of the European Union (200 mg / kg) and amount to 3,000 mg / kg; the content of cadmium in soils
is 1.5 times higher than the norms of the European Union (11 mg / kg) and amount to 17 mg / kg; An
increased risk of contamination of plant products with heavy metals is established.
The receipt of heavy metals with fertilizers. It is determined the content of heavy metals in phosphorus
and organic fertilizers [Manceau, et all, 1996; Oniani, et all, 2003] and in the soils of Georgia:
chernozem, meadow brown and brown carbonate [Oniani, et all, 2003]. The content of heavy metals in
these soils differs little from the background.
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4.2 MPC OF HEAVY METALS IN EU COUNTRIES
Considering the maximum permissible concentrations of heavy metals established by the legislation of
European countries - Austria, Czech Republic, Denmark, Finland, France, Germany, Italy, Norway,
Spain, Sweden, United Kingdom, Russia.
In Georgia, twice - in 2006 and 2017, a comparative analysis of MPC indicators in European countries
was carried out. In 2017, the National Environment Agency of the Ministry of Environment and Natural
Resources Protection of Georgia conducted an analysis of the MPC values of a number of EU countries,
including Bulgaria, Czech Republic, Estonia, Hungary, Lithuania, Poland, Romania, Serbia, Montenegro,
Slovakia, Slovenia, and Russia [Buivydaite, 1998; Darousin, et all, 1995; Decision of the ministry..of
Poland,1994; Decree on the Limit, 1995; Decree …Czech Republic, 1996; Duch pollutant standards;
Environment Policy and Regulation in Russia, European Soil Data base, 1999; Exposure limits in soil
Estonian, 1999; FAO-UNESCO, 2000; ISSS-ISRIC-FAO, 1998; Lithuania HN 60, 2004; Management,
1986; Ordinance, 1997; Romania Order, 1997; Proceedings of the Conference, 2008; Regulating the
permissible, 2001; Soils of Lithuania, 2000; Soil and Terrain Database, 2000; Vacha, et all, 2014; Van
Lynden, 1997; Varallyay, 1990]. In the publication of 2017, the standards of countries that have not been
noted earlier are considered, including Bulgaria, Estonia, Hungary, Lithuania, Slovakia, Slovenia, Latvia,
Poland, Romania, Serbia, Montenegro, Slovenia. In 2006, the standards of countries that were not
analyzed in 2017, including Austria, Denmark, Finland, France, Germany, Italy, Norway, Spain and
Sweden were discussed. In Table. 6 the values of MPC for soils of 11 countries of Europe and Russia are
summarized.
Table 6. Values of MPCs of chemical elements (general forms) for soils of the EU and Russia
N

Country

pH

As

Be

Cd

Co

Cr

Cu

Hg

Ni

Pb

Zn

<20

<20

<25

<30

<30

<40

mg/kg
1

Bulgaria

<15

<3.5
3.5-4.0

0.4

150

4.5

1.0

25

<25

5.0

0.8

170

<40

1.0

35

<40

<60

5.5

1.0

180

<60

1.0

50

<50

<90

<60

<110

<70

<200

5.7
6.0

<80
1.5

190

<120 1.0

60

6.2

<230

<75

<300

6.5

<250

<80

<320

<80

<340

7.0



<20

3.0

200

<260 1.0

70

7.5

<270

<80

<360

8.0

<280

<80

<370



V


2

ϴϳ
Czech
Republic

30

7

1

50

200

100

0,8

80

140

200

220

2

1

20

100

100

0.5

50

50

200

50

1

30

75

75

0.5

40

100

200

3

30

100

100

1.5

75

100

300

50

70

100

75

50

300

3

Estonia

4

Hungary

15

5

Lithuania

10

6

Poland

7

Romania

15

8

Serbia

<25

<3

9

Montenegro

20

2

10

Slovakia

30

11

Slovenia

20

12

Russia

10

1
2

20

3

40
30

100

100

1

<100 <100 <2

<50 <100 <300

50

50

100

1.5

50

50

300

5

50

250

100

2

100

150

500

1

20

100

60

0.8

50

85

200

55

2,1

85

30

100

150

100

200

150

We note an important circumstance. The data presented in Table. 6, the MPC values refer to the most
diverse chemical elements. They differ in many properties. Among them, a very dangerous, although light
metal, beryllium (n = 4), and a very dangerous heavy metalloid arsenic (n = 33). The remaining 9
elements are heavy metals, although of varying degrees of danger. Our choice of MPC values for Georgia
depends on the degree of danger of a particular heavy metal.
There are several gradations of heavy metals in terms of their environmental hazards. The most reliable
are the standards developed in the Netherlands [Crammentuijn, et all, 1997; Struijs, and all, 1997]. The
Netherlands environmentalists have established maximum permissible additives (SDA), above which the
receipt of heavy metals becomes dangerous. The SDA values were obtained as a result of numerous and
diverse ecotoxicological studies: a great deal of work was done to establish the toxicity of 17 heavy
metals and metalloids. [Crammentuijn, et all, 1997]. These studies included the effect of water extracts
from soils polluted by chemical elements on different types of organisms (at least four): plants,
representatives of soil fauna (earthworms, arthropods) and microorganisms. In addition, the biological
effect of heavy metals passing into solution (in laboratory experiments with suspensions) and in natural
conditions in groundwater and surface waters was taken into account. It is very important that the Dutch
ecologists took into account the toxic effect on soil biota, rather than the direct exposure of heavy metals
to human health by inhaling dust and drinking water. The final specifications were obtained after the
mathematical harmonization of a large number of experimental works (100 titles) on the effect of heavy
metals on biota and plants.

Table 7. Danger of elements according to the Russian general toxicological normative [Vodyanitskii,
2017] and according to the Netherlands values of SDM of heavy metals for soils [Crammentujn, et all,
1997].
ʋ



Hazard Class

Russia (general toxicological standard)


Netherlands


1

ϴϴ
Highly dangerous

As, Cd, Hg, Se, Pb, Zn

< 1 mg/kg: Be, Se, Tl, Sb, Cd

2

Moderately
hazardous

Co, Ni, Mo, Cu, Sb, Cr

1-10 mg/kg: V, Hg, Ni, Cu,
Cr, As, Ba

3

Low hazard

Ba, V, W, Mn, Sr

>10 mg/kg: Zn, Co, Sn, Ce,
Pb, Mo

Using the MPC for soils of the European Union and assessment of the risk of heavy metals in soils
according to the values of SDA, try to offer indicative values of MPC for soils in Georgia.

4.3. PROPOSED VALUES OF MPC FOR HEAVY METALS FOR SOILS OF GEORGIA
We have proposed equilibrium values of the equilibrium ecological state for heavy metals in the soils of
Georgia, taking into account their MPC in the EU and the degree of danger of each metal. Taking into
account the experience of normalizing the content of heavy metals in the EU countries, it is proposed to
select the MPC for Georgia, taking into account the ecological danger of each of the metals in the soils.
As a criterion of danger, the data on the maximum permissible additives (SDA) of heavy metals
determined by Dutch ecologists were used.
In terms of SDA values, all heavy metals studied by Dutch ecologists are divided into three groups in the
soils (Table 7). To the highly dangerous belong elements with SDA <1 mg / kg. Among them - cadmium.
To the group moderately dangerous include chemical elements with SDA = 1-10 mg / kg. Among them Hg, Cu, Ni. The group with low risk is the elements with SDA> 10 mg / kg. Among low-risk metals - Zn
and Pb.
As can be seen from Table. 1, the values of MPC for heavy metals in EU countries vary from 1.5 to 6
times. This variation is due to a variety of reasons, including the diversity of soils. On the territory of
Georgia, soils are also very diverse. At this first stage of rationing, the main attention should be given to
the difference in the degree of danger of heavy metals in soils. We propose for the Georgian soils to adopt
European MPCs within the limits of their variation, taking into account the different metal hazards.
For highly hazardous metals, it is proposed to use the minimum value of the MPC used in the EU. For
low-risk metals - use the maximum values of MPCs used in the EU. For moderately hazardous metals,
use the average value of the MPC used in the EU.
Highly hazardous metal cadmium. According to the norms of the EU countries (excluding the acid soils
of Bulgaria and the soils of Slovakia), the maximum permissible concentration of cadmium is from 1 to 3
mg / kg. For Georgia, we propose to adopt the most stringent, minimum value of MPC for cadmium used
in the EU. The minimum value of MPC = 1 mgCd / kg was taken in the Czech Republic, Estonia,
Hungary, Poland, Slovenia and Bulgaria. For Bulgaria, this MPC is adopted for acidic soils with pH =
5.5-5.7.
Moderately dangerous metal copper. According to the norms of the EU countries (excluding acidic
soils of Bulgaria), the maximum permissible concentration of Cu is according to EU norms from 50 to
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140 mg / kg. For Georgia, we propose to take the average, average value of MPC for copper, that is MPC
= 100 mg / kg. This value of MPC for copper is adopted in the Czech Republic, Estonia, Lithuania,
Romania, Montenegro, Slovakia.
Moderately hazardous nickel metal. According to the norms of the EU countries, the maximum
permissible concentration of Ni is from 50 to 100 mg / kg. For Georgia, we propose to take the average,
average value of MPC for nickel, that is MPC = 75 mg / kg. This value of MPC for nickel is adopted in
Lithuania and Romania.
Moderately hazardous metal mercury. According to the norms of the EU countries (excluding the acid
soils of Bulgaria), the MPC Hg is from 0.4 to 3.0 mg / kg according to EU norms. For Georgia, we
propose to take the average, average value of MPC for mercury, that is MPC = 1.5 mg / kg. This value of
MPC for mercury is adopted in Lithuania, Montenegro and Poland (for soils with pH = 5.7-6.0).
A little dangerous metal zinc. According to the norms of the EU countries (excluding the acid soils of
Bulgaria and the soils of Slovakia), the MPC Zn = 150-300 mg / kg. For Georgia, we propose to adopt the
least rigid, maximum value of the maximum permissible concentration for zinc from the used in the EU,
that is MPC = 300 mg Zn / kg. High MPC values have been adopted in many EU countries: Lithuania,
Romania, Serbia, Montenegro, Slovakia, Slovenia, and Bulgaria for neutral soils. The low danger of zinc
in the soils is confirmed by the high value of SDA = 16 mg / kg.
Zinc is an important microelement, vital for plants, which actively participates in many biochemical
processes. Plants in the conditions of Zn-deficiency suffer from chlorosis. Zinc deficiency is one of the
reasons for the low yield of a number of crops [Struijs, et all, 1997; mengel, et all, 1987].
The content of Zn in soils varies greatly. In the plow horizon of the central part of the Russian Plain, the
average content in gray forest soils is 63, in chernozems 46-55, in peaty soils 16-19 mg / kg [Ivanov,
1994-1997]. The lack of zinc is tested by light forest soils of the Non-Black Earth Region, excess - black
earth soils [Kovalsky, 1974].
Soil contamination with zinc deficiency can be useful for plant nutrition. On the other hand, man-made
zinc is firmly fixed in soils of heavy grain-size composition. The closeness of the ionic radius Zn2 + to the
Fe2 + and Mg2 + radii promotes their replacement by zinc in a number of layered structures [Manceau, et
all, 2002, 2004]. anthropogenic zinc in heavy soils also becomes inaccessible, taking the place of Al3 + in
octahedral layers of aluminosilicates. As a result, the– anthropogenic ZnO oxide in the soil quickly turns
into a stable Zn-phyllosilicate [ Voegelin, et all, 2005]. To a large extent, Zn is fixed (hydra) by iron
oxides and phosphates [Manceau, et all, 2002, 2004; Vodyanitskii, 2010].
Near one non-ferrous metallurgy plant in Russia, soils are heavily contaminated with zinc, its content is
10-100 times higher than the background. Nevertheless, the vegetable production was not contaminated.
This can be explained by both the low toxicity of Zn in the soil and the protective properties of the crops
themselves [Urushadze, et all, 2007, Varshal, et all, 1999].
A little dangerous metal lead. According to the norms of the EU countries (excluding the acid soils of
Bulgaria and the soils of Slovakia), the MPC Pb = 50-150 mg / kg. For Georgia, we propose to adopt the
least rigid, maximum value of MPC for lead from used in the EU, that is MPC = 150 mgPb / kg. Such a
high value of MPC is adopted in Slovakia.
The low danger of lead in soils is confirmed by a very high SDA value of 55 mg / kg. Biological
accessibility and chemical mobility of lead are weakly related to its gross content, but are confined to
soils with a deficiency of active carrier phases. Lead acquires mobility in soils with a low content of
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humic substances and (hydra) oxides of iron and manganese. Lead also becomes available with a decrease
in carbonate content [Morin, et all, 1999]. In other soils, lead is not very dangerous.
It is proved that in the soil Pb is strongly inactivated and loses its toxicity [Yelkina, et all, 2007;
Urushadze, et all, 2007].
The strong bond between Pb and organic matter is explained by its affinity with humates. Unlike a
number of other heavy metals, which are more associated with mobile fulvic acids in soils, lead is
preferentially fixed by more stable humates. This was documented by the method of synchrotron X-ray
analysis [Manceau, et all, 1996; 2002, Morin, et all, 1999]. Affinity with the structure of humic acids
distinguishes lead from other heavy metals. According to Varshal et al. [63], humic acid several times
sorbs Pb more than other metals (Cu, Ce, Cd). The salts of oxalic acid, common in soils, form a very
strong lead oxalate PbOx with the product of solubility Kp = 2.7.10-11 [Duch pollutant standarts]. This
also contributes to the anchoring of the element in the humus layer of the soil.
The mineral phase of the soil also has its influence. Lead is sorbed by priority and aluminosilicate gels: it
is absorbed by them in a much larger amount than Cu, Zn, Cd, Co, Ni [Savenko, et all,2009]. In a large
volume, Pb2 + is sorbed by iron hydroxides: at pH 6, more than 90% of lead is absorbed, while cadmium
is less than 10% [Ainsworth, et all, 1994].
Lead also has a weak effect on the biota of chernozem, its effect is weaker than that of selenium,
chromium, mercury, cadmium, arsenic, cobalt, antimony, copper at similar concentrations [Kolesnilov,
2010]. Over time, metals are gradually removed from the soil through consumption of plants, leaching,
erosion. Self-purification of sandy sod-podzolic soil is characterized by a difference in the safety of
metals: in 12 years the content of Cd, Cu, Ni, but not Pb, was significantly reduced [Plekhanova, 2007].
This is due in large part to the rapid decrease in the mobility of lead introduced into the soil [Ponizovsky,
et all, 2006]. In an experiment with sod-podzolic and gray forest soils, lead doses up to 1000 mg / kg did
not adversely affect plants [Dmytrakov, et all, 2004]. In Western countries, the proof of soil stability
contributed to a revision of the MPC value of lead to increase. Values of maximum permissible
concentrations of lead in urban soils reach in England 300, Canada 500 and 1000, USA 2000 mg / kg
[Baskin, et all, 2004].
In conclusion, we give the approximate values of the norms proposed for characterizing the different
ecological state for Georgia's soils: from permissible to disturbing (Table 7).

Table 8. Recommended gradation characteristics of the importance of Georgia's heavy metals
Element

Ecological State of Soils
Disturbing

Extraordinary

Equilibrium

Critical

Satisfactory

Acceptable

1

1-0.5

0.5-0.1

<0.1

Highly dangerous heavy metal
Cadmium

>3

3-1

Moderately hazardous heavy metals
Copper

>140

140-100

100

100-75

75-50

<50

Nickel

>100

100-75

75

75-50

50-30

<30






Mercury

ϵϭ
>3

3-1.5

1,5

1.5-1.0

1.0-0.5

<0.50

Low hazardous heavy metals
Zinc

>500

500-300

300

300-200

200-150

<150

Lead

>200

200-150

150

150-100

100-75

<75

So, in Georgia, there are no approved standards that determine the values of MPC for heavy metals in
soils. Taking into account the experience of normalizing the content of heavy metals in the EU countries,
it is proposed to select the MPC for Georgia, taking into account the ecological danger of each of the
metals. As a criterion of danger, it is proposed to use data on maximum permissible additives (SDA)
determined by Dutch ecologists. For highly dangerous Cd, it is suggested to use the minimum value of the
MPC used in the EU. For low-risk metals - Zn and Pb - use the maximum values of MPC used in the EU.
For moderately hazardous - Cu, Ni - use the average value of the MPC used in the EU.
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