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ABSTRACT

With "easy" ores becoming diminished, extractive industries are now shifting towards difficult
deposits. In the future, gold-arsenic-bearing refractory ores will represent a prime example of the
type of ores that may become more typical sourse for global gold recovery operations. Mining and
beneficiation of As-bearing ores inevitably produce As-bearing wastes, which exacerbate any
natural As mobilization. The mobility of As is governed by the interplay of redox reactions,
adsorption/desorption, ion exchange, precipitation/dissolution, and biotransformation. The
dominant processes depend on local biogeochemical conditions of the media, such as pH, Eh,
chemical composition, as well as the presence and intensity of biological activity. This article
provides an overview of current research on arsenic contamination of the environment caused by
mineralization, mining and extraction of gold on the example of specific gold deposits.
Keywords: refractory gold-bearing ores, arsenopyrite, gold recovery, arsenic, mobility.

Seitkan Ainur

Information about authors:

- candidate in technical sciences, associated professor of the Higher School of Natural Sciences.
Astana International University, Nur-Sultan, Kazakhstan. ORCID ID: 0000-0001-9309-500X. Email:
seitkanainur.77@mail.ru

Redfren Simon Anthony Turner

- Professor of Mineral Physics, Dean of College of Science, Nanyang Technological University,

Singapore. ORCID ID: 0000-0001-9513-0147. Email: simon.redfern@ntu.edu.sg

Introduction

Historically, gold is a symbol of prosperity.
Nowadays, gold is one of the major economic assets
of nation states, and a significant means of
international payment. About 60% of all the mined
gold worldwide is in the hold of governments and
central banks, therefore gold mining is one of the
strategic motors of the economy [1].

The common causes for refractoriness in ores
are physical or chemical binding of the gold and the
presence of reactive gangue minerals. Over the past
century, many methods have been developed to
increase gold recovery rates and itensify gold
leaching [2-4].

However, the main concern in mining and
processing of the refractory As-bearing gold ores is
As. The concentration of As in gold ores can vary
from trace levels to more than 5000 mg/kg. Such
gold is not extractable without significant ecological
contamination from the associate arsenopyrite
mineralisation. Arsenic poses economical risks by
complicating the gold recovery process and affecting
gold production costs, as well as creating ecological

risks associated with emission and disposal of As-
containing wastes.

A number of papers have been published that
attempt to elucidate sources or triggers of As in
natural environments and industrially-contaminated
areas, mechanisms of its attenuation, and controls.
Here, we present an overview of current research
and observations on arsenic contamination caused
by gold mineralisation, mining, and extraction. We
will do so by reviewing the case studies of particular
mines.

Mokrsko-West gold deposit

The Mokrsko-West gold deposit (MWD) in the
Czech Republic, containing an estimated 100 t of
gold reserve [5], is a unique example of As
contamination caused by a gold deposit which is
unaffected by mining. The main constituents of the
MWD ore are quartz, calcite, and silicate minerals.
The main As-containing mineral is gold-bearing
arsenopyrite, which is responsible for 95% of the As
load into local soil. The remaining As input comes
from loellingite, stibnite, and pyrite. Soils are
generally pH neutral, but slightly lower pH in the
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surface layers, due to presence of organic acids. The
average precipitation in the region is 555 mm/year,
with mean temperatures in July of 17°C, and -3 °Cin
January. Weathering of primary minerals generates
secondary  As-bearing  minerals, such as
arseniosiderite, ferrihydrite, goethite, hematite,
pharmacosiderite, and scorodite. The
concentrations of As in the soils have reached
>200mg/kg nearby (at a distance of 1.12 km). As is
found as arsenates and Fe oxyhydroxides (goethite
and hematite) in soils, whereas in sediments As is
associated mainly with Fe oxyhydroxides. The As
content in the groundwater varies from 255 - 1690
pg/L, and around 50 - 340 pg/L in surface water.
Waters are neutral to slightly alkaline, of Ca-HCO35"
type. High As concentrations were detected in in the
redox transition zone of groundwaters, as a result of
the reductive dissolution of scorodite,
arseniosiderite, pharmacosiderite, and As-rich iron
oxyhydroxides. Reducing conditions can occur due
to groundwater elevation or/and intense microbial
activity. In surface water, the highest As®*/As>* ratio
(>16) was detected in muddy areas rich in organic
matter. A positive correlation between As**/As®>* and
DOC, recorded in all water samples, points to the
important role of microbial processes in controlling
the speciation and mobility of arsenic at the MWD.

Arsenic transformations occurring at the MWD
site start from arsenopyrite oxidation in the
environmentally-relevant pH range of 4-9, and the
release of As** and Fe?*:

FeAsS + 7H,0 - Fe?*(aq) + H3AsOs(aq) + 11H* +
+1le+S04>

If dissolved As3* is transported to a more reducing
environment, such as sediments or shallow
subsurface soils with elevated groundwater levels
and high microbial activity, the main mechanism of
As immobilisation is bonding to newly formed Fe and
As sulfides by adsorption and co-precipitation.
However, the most probable sequestering mineral is
Fe sulfide, as the concentration of dissolved As®*
does not exceed the solubility of realgar and
orpiment in the reducing sediments of MWD. This
hypothesis is supported by the fact that, firstly, As
sulfides can be formed at low pH, in reducing
conditions, and at low Fe%* concentrations.
Secondly, thermodynamic calculations show that
during the slow decrease of redox potential, Fe
sulfides (pyrite and mackinawite) tend to
oversaturate earlier than As* sulfides. Hence, the
main control on As transport in reducing
environments is the solubility of Fe sulfides.

In contrast, under oxidising conditions As®*
oxidises to As>*, and Fe?* to Fe*. Below pH 3 in the
oxidising zone of saprolite, high concentrations of
As®>* may result in the formation of scorodite:

H3AsOs + H,0 > HAsO4> + 4H* + 2e”

H3AsOs3 + H,0 = HyAsO4 + 3H* + 2e”

Fe?* + 3H,0 > Fe(OH)3(aq) + 3H* + e
H,AsO4 + Fe3* + 2H,0 > FeAsO4-2H,0(s) + 2H*

Dissolution of carbonate minerals releases Ca*
and Ba®* into solution, thus neutralising acidity. At
circumneutral pH, arseniosiderite and Ba-
pharmacosiderite can be formed from such alkaline
earth cations.

3H,AsO4 + 2Ca®* + 3Fe(OH)s(aq) >
- CazFeg(ASO4)302'3H20 + 4H,0 + H*

3H,As04 + (1-n)Ba%* + nCa®" + 4Fe(OH)s(aq) >
- (Ba(1.n),Can)Fe4(AsO4)3(OH)5-5HzO + H,0 + OH"

Incongruent dissolution of Ba-pharmacosiderite
can result in arseniosiderite:

(Bay1-n),Can)Fes(AsO4)3(0OH)s-5H,0 + (2-n)Ca?* >
- CaFes(As04)30,:3H,0 + Fe(OH)s(aq) + (1-n)Ba* +
+ 2H,0 + 2H*

Hence, in oxidising environments, As mobility is
controlled by the solubility of arsenate minerals, as
well as the degree of As adsorption onto Fe
oxyhydroxides. The latter is the most important sink
of As at the MWD, in some cases containing up to
16% As.

In the transition zone (the upper boundary of
which lies just below groundwater level), the rate of
sulfate reduction into sulfide is low, and the
concentration of dissolved As is insufficient to
induce As sulfide precipitation. Under these redox
conditions, arsenates are relatively insoluble,
however, in the presence of reductants, the
concentration of arsenates may be substantially
greater. It has been found, by sequential extraction,
that As is mostly bound to a reducible fraction,
confirming that the high As content is a result of
reductive dissolution of arsenates and Fe
oxyhydroxides.

Iron Quadrangle
Another example is The Iron Quadrangle (1Q) in

Brazil. This is associated with a large As geochemical
anomaly arising from gold mineralization and
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amplified by gold mining operations [6]. Overall, 390
000 t of As has been discharged into the drainage
system of the 1Q region. The regional climate is
temperate and tropical, sub-humid, with dry winters
(April - October), in spite of a mean annual
precipitation of 1500-1900 mm. Rain falls from
November to January. High average temperatures
and high precipitation induce intense weathering of
sulfides, and this might be expected to result in
AMD. However, the presence of carbonates in the
ore neutralizes the waters, produced from sulfide
mineral oxidation and dissolution, yielding pH > 7.5.
The Eh of water is in the range of 128-220 mV.

High As in the groundwater of the IQ resulted
from leaching of arsenopyrite oxidation products by
fluctuations in the water table. Water running from
a mineralised vein from the Passagem mine
contained 2980 pg/L As, for example [6]. The As
content in water from an adit reached 800 pg/L. This
water flows to the Carmo river, where the
concentration of As in sediment samples close to the
Passagem mine is found to be 4700 mg/kg. The
concentration of As in water is found to be lower in
winter. This is explained by less pronounced dilution
in winter, and subsequent low water flow, allowing
deposition of As-containing fine-grained material.
Common minerals identified in the sediments are
quartz, goethite, hematite, kaolinite, and illite.
Sequential extraction demonstrates that the As is
mostly bound to the iron oxyhydroxide fraction
(goethite, hematite). Up to 300 pg/L As is detected
in surface water samples.

The speciation of dissolved As shows the
presence of As** in water samples, contradicting the
results of speciation calculations obtained by the
PHREEQC geochemical code. This might be due to
the slow kinetics of redox reactions, meaning that
waters have not reached chemical equilibrium, or
that As®* has been sequestered by some solid
phases. Oxidation of the primary ore leads to the
formation of iron oxides and hydroxides as well as
As>* and As* oxyanions. As>* may be partially
consumed by precipitation of scorodite (together
with Fe3*) under oxidizing conditions and pH<4 [7],
and selective adsorption onto clay minerals and
goethite compared to As*. This may be an
explanation for the presence of As*, which
contradicts PHREEQC speciation calculations.
Precipitation of scorodite and goethite with up to 8%
As has been observed in Passagem and Ouro Preto
mines. At the Raposos gold deposit, As
concentrations reached more than 10000 mg/kg in
Fe-rich material. However, where the abundance of

carbonates promotes pH to rise above 4,
incongruent dissolution of scorodite occurs with the
formation of goethite, Fe-oxyhydroxide, and H,AsO4
oxyanions, as well as possible As desorption from
goethite and other Fe and Mn oxyhydoxides. TCLP-
like tests resulted in leaching of 1-4 wt. % As (2-196
mg/kg) from river sediments and sediment from
waste tailing. Other sources of As are ancient and
modern tailings, containing As in the form of
arsenolite, As-bearing Fe-oxihydroxides, and
amorphous iron arsenates. To summarize, two
mechanisms of arsenic control have been identified
in the 1Q gold mining region: precipitation of
scorodite and goethite, and adsorption of arsenic
onto iron oxides and hydroxides.

Salanfe gold mine

The former As-bearing Salanfe gold mine,
situated in Western Switzerland, is another example
of arsenic contamination accelerated by mining
operations [8]. 700 t of As has been discharged
during the mining operations at the Salanfe. Waters
above the mine area contained about 5 pg/L
background As. Despite the low gold production
(only 55 kg), it has left behind dumps with elevated
As content reaching up to 10 wt.%, and soils
containing from 50 mg/kg to several wt.% of As. In
the oxidising pH 8 waters percolating the mine and
dump (Ca-Mg-HCOs-SO4-type), As concentrations
varied in the range 60-4000 pg/L. This is explained
by the mobility of As in alkaline conditions, induced
by dissolution of carbonates. However, the
concentration of As gradually decreases with
distance from the mine adits and heap wastes,
reaching 100-160 pg/L in Lake Ottan located 200 m
below the mine, though the type of water remained
the same. Primary (arsenopyrite, loellingite, pyrite,
hematite) as well as secondary As-containing
minerals  (goethite and amorphous iron
oxyhydroxides) were found in fine-grained waste
materials. Soil samples contained As in iron
oxyhydroxide and Al-bearing fractions. The organic
fraction appears to play an insignificant role in the
retention of As, due to thin soil cover of less than 10
cm, and very rare reducing conditions. The climate
of the region is relatively dry, continental, with a
mean temperature of 3°C. The release of As resulted
from weathering of exposed mine waste, and
downhill creep of As-rich waters. Attenuation of As
was more pronounced in sediments and soils, than
in downstream water. This was attributed to the
desorption of As from Al- and Fe-oxyhydroxides,
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associated with the alkaline pH of waters resulting
from carbonate buffering. As attenuation in water
here results from dilution and circulation of surface
and ground waters.

Lucky Shot Gold Mine

A further example is provided by Lucky Shot Gold
Mine, one of thousands of abandoned sites of
historical mining in Alaska, which produced nearly 7
t of gold. The primary source of As is mine adits,
although tailing piles also make a contribution to the
As load [9]. Surface and mine waters are of Ca-HCO3"
-type, circumneutral to mildly alkaline due to
carbonate buffering, and well oxygenated. The
water from the adits contains 700 pg/L dissolved As
(differing <2% between filtered and unfiltered
samples), almost entirely in trivalent form. The
deviation from thermodynamic prediction has been
attributed to the short residence time of As in the
water, so As* does not completely transform to
As>*. Downstream, rapid dilution lowers the As
concentration (below 2 pg/L) as well as the As®*
proportion due to progressive oxidation.

The environmental impacts of both Lucky Shot
and Salanfe Gold Mines are not significant, since the
contaminated areas are limited in each case. It has
been concluded that these mines do not pose a
threat to local community health, although future
mining may have impacts on the environment at the
Lucky Shot Gold Mine.

East Otago Gold Mines

Moving to New Zealand, the primary source of As
at the East Otago Gold Mines is arsenopyrite [10].
The annual precipitation in the area is 400-800 mm
with a similar amount of evaporation. Abandoned
mines show accelerated weathering of arsenopyrite,
forming scorodite and pharmacosiderite in the
oxidised zones. Waters from old mines have a pH
around 6-7 with up to 4 ppm As, whilst the
background concentration of As is 0.01 ppm. The
concentration of As in pH 5 slurry of degraded old
tailings reaches 33,000 ppm, mainly in the form of
scorodite. The content of dissolved As is determined
to be 0.75 ppm. This suggests that, in the old tailings,
As release is controlled by scorodite precipitation.

At the active mining site, Macraes, pH 10 waters
contain over 200 ppm As, which is explained by the
low solubility of scorodite at this pH. The average As
content of soil samples is around 200 ppm, whereas
primary veins contain up to 10,000 ppm As.

Attenuation of As in soil is mainly mediated by
adsorption onto iron  oxyhydroxides and
phyllosilicate minerals, and local temporary
immobilisation by precipitation of scorodite. The As
concentration in water is controlled by downstream
dilution and by precipitation of scorodite in low pH
waters.

Reefton gold field deposits

Mining and processing of As-containing gold ores
in the Reefton gold field deposits (New Zealand) has
also led to high As concentrations across the mine
sites. Globe Progress Mine, Blackwater Mine, and
Snowy River Battery Site have been studied to
elucidate mechanisms of As dispersion and control
[11]. The Blackwater ore contained mostly
arsenopyrite with rare pyrite, whereas at Globe
Progress Mine pyrite predominated over
arsenopyrite. The principal source of As in
Blackwater Mine is the Prohibition Mill Site, where
roasting was employed to process the arsenopyrite-
rich ore. This generated large amounts of arsenolite,
crystals of which still can be found in the condenser
tower of the roaster as well as in the surrounding
area. Annual precipitation in the region is 2,300 mm,
and the mean temperature is 12 °C. Site run-off is
concentrated in a wetland, where As concentrations
as high as 52 mg/L are detected in a Ca-AsOs-type
water as a result of arsenolite solubilisation.
Oxidation of arsenites lowers the pH of wetland
water to 4-5. The wetland water then percolates to
a man-made dam with abundant exposed carbonate
rocks, neutralising acidity to circumneutral pH. This
dramatically decreases the As content to 2.4 mg/L.

Further downstream, attenuation of As in water,
emanating from the dam, is a result of pure dilution
by tributaries. 14 km from the Prohibition Mill site,
Blackwater River still contains 0.003 mg/L As.
Although it is well below the maximum contaminant
level of As (MCL is the maximum concentration of a
chemical that is allowed in public drinking water
systems), this means that survival of 99% of aqueous
species cannot be guaranteed according to ANZECC
(2000) guidelines [12].

The point sources of As at the Snowy River
Battery Site are a roaster system and a historic adit.
Circumneutral run-off from the mine site flows into
the Snowy River. Discharge from the adit inflows to
the Snowy River 150 m upstream of the site. In
contrast to the Prohibition Mill Site (with residues
containing up to 40 wt.% As), all arsenolite has
dissolved at the Snowy River Battery Site. The
concentration of As at the Snowy River Battery Site

— 8
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substrate is lower, 26 wt.%. Scorodite has been
suggested to control the As concentration, since
scorodite's solubility is two (at pH7) to five (at pH 4)
orders of magnitude lower than that of arsenolite.

The Globe Progress Mine was functional from
1870 up to 1920, and reopened for mining in 2007.
Arsenic is distributed to the environment through
oxidation of arsenopyrite and As-bearing pyrite (up
to 1 wt.% As). At the adit entrances, As is
sequestered as a 4 cm thick layer of hydrous ferric
oxides with up to 20 wt.% As, whilst the As content
in discharge from the adits reached 59 mg/L.
However, where discharge water joins a local creek
the As concentration gradually decreases due
mixing.

Arsenic chemistry in these mine sites has been
determined by roasting technology and gas handling
systems. Dissolution and oxidation of roaster-
derived arsenolite resulted in high localised As®*
concentrations in discharged waters. Three
mechanisms of As attenuation have been proposed
by Haffert and Craw [9]: 1) precipitation of scorodite,
2) chemisorption to hydrous ferric oxides, and 3)
downstream dilution with local catchment water.

In oxidising and acidic conditions, such as that at
Prohibition site, scorodite precipitation occurrs.
Owing to substantial carbonate alteration at the
Snowy River Site, dolomite and ankerite dissolve,
thus increasing pH to circumneutral values
according to the reactions:

CaMg(CO0s); + 2H* = Ca?* + Mg?* + 2HCO5’
FeMg(C03)2 + 1/4 0+ 5/2H20 = FE(OH)g + |\/|g2+ +
+ 2HCO5"

In the non-pyritic ore of Blackwater, Fe from
ankerite dissolution precipitates as hydrous ferric
oxide (HFO), due to low solubility of Fe at
circumneutral pH. When the amount of HFO is
insufficient for As sequestration, As may persist at
high concentrations, exceeding MCL, for up to 10 km
downstream, until diluted by regional tributaries.
The effectiveness of dilution depends on catchment
morphology. In pyrite-rich mine sites, HFO is mainly
generated by oxidation of pyrite:

FeS, + 15/40; + 7/2H,0 + 4HCO;s = Fe(OH)s + 2504*
+ 4H2CO3

Naturally formed HFO has high reactivity and
surface area, and so immobilises dissolved As
through  chemisorption (adsorption, surface
complexation, co-precipitation, and ion exchange).
It has been concluded that there is no need for
anthropogenic rehabilitation, and that the

aforementioned natural mechanisms of As
attenuation are sufficient to improve the quality of
downstream water [11].

Giant Mine

Perhaps the most severe example of the adverse
environmental impact of refractory gold mining and
processing is the legacy of As contamination at Giant
Mine in Canada, with a remediation cost of about 1
billion Canadian dollars [13]. Though full
implementation of the remediation plan (designed
for perpetuity) at Giant Mine will reduce As
discharge to the environment from 900 to 610
kg/year, it will not be able to completely eliminate
the As load.

After 50 years of prosperous gold mining by
private companies the Giant Mine is now
abandoned, and environmental liability belongs to
the federal government and taxpayers. In the gold
ore, arsenopyrite and pyrite accounted for 95% of
the sulfides. The processing technology comprised
ore roasting and cyanidation. During roasting, most
of the arsenopyrite oxidised to As,Os;, maghemite
(predominantly y- Fe,03[14]) and hematite.

The point sources of As at Giant Mine are roaster-
derived As,0s, which was aerially distributed and
deposited in surface soil pockets across the mine
site, As;03 baghouse dust stored in underground
chambers, and several mine tailings. Untill the
proper implementation of emission control in 1963,
some 20,000 t of As,03 (which is nearly 86% of all the
As,O; produced during the entire roasting
operations) had been discharged into the air.
Despite high solubility, particles of As,03 have been
found, unaffected, in soil downwind of the roaster.
Scorodite rims have been observed on some As,0s;
particles, which may have formed after the contact
with acidic Fe-bearing solutions.

The total As concentration in soil samples
reaches up to 5,760 mg/kg. By comparing Au, As,
and Sb proportions in the soil and in the condensed
historic dust, it has been suggested that most of the
soil As was likely deposited before the emission
control [15]. 237,000 t of As,03; baghouse dust is still
kept in underground chambers. Neutral seepage,
collected from drill holes and fractures near the
underground chambers, contains as much as 4,000
mg/L As, mostly in the trivalent form (70%) [16].

The As content in tailings fluctuates in the range
of 1000-5000mg/kg. The high As concentration is a
result of circumneutral pH conditions, bufferred by
carbonate-rich mineralogy, and the processing
conditions. Due to the relatively low temperature of

— 9
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roasting (500°C), carbonates remain unaffected
and prevail in tailings over sulfides, precluding acid
drainage. Weathering of tailings induced oxidation
of unroasted remnant sulfide minerals, in the form
of Fe oxyhydroxide rims on pyrite and arsenopyrite
grains [14]. Aeolian and aqueous transport of tailings
still poses a risk to human health. In vitro
bioaccessibility tests of soil samples have shown that
40% of the As may be bioaccessible if ingested and
20% of the As would be bioaccessibile if inhaled.

Discussion

The environmental impacts of operational and
former gold mine sites is mainly associated with
voluminous waste rocks and mine tailings. Tailings
completely change landscape and topography,
affect the quality of surface and groundwater.

One solution would be industrial use of tailings as
bricks and tiles. However, despite their potential
technical feasibility, most studies on the possible use
of gold mill tailings have been proven to be futile or
economically unviable [17]. The mineralogy of
tailings is complex, depending on ore composition,
the method of generation (ore beneficiation or
metallurgical processing), climate, and maintenance
conditions. In semi arid climates, inappropriately
maintained tailings (uncovered, dried ponds) release
fine particles into the air due to evaporation and
wind erosion, thus posing risks of inhalation and
incidental ingestion to local community.

Since As toxicity varies with oxidation state and
chemical form, mine tailings certainly demand
accurate determination of As speciation. Typical
secondary minerals in mine wastes are in low
abundance, microcrystalline, or nearly amorphous,
often demanding identification at the micro- or even
nanoscale, potentially using novel synchrotron-
based techniques.

Studies demonstrate that at most mine sites,
HFO phases play a crucial role in sequestering As via
adsorption or co-precipitation [18]. Other mineral
phases are also capable of immobilizing As,
depending on the pH of media. At pH <2.5 As may
substitute for sulphate in the crystal structure of
jarosite KFes(SO4)2(OH)s [16], while at higher pH
ranges of 2.5-6, As can be adsorbed onto
schwertmannite FegOg(OH)sSO4 [19].

Scorodite is rarely found [20], probably due to
the low Fe content and neutral pH in some tailings.

Post-disposal variations in pH and Eh of mine tailings
can change As speciation, compromising As stability
and altering As partitioning between liquid and solid
phases. Sometimes it is necessary to maintain
certain Eh-pH conditions, which favour retention of
particular As-bearing species.

For instance, mine tailings at the Giant Mine,
mainly consisting of roaster-derived iron oxides,
demand the maintenance of oxidising conditions to
avoid reductive dissolution or desorption of As [16].
In sulfide-rich mill tailings, liming is often used as a
common measure to reduce the acid-generating
potential of wastes. However, liming may be
inappropriate if the risk of exposure to As via
inhalation of tailings' particles is high, as iron
arsenates are altered to calcium-iron arsenates,
which are highly bioaccessible in neutral pH fluids
[21].

Conclusion

In summary, several factors control As flux into
environment in refractory gold mining and
extraction. Factors such as climate, hydrographic
network, and ore mineralogy are beyond the control
of miners.

The key human factor, controlling the negative
impact of gold recovery from double refractory Au-
As-bearing ores, is a choice of the optimal (ideally
economically efficient and eco-friendly) method for
gold extraction, that takes into account both ore
mineralogy, and further safe disposal of As-bearing
wastes in compliance with local environmental
standards.

Tests of site-specific As speciation, combined
with bioaccessibility are crucial in making such an
important choice. Ultimately, this site-specific As
knowledge will enable prioritisation of historical
mine residues for better management and
remediation, to predict the risks associated with
exposure to As in future, thus to best understand
how to eliminate or diminish As bioaccessibility for
humans, and ultimately the environmental impact of
gold mining in general.
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TYAIHAEME

Bait »kaHe XKeHin eHaeneTiH KeHAepAiH Kopbl a3alifaH caliblH, anTblH OHAIPY Canacbl Keaen KaHe
eHAeNyi KMbIH KeH OpblHAApblHA Kemn KeHin 6enyae. KeneweKkre anTblH-MbIWbAKTbI KWbIH
eHAeNeTiH KeHAEp KahaHAbIK anTblH OHAIPY canacbiH4A KONAAHbLINATBIH d4eTTeri KeH Typi
60naTbIHbl aHblK. KypambiHAa MbiwbAK 6ap anTblHAbl KeHAepai eHAipy »KaHe 6aiibiTy cesci3
MbILWbAKTbI KaNAbIKTapAbIH, Ty3inyiHe aKenesi, 6yn MbllbAKTbIH, TabUFU KO3FaNFbIWTbIFbIH OAAH
caiblH apTTbipagbl. MbIWbAK KO3FaNfbiWTbIFbl GipHelwe dakTopnapapiH, 63apa apeKeTTecyimeH
aHblKTanagpl, Onap: TOTbIFy-TOTbIKCbI3AaHY peakumanapbl, aacopbums/gecopbumsa, MOHAbIK
anmacy, TyHbara Tycy/epy aHe 6moTpaHchopmauma npouectepi. bacbimabikka e npouectep -
pH, Eh, XvMUANBIK Kypam, COHbIMEH KaTap 6uonorvAnbIK 6GenceHainiktiv, 60nybl MeH
KaPKbIHABI/IbIFbI  CUAKTbI KEPriNiKTi  6MOreoXMMUANbIK OpTa KafdaWnapblHa Tayengi. byn
MaKanaga HaKTbl anTbiHAb! KEH OPbIHAAPbIHBIH, MbICa/IbIHAA KMbIH OHAENETIH anTbiHAbl KeHaepai
OHJIPY KoHe KalTa eHaey 6apbiCbiHAA Ty3iNeTiH MbIWbAKTbIH, KOpLIafaH OpTaHbl /acTaybl
6oibIHWa Kasipri 3amaHfbl 3epTTey/epre WOy »Kacanabl.

TyliiH ce30ep: KblH eHAENEeTIH anTblHAbl KEHAEP, aPCEHOMMUPUT, anTbiHAbl 6ein any, MbIWbAK,
KO3FaNfbIWTbIK.
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3arpasHeHUe OKpYXKaloLwen cpeabl MbllbAKOM NPU NnepepaboTKke ynopHbIX

30/10TOCOAepKallunux pya
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AHHOTAUMA

C ucroweHmem 3anacoe 6oratbix U nerkonepepabatbiBaemMbix pya, 3010T0406bIBaOWANA OTPACIb
Bce Bosiblie NepexoauT K paspaboTke MecTOpoXKaeHW 6efHbiX W ynopHbIX pya. B 6yaywem
30/10TO-MbILWbAKCOAEPKALLME YyMNOpHble pyabl ByayT npeactasnaTb coboi APKUI npumep
TUMUYHBIX  PYA, UCNOAb3yeMbiX ANA  UM3BAevyeHWa 3on0ta. [obblva u oboraweHue
MbILLIbAKCOAEPKALMX PY L HEU36EXKHO NPUBOAUT K 06Pa30BaHMIO MbILLbAKCOAEPKALLMX OTXOA08B,
KoTopble ycyry6aaioT NpoLecc ecTecTBEHHOM MOBMAM3aLMMN MbllbAKa. MOABUMKHOCTb MbllbAKA
onpeaenseTca B3aMMOAENCTBMEM HECKObKMX (DaKTOPOB: OKUCAIWUTENbHO-BOCCTAHOBMUTE/IbHbIX
peaKkuumin, npoueccamu agcopbumn/oecopbumn, MOHHOTO obMeHa, ocasKAeHWs/pacTBOpPeHUA U
6uoTpaHchopmaummn. JOMUHUPYIOLWME NPOLLECCH 3aBUCAT OT JIOKaNbHbIX BUOreOXMMUYECKUX
yCNnoBuiA cpeapl, Takux Kak pH, Eh, XMMMYeCKMit cocTas, a TaKKe HannyuMe U MHTEHCMBHOCTb
61010rMYECKO aKTUBHOCTU. B AaHHOM cTaTbe NpeacTasieH 0630p COBPEeMEHHbIX UCCNea0BaHMiA
1 HaboAeHWI NO 3arpA3HEHMIO0 MbILLbAKOM OKPYKatoLwei cpeabl, Bbi3BaHHOM MUHeEpanusaumen,
[06bl4eit U n3BeYEHMEM 30/10Ta HA NPUMEPE KOHKPETHBIX 30/10TOCOAEPHKALLUX MECTOPOKAEHNA.
Kntoyesble cn08a: ynopHble 30/10TOCOAEPIKALLME PYAbl, APCEHONUPUT, U3B/IEYEHME 30/10Ta,
MbILWbAK, MOBUBHOCTD.
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