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Abstract: gold-containing ore deposit „milin kamak” is situated in the area of Breznik 
city in the Breznik district. its exploitation, which pursuits extraction of gold, is pending. the 
expected concessional area is 2198 dka. it includes agricultural and forest lands. the agricul-
tural area is 1903 dka, 693.8 dka (31.6%) of which is arable land. the total area of the forest 
territory inside the concessional outline is 295 dka. the aim of this study is to grade the heavy 
metal content in soils taken from different types of land use. the present contents of pb, 
cu, Zn, mn, cd are determined, which can help for tracing of changes under the influence 
of the forthcoming ore deposit extraction. soil samples were taken for analysis from soils in 
pastures and arable lands close to the deposit and to the viskyar village. soil samples were 
taken from the soil from the plantation of austrian pine (Pinus nigra arn.) on the forest ter-
ritory, which is in close to the viskyar mountain. database for heavy metal content in soils 
of different types of land use is created, which may allow a long-term observation of the soil 
chemical content and of its reaction.
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extraction of gold dates back to ancient times and the gold extraction 
technology has been evolving towards extraction from deposits with lower 
concentration. the consequences of this extraction for the environment are 
considered as a risk for peoples’ health. numerous modern studies can be 
found in the literature, which show the current influence of gold extraction on 
the environment. contamination of soil, waters, plants and others is proven. 
the main contaminators of the soil are hg and cd (Xiao et al., 2017). 
according to grimaldi et al. (2015), contamination with hg leads to changes 
in the soil formation process and disturbs the balance between accumulation 
and migration of the element, in favuor of migration. in this case the soil 
plays the double role of „absorber“ and “source” of contamination for other 
environments. pb is also considered a significant contaminator of the soil. 
abdalla et al. (2017) reports an increase of its concentration in the upper 
soil layer up to 676.3 times. Jarsjö et al. (2017) points out that the primary 
source for contamination of the environment are river sediments, which have 
high concentrations of as, sr, mn, v, ni, cu and cr. the erosion of the 
soil is also considered as a source of contamination with a variety of heavy 
metals – mn, ni, al, Fe, Zn, pb, co and cd (abdul-Wahab et al., 2011). 
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depending on the particular conditions and the applicable technologies 
for gold extraction, it is proven that high concentrations of mn, al, ni, Fe, 
cr and v are accumulated in different plants. absorbed by the plants, they 
show high metal immobility (abdul-Wahab et al., 2011). also, significant 
contamination with hg, cd and pb in cereals, leaf vegetables and others is 
found close to deposits (Xiao et al., 2017). similar studies have contributed 
for the development of methods for phytoremedation of the contaminated 
soils (hidayati et al., 2009). there are many gold deposits in Bulgaria. the 
studies which are related to them are mainly focused on mapping, searching 
for gold, exploration and exploitation of different genesis and morphology 
fields (kalaydjiev, 2009; milev et al., 1996). information on soil contamination 
under the influence of gold mining is limited (dombalov et al., 2004). 

The aim of this study is to assess the heavy metal content in soils 
from different types of land use in the region of the gold-containing ore 
deposit “milin kamak” in the period before the start of extraction actions, 
considering future observations and assessments. 

OBJEcTS AND mETHODS

deposit “milin kamak” is situated on the territory of Breznik city, pernik 
region. the production area envisaged includes the enrichment plant, tailing 
pond, etc. the extraction actions will affect mostly agricultural land – 1903 dka, 
31.6% of which are arable lands and 295 dka forest territories (eia 2013).

soil-forming rocks in the region of the deposit are volcanic – sediments, 
introduced from andesite breccias, andesites, andesite tufts and clay sediments, 
such as marl, aleurolites and others. two soil types are encountered – in 
the north side of the territory Chromic Luvisols, which are shallow, from 
slightly to highly eroded and in the south side – Vertisols. their profile is also 
shortened under the influence of erosion processes (eia 2013).

the subjects are selected by a land use indicator – arable lands, pastures 
and forests. sampling points are selected for them to be closest to the projected 
area for the concession. and where the strongest impact is expected.

Chromic Luvisols profiles are studied in areas with different land use: 
two profiles in meadows and pastures, one profile in arable land on forest 
territory in the viskyar mountain, one profile in meadows and one profile 
in a plantation of austrian pine (Pinus nigra arn.). the soil samples were 
taken by layers. For the soils from agricultural lands – from depths of 0-20 
cm and 20-40 cm (according to the requirements of the national ecological 
network); and in forest territory – at 0-5 cm, 5-10 cm, 10-20 cm and 20-40 
cm (according to isp Forest manuel 1986-2016).

the following analysis were performed: pн(н2о) and pн(cacl2) (iso 
10390); mn, Zn, cu, pb and cd contents – aqua regia extraction (iso 
11466) and measurements with ааs perkin elmer 5000.
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RESuLTS

the soil solution reaction is one of the leading factors, which determine 
the behaviour of heavy metals in the soil. the studied Luvisols from the 
plantation of austrian pine (Pinus nigra arn.) in the viskyar mountain and 
the one from the meadow were characterised with slightly acid reaction. the 
obtained ph values   were above 6.0 (тable 1), i.e. above the limit of their 
ion mobilisation, which determined precipitation as insoluble and unavailable 
to plants forms (chuldjian, 1984). the exchangeable acidity measured as ph 
in salt solution showed “mostly low buffering capacity” against acidification, 
which was determined by weathering of primary silicates (by the ulrich scale, 
1983). at this stage the soil preserves its basic richness and, in addition, its 
conditions for immobilisation of heavy metals.

in regulation no 3 “norms regarding the maximum permissible limits 
of soil pollutants” from 2008, there are no criteria for the assessment of soils 
in forest territories. its application can only provide an indication that the 
studied soils contain concentrations of cd and pb higher than the background 
and precautionary values. the content of cu varied between the background 
and the precautionary concentration; and of Zn – corresponded to that of 
the background. compared with the soil assessment scale of europe’s forests 
(vanmechelen et al., 1997), the quantities of the investigated heavy metals 

Table 1. heavy metal contents in chromic luvisols in different types of land use 

Land use Soil Depth 
(cm)

рн 
(н2О)

pH 
(cacl2)

Pb cu Mn Zn Cd

mg.kg-1

Forest (Viskyar)

0-5 6.1 5.5 0 49 872 77 1.8

5-10 6.0 5.5 42 55 736 65 1.6

10-20 6.0 5.5 43 53 825 69 1.7

20-40 6.0 5.5 44 54 740 63 1.7

meadow (Viskyar)

0-10 6.2 5.8 35 60 780 88 1.9

10-20 6.4 5.8 39 57 843 88 2.1

20-40 6.5 6.0 35 58 827 88 2.0

Arable land
0-20 7.1 6.6 125 91 1830 185 2.9

20-40 7.1 6.7 140 94 1792 202 2.9

Pasture 1
0-20 6.5 6.1 123 98 1778 190 3.0

20-40 6.3 5.9 133 99 1918 198 2.9

Pasture 2

0-10 6.3 5.8 564 99 2292 574 5.6

10-20 6.3 5.7 526 97 2057 614 6.0

20-40 6.5 6.0 542 98 2067 619 5.8
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are estimated to be medium for pb, mn, Zn and high for cu and cd.
in the studied agricultural lands, which are assumed to be affected by 

the extraction actions, the reaction of the soil solution was neutral in the 
arable land and slightly acidic in the pastures. the conditions were favourable 
and showed prevalence of immobilisation processes in the behaviour of the 
heavy metals. 

the measured concentrations in arable lands were characterised with 
high values. exceedances above the maximum acceptable concentrations 
(mac) were found for pb – 1.2 times and for cd – 1.4 times. the other 
heavy metals, cu and Zn, exceeded the precautionary concentration 1.5 and 
1.2 times, respectively. 

regarding mn, regulation no 3 sets no assessment criteria, but 
compared to the soil from the forest territory, in the arable land and pastures 
the concentration of this element was higher.

highest concentrations in soils from different types of land use were 
found in soils from pastures. only the amount of cu did not exceed the 
maximal acceptable concentration in them. nevertheless, the measured 
concentrations for cu were high compared to those for the other studied 
profiles, as well as the background concentration reference from regulation 
no 3 – 34 mg.kg-1 and others.

in pasture no 3, the maximal acceptable concentration was exceeded 
only for cd – 1.2 times. the content of pb was close to the mac (130 
mg.kg-1) and that of Zn was much lower than the mac (390 mg.kg-1). 
the soil was estimated to be slightly contaminated with cd. the maximal 
acceptable concentrations for Zn and cd were exceeded in pasture no 2 
by 1.5 times and 2.2 times. respectively for the content of pb even the 
intervention concentration specified in regulation no 3 – 500 mg.kg-1 was 
exceeded, which has confirmed the existence of risk for the environment and 
for humans. 

the soil in this pasture was considered to be very heavily polluted. it 
has been necessary to had been taken environmental protection measures 
until now, related to restriction for land use.

considering the low depth of the explored profiles formed by past 
erosive processes, we could assume that high concentrations of heavy metals 
were a result of strong influence of a geological basis enriched with heavy 
metals. 

similar results in the country were obtained for the territory of the 
gold deposit near krumovgrad. the content of arsenic, chromium, nickel, 
silver and gold is increased in the soil of the ada tepe hill, the lands of 
the villages of sarnak and skalak, under the influence of the naturally 
enriched geochemical background (dombalov et al., 2004). For the area of 
the Breznik city, the possibility of anthropogenic soil contamination from 
industrial sources is excluded because of the absence of such nearby. the 
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question remains of the influence of extractive activities from the distant 
past, on the soil in the area of   the deposit, if any such have been performed.

cONcLuSION

the studied Chromic Luvisols from different types of land use in the 
region of the gold deposit “Breznik” contain high heavy metal concentrations 
only in pastures and arable land situated in close proximity to the deposit. 
it is assumed, that concentrations of pb, cu, Zn, mn and cd have been 
formed from the naturally enriched soil-forming rocks. the exceedance of 
values   defined as pb interferences and maximum allowable for cu and Zn 
determines the need to limit the use of soil in this area for purposes that 
may be hazardous to the environment and to humans.

the results obtained allow for long-term observations and comparisons 
for the content of heavy metals in the soil and its reaction in different 
periods after the extraction works commence.
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СъДържание на ТежКи МеТаЛи В ПОЧВи ОТ 
СъДържаЩО ЗЛаТО рУДнО наХОДиЩе „МиЛин КаМъК“

И. Н. Андреева, К. Г. Петрова

(реЗЮМе)

находище на златосъдържаща руда „милин камък“ е разположено 
в землището на гр. Брезник, община Брезник. Предстои неговото 
разработване с цел добив на злато. Предвидената концесионната 
площ е 2198 dka. тя включва земеделска и горска територия. 
земеделска земя е 1903 dka, от които 693.8 dka са обработваеми 
земи (31.6%). общата площ на горската територия в рамките 
на концесионния контур е 295 dka. Целта на изследването е да се 
оцени съдържанието на тежки метали в почви от различни видове 
земеползване. установява се  актуалното съдържание на pb, cu, Zn, 
mn, cd, които да послужат за проследяване на настъпващи промени 
под влияние на предстоящия рудодобив. Проби за анализ са взети 
от почви в пасища и обработваеми земи в близост до находището 
и село Вискяр. В горска територия в насаждение от черен бор са 
взети проби от почва в близост планина Вискяр. създадена е база от 
данни за съдържание на тежки метали в почви от различни видове 
земеползване, която позволява дългосрочни наблюдения за химичния 
състав на почвата и нейната реакция.
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