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Abstract

Through this study special attention was paid to AMDs, originating from copper mines, containing different heavy metal ions,
and a certain amount of sulphuric acid. The research was conducted on the territory encompassing the RTB Bor mines (now
Serbia Zijin Bor Copper). The AMDs occurrences, their water composition, metal potential, and impact on the local surface waters
were determined. The major amount of mine waters flow into the Krivelj River damaging extremely its water quality. The research
also included monitoring the Timok river water quality along its course from the Krivelj River inflow to the confluence with the
Danube. Evaluating the metal losses, it was found that every year around 360 tons of copper, >500 tons of iron, and 30 tons of
zinc from mine waters are lost, as being transported via the Krivelj River to the Timok and then to the Danube.
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1.  Introduction

Maintenance of mining wastes, produced in heavy
metal mines, includes: dumps of out-of-balance ores,
abandoned mining works, not excavated ore body
edges, flotation tailings, mean significant costs for the
company, as well as a serious concern for society, due
to environmental problems closely related to the
company's mining activities. At the same time, these
wastes are valuable resources that could be exploited
and reprocessed, in order to produce an additional
amount of metals, reducing in such a way a risk, which
would cause long-lasting damage to communities
located in mines neighborhood. Mine works are, as a
rule, associated with the generation of mine waters,
which particularly represent a huge threat to the living
world in the environment of their origin. Active, or
closed, under closure, or even abandoned, whether it is
a metal or nonmetallic mine, they produce bigger or
fewer volumes of mine waters, contaminated with
dissolved minerals residues. These waters must be
purified, in order to protect the environment, which
causes a need for investing a large amount of money
for this purpose. Therefore, mine waters remain a
major concern, for which neither the European
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Community nor the rest of the world has found a proper
solution yet [1].

Here, special attention will be paid to mine waters,
originating from copper metal mines, known as acid
mine drainages (AMDs), which contain, besides copper
and other heavy metal ions, a certain amount of
sulphuric acid making them acidic. Although, AMDs
cause global environmental pollution problem, which is
difficult to be estimated, some studies suggest that up to
ca. 19,300 km of rivers, and around 72,000 ha of lakes
and similar water reservoirs around the world had been
polluted with considerably high concentrations of various
metal-sulfate salts and sulphuric acid [2]. The situation
in the Balkan countries is even worse in a view of
producing and discharging AMDs into smaller and
bigger rivers, polluting them heavily and irretrievably as
a consequence of ores mining in more than 20 active
copper mines [2-5].

The aim of this study was to recognize and
locate the place of each AMD within the RTB
copper mines; to define and determine the copper
potential of each source and to estimate the
metal amounts which are lost in this way. Also, to
highlight the full impact of these mine waters on the
environment.
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2.  AMDs generation
2.1. General about AMDs

Long-term metallic ores excavation and processing
in the Balkan Countries has devastated large areas of
land and surface water streams around the mine sites
[3, 5]. The mining technology is such that it produces
huge amounts of mining wastes deposited at the mine
edges, which can be considered as a permanent
environmental threat. The AMDs, originating either from
such dumps or from active or abandoned copper mines,
contain a considerable amount of heavy metal ions,
mostly copper and ferrous/ferric ions, as well as
sulphuric acid. The ions are generated as a
consequence of bio-, electro-, and chemical reactions
that occur between oxygen, water, native autotrophic
microorganisms, and sulfide minerals - pyrite and
marcasite (FeS2), before all, forming major AMD ionic
constituents [6-8, 20]. The process stoichiometry can be
described through the three main steps:

a) Oxidation of iron sulphide followed by the oxidation of
other sulphide minerals by ferric- ions:

2FeS; + 702 + 2H20 — 2Fe2* + 48024 + 4H*
chemical step W)

2FeS; +7.502 + H20 — Fez(S04)s + HaS04
bacterial step (1a)
FeSz + 14Fe3* + 8H20 — 15Fe2* + 25024 + 16H*  (2)
b) Oxidation of ferrous- to ferric- ion:

4Fe?* + Oz + 4H+ — 4Fe3* + 2H20 3)

c) Hydrolysis and precipitation of ferric- and other heavy
metal ions at an elevated pH:
Fe3* + 3H20 — Fe(OH)s + 3H* pH=3 4)
Once the sulphuric acid is produced, the other
heavy metal oxides, carbonates, or hydro-carbonates
will react with it forming corresponding sulfates. The
ultimate result is a runoff of mine waters characterized
by an elevated acidity and high concentration of various
metal ions. In fact, mine water chemical composition is
similar to the ore body mineral structure that is (or was)
under exploration. The process itself is very slow and is

being dramatically accelerated by mining activities,
mainly because of the sulfide minerals exposure to air
and moisture. By completing the mining activities, AMD
origination will be continued for a long time, even more
intensively in closed, or abandoned mines, than in the
active ones [9]. From such mining sites AMDs form
seepages and ponds at the subjacent of dumps, from
which mine waters frequently flow into surrounding
rivers in an uncontrollable way [10-12]. Besides copper
and ferric/ferrous ions, as major metal constituents, the
other transition metal ions are inevitably present in
AMDs, with considerably lower concentrations than
copper, but above the maximum allowed concentration
(MAC), defined by local regulations. Most of these ions
are toxic, even more than Cu?, as Pb?*, Cd?*, Be?*,
Hg?*, Bi?*, Te?*Te**, As3*/Ass, Cré*, ...; some of them
could be considered as valuable, or both — toxic and
valuable, as Zn2*, Ni2*, Co?*, MnZ*, when they appear
together with copper ions in a higher concentration, as is
the case with mining waters from polymetallic ore
bodies. The typical composition of mine waters from
three different sites on the globe, in order to illustrate the
previous statements is presented in Table 1.

Table 1 Linguistic scales for the weight of criteria

Concentration of metal ions, mg dm-3

Origin of  Dabaos Santa Cerovo  MAC',
mine Han, Rosa, Mine, Bor, [22,23]
water Guangdong, Spain [12] Serbia [4]

China [13]

Fe2/Fe 33117 694-845 0.14 1
Cu?* 14.80 15-46  130-150 0.1
Ni2+ 0.26 0.26 0.05
Zn2* 80.41 68-83 5.7 0.2
Pb2* 147 0.01

As¥/As5* 0.06 1.37-2.73 0.05
Cd?* 0.36 0.05 0.005
Cré+ 0.08 0.1
Mn2+ 66.28 38-45 9.7
Al 63.43
Co? 0.38 0.32 0.2

*MAC-Maximum allowed concentration

Copper ions, as the main constituent of AMDs,
appear in different Cu2* concentrations, depending on
the place of origin and the season. Various other ions
are also present in significantly lower concentrations,
with exception of ferric/ferrous ions, the concentration of
which can vary in a wide range - from less than 1 ppm,
up to several hundred ppm, as is shown in Table 1. In
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some cases, the concentration of iron ions can be
almost twice higher, than the copper ones, as is the
case with mine waters pumped out from the Bor
Underground mine [4]. The concentration of Fe2*/Fe3*
depends mainly on the mine water pH value, but also on
the composition of the place where it originates from. If
mine waters are more acidic (Ph < 3) iron will exist as
Fez*/Fe3* ions. At the pH = 3, ferric ions will
spontaneously be precipitated as Fe(OH)s interfering the
established Fe2*/Fe3* equilibrium and allowing further
oxidation of ferrous ions with atmospheric O2 to ferric
ones followed by their hydrolysis, according to the
stoichiometry equations:

4Fe2* + 0 + 4H* — 4Fe™ + 2H;0 (5)

Fe3* + 3H20 S Fe(OH)s + 3H* pH=3 (6)

If the iron sulfide minerals from an ore body were
altered in a greater extent through the geological period,
one can expect higher content of iron oxides, as well as
a higher percent of oxidized copper sulfide minerals, as
it is the case with some copper mines, having an
elevated percent of mixed oxide-sulfide ores. This
particularly relates to shallower zones of ore bodies
(oxide caps), which are more altered, but which will
firstly be excavated at a mine opening. In general,
wherever they emerge - from active or abandoned
mines, as well as from mine dumps, AMDs have serious
adverse effects on the surface- or groundwater, as well
as to the soil. On the other hand, mine dumps and
AMDs formed from them must particularly be considered
as valuable secondary raw materials, which could be
reprocessed, in order to extract residual metal, in a
measure, that the applied technology allows. There are
some approaches of implementing the new
technologies, combining conventional with newly
established processes, for this purpose [14, 15, and 21].
The problem is large and requires a concerted effort of
different scientific disciplines, as well as a permanent
collaboration with industry and governments. As a result
of these joint efforts, novel technologies for AMDs
treatment have emerged, or are still under research and
development, with an aim of separating and
concentrating some particular ionic constituents from,
producing either commercial products or making
environmentally friendly compounds. Adsorption could
be a promising approach to the mine water purification,
combined with other techniques, as is solvent extraction
and electrowinning, for example [15].

2.2. AMDs occurrences and their impact to the
environment

Currently, there are four active and abandoned
copper mines, producing significant amounts of mine
waters on various locations, shown as red spots on the
map in Figure 1: Open pit Cerovo and Open pit Bor are
closed mines, while Veliki Krivelj Copper Mine and
Underground Mine Bor are the active ones, in which 7
AMD sites exist, within 15 km distance from Bor, Serbia.
All the AMDs have similar chemical composition, but
different metal potential, defined as:

G = 87.6 - CnQ (=) tlyear )

Where: Gm- a mass of metal in t/year; Cm- concentration
of metal ions in AMD in g/m3, Q - mine water flow rate in
m3/h.
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Figure 1 Local map of the copper mines in the
Southeast Serbia: ® AMD sites, according to [16]
2.2.1. AMDs at the Cerovo Open Pit

The map in Figure 1 shows that there are three red
spots around the Cerovo Open Pit, which as such is
between two rivers — the Krivelj - and the Cerova River.
The biggest AMD, directed towards the Krivelj River,
originates from a mine dump, which arose from out-of-
balance ore, and ore parties with an elevated oxide-
sulfide minerals content, as not suitable for the flotation
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concentration, were dumped at the edge of the Cerovo
Open Pit, as shown in Figure 2. Shortly after the dump
formation a pond with mine waters appeared at the
dump foothill. To protect surface waters, downstream
the pond, a dam was constructed, named internally the
Ecology Dam. In order of keeping the mine water level
constant, the pump-line was built up for the mine water
transportation for feeding the cementation plant.
Besides the Ecology Dam, there are two more springs of
AMD on the opposite side of the Cerovo Mine, not far
from each other, gravitating towards the Cerova River,
here named as AMD 1 and AMD 2.

Figure 2 Photo of the mine dump and the mine water
pond (the Ecology Dam) in its foothill nearby the closed
copper mine Cerovo

Each of these three springs has different metal ions composition as is given in Table 2.

Table 2 Chemical composition of AMDs, originating from the considered copper mines

Metal ions mg/dm? Mn Cu Fe Ni Co Cd Zn Be pH
Ecology Dam 9.7 132.4 0.14 0.07 0.32 0.05 5.7 0.009 35-4
AMD 1 40.1 1050 <10 0.5 2.1 0.2 >20 0.003 35
AMD 2 65.7 1550 <10 1.1 5.6 0.4 >27 0.0074 34
Underground Mine 21.4 87 316 0.76 054 0.11 7.7 - 2.8
Saraka Creek 13.9 6.15 38.6 0.27 1.3 0.02 1.67 - >5

Unlike the Ecology Dam, AMDs 1 and 2, both have
for one order of magnitude higher metal ions
concentration. It implies, that these AMDs might
originate from underground water streams passing
through a part of the ore body containing higher percent
of oxidized metal minerals. Very low iron ions
concentration means there was significant alteration of
sulphide minerals including pyrite before all, which
were altered, due to chemical and biochemical
transformation into hematite, goethite or limonite.

Because of this, natural pH of the ore is < 4 [17],
indicating the presence of sulphuric acid, responsible for
the leaching of other metal oxides and generation of the
AMDs [6, 9].

According to the map (Figure 1), there are several
creeks, flowing into the Krivelj River. Some of them still
have high water quality, while the Cerova River is
worryingly damaged from two AMDs springing from the
lateral slope of the open pit, close to the riverbank, as is
illustrated in Figure 3.

Figure 3 lllustration of the AMDs impact to surface waters: a - pond of ihe

N e

791
accumulated mine water;

b - The Cerova River upstream from the AMD 1; ¢ - A smaller creek confluence into the Cerova River,;
d - The Cerova River polluted with mine water
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It is visible from the photos, how even the smallest
AMD could have a catastrophic effect to the Cerova
River downstream from the AMD 1 and 2 locations.
Although, there is no overflow of the AMD, either a crack
or a duct drains the accumulated mine water away from
the AMD ponds into the river. Within the time, the river
bed had got bluish-white colour, due to the copper ions
hydrolysis, being transformed into hydroxides and
precipitates covering the river bed. Precipitate
transforms spontaneously into copper carbonate or
hydro-carbonate due to CO2 naturally dissolved in water.
Water quality of the Cerova River gets a bit improved by
the inflow of a small creek (photo ¢ in Figure 3) but still
polluted, affects the water quality of the Krivelj River, by
flowing into it, as shown on the map in Figure 1.

2.2.2. Mine waters from the Veliki Krivelj Mine

There are two carriers of metal ions and sulphuric
acid sourcing out from the Veliki Krivelj Mine. The one is
mine water accumulated on the open pit bottom and
pumped out to maintain normal work at the mine. The
second source is the Saraka Creek flowing nearby the
overburden dumpsite, formed from the mine wastes.
Both mine water sources have significant flow-rates and
an elevated content of suspended particles (See Figure
4a), and a lower concentration of copper ions, varying
from several ppm up to a few dozen ppm with an
expressed tendency towards lower values, as well as
with a pH= 4.5 (See Table 2). The Saraka Creek flows
into the Krivelj River, downstream from the Veliki Krivelj
mine area, contributing further pollution of its water
quality. Mine water from the open pit bottom is being
pumped out and transported by a pipeline directly into
the Krivelj River. Unlike the Saraka Creek, it contains a
higher concentration of copper ions, on average > 50
ppm, what increases significantly the copper losses with
that water.

2.2.3. Mine water from the Underground Mine
Bor

The largest and the oldest AMD originates from the
Underground Mine. There are several independent
springs inside the underground mine, which are
collected at the deepest mine horizon, making an
underground pond of so-called blue water which is
characterized by a high concentration of copper ions,
and approximately 2 to 4 times higher iron ions, and the
pH < 3, as presented in Table 2 [4,17]. The blue water
flow-rate is significant and amounts > 200 m3 /h. In an

earlier period, to ensure normal underground mining, as
well as for recovering copper, blue water was
continuously pumped out into the cementation plant
constructed specially for this purpose, producing a few
hundred tons of cement copper for years. Recently, the
cementation plant has been closed, so that the whole
amount of copper contained in the blue water has been
lost. At present time, the blue water is being pumped
from the underground mine to be discharged partly into
the Bor's River before its deviation (See Figure 1), while
the rest is pumped into the flotation tailings dam. There
are no reliable data about the partition - how much water
flows into the flotation tailings dam, and how much into
the river.

2.2.4. State of the Krivelj River pollution and its
impact to a wider environment

Downstream of the Bor mine area, the Krivelj River
is so polluted with acid, metal ions, and fine suspended
particles, that it belongs to the fourth category of water,
in which, apart from bacteria, there is no other living
world [10, 17]. Due to a long-lasting pollution, the Krivel]
River banks and a narrow band of soil, are also
overwhelmed with sedimented flotation silt, which is
introduced into the Krivelj River, mainly by the Saraka
Creek but also by the drainage water from the flotation
tailings dam, making its waters turbid, what is visible
from the photos in Figure 4, which illustrate details of the
Saraka Creek (a) and the Krivelj River (b). The Krivelj
River has been used for a long time as a synonym for
extremely polluted water.

Flowing into the Timok River, the biggest river in
Eastern Serbia, the Krivelj River pollutes its water and
riverbank area, affecting even the Danube water quality
at the confluence area, where a high concentration of
copper, iron, and other heavy metals were found in the
sediments [10]. Monitoring water quality of the Timok
River along its flow from Zajecar to its confluence to the
Danube through three months, by measuring the
concentration of copper and iron ions, a concentration
peak of these ions at the point, where the Krivelj River
inflows into the Timok was found, which is illustrated in
Figure 5.

Smaller peaks obtained in November occurred due
to an increased water level of the Timok at that time.
Sudden decrease of the ion concentration is attributed
mainly to a dilution followed by hydrolysis of metal ions
and formation of corresponding hydroxides and their
spontaneous precipitation at those places, where the
water flow was calmer.
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(
Figure 4 The Saraka Creek (a) and the Krivelj River (b)
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Figure 5 Distribution of Cu?* (a) and Fe2*/Fe3* (b) ions along the Timok, from Zajecar (M1) to its confluence
into the Danube (M9); dashed line: maximum allowed concentration [10]

To summarize, the considered AMDs affect
dramatically the Krivelj River water quality along its flow,
as well as its river bank. Due to periodic flooding, the
flotation silt has covered an undefined area of land by
the river, making it completely unsuitable for any use. It
means that the AMDs via the Krivelj River consequently
affect the Timok water quality, its banks, and partly the
surrounding land, in the same way as they have done to
the Krivel River. Since the Timok is partly a border river
between Serbia and Bulgaria, the pollution, which the
Krivelj River brings to the Timok, has several times
caused diplomatic disputes between the two countries in
the past.

3. Balancing of the metal losses with the
AMDs outflow

3.1. Copper losses with the mine water springs

- current state

Balancing mine water from different sources and the
copper content in them is a thankless and heavy task,

due to many variables influencing it, such as: AMD spot,
flow-rate, concentration of ions, season of sampling, etc.
Each of these variables significantly varies with the time
of sampling. According to the map in Figure 1, three
main sources of mine water were recognized: Cerovo
Mine, Veliki Krivelj Mine, and Bor Underground Mine. To
assess, as far as possible, reliable mean values on
copper potential (See Eq. 7), water samples were taken
quarterly from each the AMD source, within ten years
(from 2006 to 2016) marked as a red spot on the map.
Besides the water sampling, flow-rate was also
measured, or estimated based on the working time of
the installed pumps. Expectedly, obtained results of the
samples analysis showed a great scattering, varying
from each other even two-three times from year to
year. Each source has shown a different mean
annual copper potential, evaluated from the
concentration of copper ions and water outflowing. The
mean annual values of the flow-rate Q, concentration of
copper ions Ccu?*, and the copper quantity Geu, for
each of the AMD, are summarized and presented in
Figure 6.
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Figure 6 Copper losses from different sources
generated in the copper mines (Based on [4,18])

As already mentioned, the AMD flow-rates vary in a
wide range of values — from several thousand cubic
meters up to more than 2 million m3/year, depending on
the season and place where it originates from. The
copper potential, closely connected with the mine water
flow-rate, also varies in a wide interval of values.
According to Figure 6, an approximate total copper
potential does not exceed 370 t/year. This amount of
copper ions is sufficient to pollute any surface
watercourse having the flow-rate lower than 120 md/s.
The total copper potential has been lost through the
Krivelj River so far, cutting down an overall metal
extraction efficiency, which reflects directly to the
company’s income. Besides the copper losses, more
than 500 t/year of Fe2*/Fe3*, as well as = 30 t/year of
Zn?* jons, as well as unknown amounts of Mn, Ni, Co, Y,
and other transition metals were carried away with mine
waters [4, 10, 18]. As pH varies very much from one
AMD source to the other (See Table 2), the mass of
H2S0q4, roughly estimated, is amounted max 122 tlyear.
Major acid amount, approximately 120 t/year, comes
from both the Underground Mine and Cerovo mine
AMDs. The Saraka Creek and the Veliki Krivelj Mine
bring only about 2 to 3 t/year of H2SOa4.

3.2. A brief consideration of ways for mine
waters treatment

Decades of mine water discharge into the Krivelj
River should not be allowed in the future, due to the
growing pressure of domestic legislation, as well as the
demands of the international community to reduce
further pollution of the Timok water and then the
Danube, as an important European waterway. With the
strengthening of awareness about environmental
protection and increased need for more rational
water management, the pressures will be boosted,

followed by relevant sanctions against the current
copper producer.

Advanced mine water purification processes, in
combination with conventional techniques, able to
reduce the concentration of metal ions in mine water,
can achieve the water quality to be discharged into the
recipient [1, 8,16,19]. Each of these technologies has its
limitations in terms of applicability, the scope of
purification, and economic viability.

According to Table 3, more than 50% of the total
amount of copper comes from the underground mine
blue water, making it the main source suitable for
copper recovery from it. AMDs from the Cerovo Mine
have been identified as the second copper source
suitable for copper recovery. Water from these springs
can easily be collected and transported to be mixed with
blue water from the Underground Mine, and then all
together treated. Mine water from the Open Pit Veliki
Krivelj could also be considered for the copper removal,
having an elevated copper potential. Water from the
Saraka Creek, as well as streams sourcing from the
tailings dam, should be treated separately, by employing
some passive methods of processing [1,19]. At
present, water from the flotation dam is partly reused
in the flotation concentration plant, while a part flows,
as drainage water, into the Krivelj River. Increasing
the dam height will reduce the water leakage
through it, achieving better management of that part
of water. Water from the Saraka stream can be
purified by a passive method for the deposition of
suspended particles while reducing the concentration of
metal ions and sulfuric acid by neutralization and
precipitation. For this purpose, the construction of a
reactive barrier with a pond seems to be a good
method for its liberation from contended ions and
suspended solids.

4. Conclusions

Acid mine drainages (AMDs) are a serious threat to
the environment. Wherever an AMD appears, the mining
company, as their owner, and the municipality around
the copper mine must take care of them, minimizing
their harmful impact on many parts of the ecosystem
around the mine. Active or closed heavy metal mines,
mining dumps, and other mining wastes are the sites
where the AMDs comes from. Through this study, seven
springs of mine waters were described i.e., their place of
origin, their impact on the surrounding rivers, chemical
composition, flow-rate, and other relevant features,
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based on which copper potential of each AMD was
estimated.

This study has shown catastrophic effects of the
AMDs from the three copper mines on the creeks and
rivers in their neighborhood. All creeks and rivers are
seriously deteriorated downstream of the mining area
where they flow, due to continuous long-lasting extreme
pollution by heavy metal ions and fine particles of clay
and sand. It was found that the major volume of mine
waters flows directly or indirectly (via its tributaries) into
the Krivelj River, while a minor, not measurable volume
is pumped to the flotation tailings dam, to be partly
recycled and, as drainage water inflows into the Krivelj
River. Its water belongs to the fourth category, with no
living world in.

The flow-rate of each AMD varies very much,
depending on the season and the place where it
originates from, in a wide interval of values — from
several thousand cubic meters per year, up to more
than 2 milion m3/year. The copper content, and
concentration, also vary in a wide interval of values.
Approximately 360 to 370 tons of copper-, more than
500 tons of iron-, and around 30 tons of zinc ions,
together with smaller amounts of other heavy metals,
are being transported every year via the Krivelj River
towards the Timok and the Danube.

Mine waters from the Underground Mine, as well as
the AMDs from the Open-pit Cerovo, could be
considered as recoverable, due to the copper
concentration in these sources, their lower pH, and the
place of origin. That will contribute to lesser pollution of
the Krivelj River by heavy metal ions and to cleaner
copper production.

Long-term discharge of mine waters directly into the
surrounding streams and rivers that were practiced in
the RTB mines is economically unsustainable for the
company and a crime against the environment.
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KISELE RUDNICKE VODE IZ RUDNIKA BAKRA U JUGOISTOCNOJ SRBIJI -
LOKALNI PROBLEM SA UTICAJEM NA MEDUNARODNOM NIVOU
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lzvod

U ovom radu posebna paZnja je posvecena kiselim rudni¢kim vodama (AMD) koje poticu iz rudnika bakra, a koje sadrZe
razlicite jone teskih metala i odredenu koli¢inu sumporne kiseline. IstraZivanje je sprovedeno na prostoru koji obuhvata rudnike u
sklopu RTB Bor (danas Srbija Zijin Bor Copper). Utvrdeno je postojanje kiselih rudni¢kih voda, njihov sastav, potencijal za
ekstrakciju metala i uticaj na lokalne povrSinske vode. Najveca kolicina rudnickih voda se uliva u Kriveljsku reku Sto izuzetno
naruSava njen kvalitet. Istrazivanje je takode obuhvatilo i pracenje kvaliteta vode reke Timok duZ njenog toka od mesta gde se
Kriveljska reka uliva u nju do usca u Dunav. Procenom gubitka metala utvrdeno je da se svake godine izgubi oko 360 tona bakra,
viSe od 500 fona gvozda i 30 tona cinka u rudnickim vodama koji se preko Kriveliske reke transportuju do Timoka, a zatim do
Dunava.

Kljuéne reéi: Joni teSkih metala; Rudarski otpad; Rudnicka voda; Kisele rudnicke vode (AMD); Zagadenje vode.




