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Some basic facts about heavy metals

Metals with a specific density of > 3,5 g*cm?

Low concentrations of Fe, Mn, Cr, Cu, Co, Mo, Ni,
Zn are essential trace elements for
microorganisms, plants, animals and humans

Without physiologicalimportance are Pb, Cd, Hg
and Th.

As natural constituents the occur in minerals and
rocks, but due to the mining of metals, the
production, use and weathering of goods from
metal and the production of metal waste they
disperse within the environment

Higher concentrations of dissolved and mobile
fractions of heavy metals in soils can favour a
loading of the food chain

They are not decomposable by chemical or
microbial processes and soils polluted with heavy
metals cannot be cleaned

Basaltwith high natural concentrations
of mineralogically bound heavy metals
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Sources and pathways of heavy metals in ecosystems

Emission Deposition

Input
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Heavy metals in foods are already
toxicin low concentrations for
humans, animals and vegetation!
Due to mining, industry and
the distribution of wastes
they can enter the food chain

In the course of industrialization, metal ores are mined and transported from
inside the earth's crust into the environment. They are stored on aboveground
stockpiles, melted and processed in factories due to the production of metal
objects. It is possible to recycle part of such metals, as long as the benefits of
separation, cleaning and recycling are greater than the costs. Residues of metal
products that are not appropriate for recycling become waste, which must be
disposed of safely. Due to the stocking of ores, the production of metal goods and
their abrasion during use and the deposition of metal waste, emissions occur that
are distributed mostly as dust within the environment. After deposition, the dust
enters the soils, where the metals are subject to adsorption. Under specific
chemical conditions, depending on the soil properties and the land use, the metals
can be dissolved. In this case they can be leached down to the groundwater by
infiltrating rain or the metals may be taken up by plants. Through animal grazing
or the harvest of fruit crops, they can enter the food chain and accumulate in the
body and become a health threat. Over time the metals accumulate in human
viscera and may cause a health threat.

Industrializing countries must take into account that all mined metal ores remain
and accumulate within the environment. They never return into the earth's crust.
For the spatial distribution of metals in the environment, the occurrence,
concentration, and mobility are most important.



Study area - location
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The study area is situated about 100 km south of the capital Thilisi in the middle
reaches of the Mashavera River. The climate is continentalneemd with arid
phases during the dry summers. Agricultural land use of the very fertile soils can
be assured only by irrigation of many market crops, such as vegetables and fruits,
during the growing season period. Therefore many irrigation channels are derived
from the Mashavera and its tributaries.

In a large open cast mine near the village of Kazreti, mainly copper and gold are
mined. Copper and gold are export goods and therefore important for the foreign
exchange of the country. Because the Madneuli ore mine is situated in a
mountainous area above the agriculturally intensively used areas of the
Mashavera valley and because the main irrigation channels are derived from the
Mashavera River below the mine and flotation plant in the Kazreti village, the
hazard is very high of river and irrigation water loading with mining and flotation
waste.



Study area - soil properties

Land use
Soll characionagls (h="121) arable land vegetable wine/orchard
pH (CaCly) 7,20-7,50 7,10-7,40 7,10-7,40
Carbonate (%) 4,43 4,46 2,05
Clay (%) 39-62
Organic Matter (%) 1,90 - 3,80 2,00-4,80 2,80-4,60

The soils of the Mashavera valley are very fertile Chernozems and Kastanozems
with a thick black humic topsoil. Furthermore, the low content of lime and high
pH values guarantee a sustainable and high microbial activity, which favors the
release of nutrients from the decomposition of harvest residues and the formation
of a stable soil structure. The contents of clay are rather high and, together with
the high contents of organic matter, indicates a high adsorption and storage
capacity for nutrients and pollutants.



Study area — land use

Due to the high fertility of the soils, the agricultural land use in the middle and
lower reaches of the Mashavera valley is very intensive. Large fields in higher
elevations on slopes, which are not irrigated, serve for cropping of cereals and
maize. Small fields below the main irrigation channels are mainly used for
growing vegetables, orchards and grape fields, frequently with mixed cropping of
vegetables, under irrigation. The alluvial plains on both sides of the Mashavera
River, which sometimes are flooded after heavy rainfall, are natural grassland and
therefore used for grazing of sheep and cattle.
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Study area - irrigation system

Mashavera river

Irrigation channel

Irrigation systems for large areas of the Mashavera valley were developed during
the Soviet period, as indicated by the concrete channels, but are no longer
functional. The agricultural fields below the channels are used intensively by

peasants growing vegetables, wine and fruits.



Study area — mining activities

lirigated areas
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Dammed basins for Open mine cast
flotation residues

Flotation plant
Kazretivillage
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Since 1972, a large open mine cast has operated in the mountainous region above
the Kazreti village, with copper and gold bearing ores mined and processed in a
flotation plant in order to separate the metals from the figedynd rock

residues. The latter are pumped as a suspension into a large basin, which was
formed by damming a valley. Because the open mine cast and the flotation plant,
as well as the basin for flotation wastes, are situated above the agricultural
irrigation areas while the irrigation channels are situated below Kazreti, there is a
very high risk of loading the Mashavera and the irrigation water with mining

waste.
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Mining - open mine cast and deposits of mining waste

Erosion of mine spoils on slopes
below the open mine pit

Open mine pit at Kazreti

Copper and gold bearing ores are mined in the open mine cast near Kazreti. The
sulfidic ores precipitated from hydrothermal waters due teymisanic

activities in former geological periods. Thick deposits of mining waste cover the
slopes around the open mine pit. The deposits are not fixed by vegetation and
therefore exposed to strong erosion of the fine material, which is washed
downwards the slopes.
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Mining - open mine cast and deposits of mining waste

Erosion of mine spoils on slopes
below the open mine pit

Huge deposits of mine spoils, which are uncovered by vegetation and subject to
erosion, cover the slopes of the mountain range in the source area of the
Kazretula river near Kwemo Bolnisi.
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Mining - flotation and deposits of flotation waste

Basin for flotation residues

Flotation plant

In the flotation plant of Kazreti the mined ores are finely ground. In the flotation
basins the rock and metals are separated and concentrated. The residues of rock
fines, which contain remnants of rertractable metals, are pumped as a
suspension into a large sedimentation basin that was built by damming a valley in
the mountainous area adjacent to the flotation plant.
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Mining - deposits of flotation waste

Basin forflotation residues
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Flotation plant Kazreti -

After filling a basin with flotation sediments, a new dam is built by piling up
sediments from the flotation basin. The generations of dams lying one upon
another create a huge deposit of flotation residues. Both the deposits of mining
waste on the slopes around the open mine cast and the deposits of old flotation
residues do not have vegetation cover. The metal remnants occur in the form of
metal sulfides, which oxidize in contact with air forming sulfuric acid, and leads
to a dissolution of heavy metals. Therefore the mining waste and flotation
sediments are strongly acidic and polluted with mobile heavy metals, which
prevents the growth of vegetation.
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Mining — erosion of deposits of mining waste

sulfur bacteria forming H,SO, Erosion material is washed to the Mashavera

The water in a small pond at the basis of the deposit of flotation residues is
enriched with sulfuric acid, which was washed by rain into the pond. At the water
surface, oily shining colonies occur of sulfur bacteria. The pH valuesiate 0

and indicate extremely acidic conditions.

The pond drains into a small creek, without any vegetation along the edge due to
the acid conditions. The creek runs down to the Mashavera and carries the acid
mine drainage (AMD) as well as the erosion material to the river.
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Mining — loading of the river with mining waste

Waste water channel from the flotation plant in Kazreti ::
and surface runoff from deposits of mine spoils

A channel with extremely acid waste water from the floatation plant in Kazreti is
loaded by surface runoff with fines from the deposits of mine spoils.
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Mining — loading of the river with mining waste

Mashavera

Suspended fines in the runoff and acid waste water pollutes the clean
Mashavera

river
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Some hundred meters upstream from the flotation plant people enjoy fishing in
the clean Mashavera river with completely unloaded, weakly alkaline river water.
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