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ABSTRACT. The arsenic problem is a global problem. Results obtained in this research allow us to formulate directions for development of environmentally friendly
technologies for processing arsenic-bearing ore and technogenic materials. Behavior of autotrophic thionic bacterias was studied (Thiobacillus thrioparis, Thiobacillus
thiooxidans, Thiobacillus ferrooxidans), as well as arsenite-oxidizing and arsenate-reducing bacteria. Their influence on soil, different calcium arsenate cakes and
cinders were studied. Model tests in laboratory conditions for determination of possibilities for development of microbiological processes with formation of versatile
arsenic forms at the presence of arsenate cakes, sulfide sublimates and soils at various temperatures were conducted. It was established that the development of
arsenate-reducing bacterias is associated with the presence of higher arsenic oxides in sulfide sublimates, which play the role of electron acceptors in inactive chains
of bacteria and reduce As2Os until trivalent form. Experiments were carried out with pure cultures of bacteria potentially capable of transforming arsenic in arsenic-
containing products. In variants using arsenate-reducing bacteria, arsenic content decreased from 11.6-17.0 mg / | to 3.0-11.6 mg / I, which indicates that calcium
arsenate-cake does not affect the viability of arsenate-reducing bacteria, which can precipitate soluble arsenic into insoluble arsenic compounds.
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ABSTRACT. [pobnema Mblwbsika siBnsieTcs obwemupoBoi npobnemon. [onyyeHHble pesyrnbTaTbl MO3BOMSKOT CHOPMUPOBATL HAMPaBMEHUst Pa3BUTUS
aKonornyeckn BesonacHbIx TEXHOMOMMIA NepepaboTki MbILIBSAKCOAEPXKALLUX PYAHbIX M TEXHOTeHHbIX MaTtepuanoB. B pabote uayyanock nosegeHue aBTOTPO(HbIX
ToHoBbIX (Thiobacillus thrioparis, Thiobacillus thiooxidans Thiobacillus ferrooxidans), a Takxe MbILIBSKOKUCTISIOWMX U MbILUbSKBOCCTaHABNMBaOWMX GakTepuii.
lMpoBeaeHbl MofenbHble CTIbITAHWS ANs ONpeaeneHns BOBMOXHOCTU pa3BUTMS MUKpOBMOnorMyeckix npoLeccoB ¢ 0bpasoBaHneM NofBMXHbIX (DOPM MblLbsKa B
nabopaTopHbIX YCMOBWUSX B MPUCYTCTBUM APCEHATHbIX KEKOB, Cymb(WAHbIX BO3TOHOB W MOYB MpW Pa3nuyHbiX TemnepaTypax. YCTaHOBMEHO, 4TO pa3BuTHe
apceHaTBOCCTaHaBNMBatoLNX BaKTepuii CBA3aHO C HanMumMeM B CymbdUAHbIX BO3TOHaX BbICLUNX OKCUAOB MbilLbsiKa, KOTOPbIE UTpaloT poflb aKLenTopa aneKTPOHOB B
HaTenbHoW Lienu Gaktepuit n BoccTaHaBnmuBatoT As2Os A0 3-x BaneHTHOI hopMbl. BbinonHeHb! 3KCNEPUMEHTBI C YMCTBIMM KynbTypamu Gaktepuil, noTeHLmansHo
CnocoBHbIMM K TpaHcdopMaLuy Mbillbsika B MbIlLbSKCOAEPXalyMX npodykTax. B BapuaHTax C MCnonb3oBaHWeM apceHaTBOCCTaHaBmMBatoWmX 6Haktepuit
cofiepxaHue Mblllbsika cHxanoch ot 11.6-17.0 mr/n o 3.0-11.6 mr/n, 4To CBMOETENLCTBYET O TOM, YTO apCeHaT-KarnbLMEBbIN KEK HE BNUSIET Ha XM3HECTOCOBHOCTL
apceHaTBoCCTaHaBnMBatoLWux GakTepuit, koTopble CrMOCOBHbI OCaxXaaTb PacTBOPUMbIA MbIWbSK B HEPACTBOPUMblE COEAMHEHUS Mbllbsika. YCTaHOBMEHO, YTO
pe3ynbTaThl MUKPOBUONOIMYECKMX MCCNEA0BaHWIA JOMKHbI Y4MTbIBATECS NPK BbIGope cnocoba 1 yCroBui 3aX0POHEH NS TEXHOTEHHBIX MbILLbSKOBBIX MPOLYKTOB.

KnioyeBble cnosa: MMKpOﬁMOJ‘IOFMHeCKoe BblLLenaynBaHne, apceHaTHbI KeK, orapki, Cyl‘lbd)WZleIe BO3rOHbI, TMOHOBbIE 6aKTepVIM, pacTBOPUMOCTb

Introduction (2015). The effectiveness of the use of biotechnology is also
described in the works about arsenic tolerance and bioleaching
The current practice of arsenic-containing wastes (cakes) from realgar based on response surface methodology,
recycling in special facilities does not prevent the possibility of ~ Published by Lei Yan (2017) and about column bioleaching of
soil, air, etc. getting into them, which can cause or inhibit the arsenic and heavy metals from gold mine tailings by
transformation of some compounds into others. Aspergillus fumigates, published by Bahi Jalili (2012).
Long-term storage of arsenate cakes in landfills can lead to The purpose of this work was to conduct model tests to
their transformation under the influence of external conditions determine the possibility of the development of microbiological
and microorganisms capable of oxidizing and / or reducing processes with the formation of versatile forms of arsenic in
arsenic. This will cause a change in the solubility of arsenic laboratory conditions in the presence of arsenate cakes, sulfide
compounds and will affect the possibility of arsenic transfer to sublimates, and soils at different temperatures, as well as to
the environment. conduct laboratory model experiments with pure cultures of
A similar transformation of arsenic can also occur in sulfide bacteria, potentially capable of transferring hardly soluble
sublimates obtained during sulfidizing roasting of arsenic raw arsenic compounds into a versatile form.
materials. For example, arsenic sulfide As2Ss (orpiment) is very The studying of autotrophic thionic bacteria, as well as
slightly soluble in water, while As2Ss is practically insoluble in arsenic-oxidizing and  arsenic-reducing  bacteria, which
water, (Xian-Chun, 2018). At the same time, during long-term changing the valence of arsenic can form arsenic compounds
storage in air under the influence of moisture and  With different solubility are objects of interest.

microorganisms, even such poorly soluble arsenic compounds
as arsenic sulfides can transform into soluble forms, Nguyen
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Methods and materials

For the studies, we used soil that did not contain arsenic,
washed out and not washed from oxides, sublimates of
sulfidizing roasting of arsenic concentrate and arsenate-
calcium cakes, as well as initial technological cakes.
Mineralogical composition of unwashed fumes (%): As2Ss - 45,
AssSs - 32, As2Ss - 10, As20s - 13, their chemical composition
(%): As - 624, S - 32.5, O - 5.1. The washed sublimates
contained traces of oxides.

The number of microorganisms was determined by plating
samples on elective media. The experiment was carried out in
duplicate. Experimental vessels were filled with 100 g of soil, 1
g of sublimate or cake, 500 ml of distilled water with pH 7.0-
7.2. Half of the test vessels were incubated at room
temperature (+ 18-20 °C), and the other half at +4 °C.

The work studied the behavior of autotrophic thionic
bacteria (Thiobacillus thrioparis, Thiobacillus thiooxidans
Thiobacillus ferrooxidans), as well as arsenic-oxidizing and
arsenic-reducing bacteria.

Thionic bacteria differ in their ability to grow at different pH
of the environment. In the presence of sulfur-containing
compounds, thionic bacteria gain advantage, for which
environmental conditions (pH, temperature, and humidity) will
be optimal. A decreasing of pH as a result of the activity of one
group of bacteria can suppress the activity of this group of
bacteria, and this niche will be occupied by another group for
which the formed conditions will be optimal.

The influence of the composition of the medium on the
behavior of arsenite-oxidizing and arsenate-reducing bacteria
in systems with sublimates was studied using media of various
compositions (Table 1).

Table 1. Composition of media in vessels

Ne Environment Additive amount,
g/l

1 Soil without additives -

2 Soil + Calcium Lactate 3.549/l

3 Soil + Sodium Acetate 39/l

4 Soil + yeast extract 14/l

5 Soail + glucose 51/n

6 Soil + sulfur 1gper100g
soil

7 Soil+ Ca(OH)2 19/l

In all experiments, the content: (NH2)2SOs - 1g/L, KH2PO4 -
1g/l. In all solutions, the pH was 7.5. In experiments with the
addition of Ca (OH)z, the initial pH value was 9-10.

Results and discussion

Influence of microorganisms on the arsenic behavior at
materials storage in soil

Arsenate calcium cake. The experiment was carried out in
duplicate for 7 months. In each of the four experimental
vessels, 100 g of soil was introduced, then 10 g of arsenate-
calcium cake. Each vessel was added to 500 ml of sterile
water with a pH of 7.0-7.2. Half of the test vessels were
incubated at room temperature (+ 18-20 °C), and the other at
+4 °C. The room temperature was recorded and the
experimental vessels were mixed daily.

70

Thionic bacteria were not detected throughout the
experiment, while the number of arsenite-oxidizing bacteria
increased during the first 4 months, and by the end of the
experiment (after 7 months), a decrease in their number was
observed (Fig.1). The development of arsenite-oxidizing
bacteria confirms the presence of a certain amount of arsenite
in the arsenate-calcium cake. In the ionic form, the ongoing
reaction is described by the equation: As3* - 2& =As5*.

As can be seen from fig. 1, during the first four months, the
amount of arsenic that passed into the solution increased.
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Fig. 1. Content of arsenite-oxidizing bacterias in vessels with
arsenate-calcium cake (cells/ml) - at + 18-20 °C, - at + 4-6 °C

The solubility of 3Cas(AsO4)-2Ca(OH): is higher than that
of 3Ca(AsO2)2, which led to an increase in the content of
soluble arsenic in the solution. Determination of the number of
arsenate-reducing bacteria is shown in Fig. 2. The arsenic
content in the model solution at a temperature of +4 °C slowly
increased throughout the experiment.
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Fig. 2. The content of soluble arsenic in model solutions
with arsenate calcium cake(- at + 18-20 °C, - at + 4-6 °C)

Arsenate-reducing bacteria are anaerobic bacteria capable
of using arsenate as the final electron acceptor and reducing it
to trivalent arsenite. In the presence of sulfate ions in the
medium, which can also be reduced by bacteria to sulfide ion,
the formation of practically insoluble arsenic sulfide As2Ss is
possible, Fig.3.
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Fig. 3. The content of arsenate-reducing bacteria in the vessels
with arsenate calcium cake (- at + 18-20°C, - at + 4-6 °C)
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The reaction can proceed in accordance with the
equations:

As5++ 2e =As3+
Sé+ - 8e = S
2As3* + 352 =As,S3

Table 2. pH of media and the content of microorganisms in
samples after a month of incubation

Arsenite oxidizing bacteria Arsenate-reducing bacteria
pH | cells / ml pH | cells / ml

Soil without additives (Sample 1)

7.45/6.95* 50/9.0* | 6,95/6.95* | 0/0*
Soil + calcium lactate (Sample 2)

7,42/748" | 140/25,5* | 7,08/7,0* | 1,1/0*
Soil + sodium acetate (Sample 3)

7,53/7,65* 140/0* | 7,216.9* | 0/0*

Soil + yeast extract (Sample 4)
7,57/7.56* 0,5/0* ‘ 7,24(7.0* ‘ 0/0*
Soil + glucose (Sample 5)
7,53/7.46* 5.0/1.2* | 7,7/6.8* | 0/0*
Soil + sulfur (Sample 6)
7,5/7.66* 0/0* | 7,217.0* | 0/0*
Soil + Ca (OH) 2 (Sample 7)
7.0/6.25* 0,4/2* | 7,2/7.15* | 0/0*

* Numerator - at room temperature. Denominator - at 4 °C.

Thus, in the presence of arsenate-calcium cake, arsenite-
oxidizing bacteria first begin to develop, which oxidize trivalent
arsenic to a soluble pentavalent form, and then anaerobic
arsenate-reducing bacteria develop, which reduce arsenate
and convert it into insoluble arsenic sulfide. Due to this, the
observed decrease in the arsenic content in the test vessels
occurs by the end of the experiment at a temperature of + 18-
20 ° C. At the same time, during the incubation of the vessels
at + 4 °C, the amount of arsenate-reducing bacteria is very
low. Therefore, the formation of arsenic sulfide does not occur,
and by the end of the experiment the content of soluble arsenic
increases to 6.3 mg/l.

The results obtained allow us to say that in experiments
simulating the storage of arsenate-calcium cake in soil under
high humidity conditions, autotrophic thionic bacteria are
unable to affect the mobility of arsenic. At the same time, the
active growth of arsenite-oxidizing bacteria and the subsequent
development of arsenate-reducing bacteria indicate that these
bacteria affect the mobility of arsenic. The subsequent
development of arsenate-reducing bacteria is associated with
the presence of arsenates in the cakes, which play the role of
an electron acceptor in the respiratory chain of bacteria and
reduce arsenate to the trivalent form with the formation of
arsenic sulfides. A decrease in the concentration of soluble
arsenic by the end of the experiment suggests that the
formation of a sparingly soluble arsenic compound is possible
under the influence of arsenate-reducing bacteria.
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Sulfide sublimates

The results of studies of the behavior of bacteria in the
presence of washed sulphide sublimates showed that thionic
bacteria were not detected during the experiment, i.e. sulfide
forms of arsenic are inert with respect to the studied
microorganisms. Next, we checked the survival of arsenite-
oxidizing and arsenate-reducing bacteria under conditions of
prolonged contact with washed sulfide arsenic sublimates in
various environments (Table 2). As follows from the results
obtained, arsenate-reducing bacteria are not detected in
samples as early as 1 month after the start of the
experiment, i.e. they do not participate in the processes.

In the second series of experiments, the behavior of
arsenous fumes in the presence of arsenite-oxidizing
bacteria was studied. As a result of the experiments
performed, it was found that various additives in the form
of calcium lactate, sodium acetate, yeast extract, glucose
do not have a noticeable effect on the transition of arsenic
into solution.

The transition to the solution of arsenic is mainly
associated with the oxides contained in the sulfide fume.
Oxidation from As 3+ oxides to As 5 promotes the transfer of
arsenic into solution. As is known, As20s has a higher solubility
than As203 - the solubility of As203 at 25 °C in 100 g of water
is 2.1 g and As20s is 65.8 g.

The transition of arsenic into solution is more noticeably
influenced by the presence of elemental sulfur. The results of
studies on the behavior of arsenite-oxidizing and arsenate-
reducing bacteria under conditions of long-term contact (within
7 months) with washed and unwashed sulfide arsenous
sublimates in the presence of soils are presented in Fig.4-6.

As can be seen, at 20 °C the number of arsenite-
oxidizing bacteria remained almost unchanged during the
first three months (Fig 4).

After four months, the number of arsenite-oxidizing
bacteria reached a maximum and gradually decreased to
zero by the end of the experiment.

The development of arsenite-oxidizing bacteria is
apparently associated with their participation in the
oxidation of arsenic oxide (As20s) in accordance with the
equation Ass + -2& = Ass*. This is also indicated by a sharp
increase in the content of arsenic in the solution in the first
three months of the experiment (Fig 5).
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Fig. 4. Change in the number of bacteria depending on the
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Fig. 5. Change in the content of arsenic in the solution
depending on the duration (sample of unwashed fumes)

At room temperature, arsenate-reducing bacteria
develop intensively starting from the fourth month (Fig. 4)
and reach their maximum numbers by the sixth month of
the experiment. By the end of the experiment, the number
of arsenate-reducing bacteria gradually decreased.

In model vessels with the introduction of sulfide fumes,
the content of arsenic passing into the solution increased
during the first three months: starting from the fourth month,
a tendency to decrease in its amount was observed (Fig.5).

Thus, in the presence of unwashed sulfide sublimate,
arsenite-oxidizing bacteria first begin to develop, which oxidize
trivalent arsenic oxide to a soluble 5-valent form, and then
anaerobic arsenate-reducing bacteria develop, which restore
pentavalent arsenic compounds and convert it into sparingly
soluble arsenic forms 3-valent. Due to this, the observed
decrease in the arsenic content in the test vessels by the end
of the experiment occurs. The decrease in the concentration of
bacteria by the end of the seventh month is due to the fact that
the nutrient medium introduced into the samples at the
beginning of the process was exhausted. No additional soil
was introduced into the system.

In order to exclude the effect of arsenic oxide forms, a
study was carried out of the possibility of the development
of microbiological processes under similar conditions in the
presence of sulfide fumes washed from arsenic oxides.
The change in the content of arsenic in solutions
depending on the duration (Fig.6) indicates that in the
absence of oxide forms of arsenic, the solubility of fumes
decreases sharply and the content of arsenic does not
exceed 0.15 mg/l. And this amount of arsenic went into
solution due to the dissolution of arsenic oxides present in
the sublimates). The development of microbiological
processes is not observed, i.e. the sulfide forms of arsenic
are inert with respect to the microorganisms under study.

The results obtained allow us to say that in experiments
simulating the storage of sulfide fumes in soil at high
humidity, autotrophic thionic bacteria are unable to affect
the mobility of arsenic. At the same time, the active growth
of arsenite-oxidizing bacteria and the subsequent
development of arsenate-reducing bacteria indicate that
these bacteria affect the mobility of arsenic.
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Fig. 6. Change in the content of arsenic in the solution
depending on the duration (sample of the washed sublimate)

The fact that arsenite-oxidizing bacteria develop first
indicates the possibility of the 3-valent oxide forms of
arsenic present in arsenic products to be oxidized by
bacteria to the highest forms. It can be assumed that the
partial dissolution of sulphide sublimate is associated with
the properties of the soil used, because humic and fulvic
acids present in the soil can affect the solubility of metal
ions. This is also confirmed by the fact that the maximum
increase in the arsenic content in the solution is noted after
two months of experiments, when the active growth of
arsenite-oxidizing bacteria has not yet begun. The
subsequent development of arsenate-reducing bacteria is
associated with the presence of higher arsenic oxides in
sulfide sublimates, which play the role of an electron
acceptor in the underwear chain of bacteria and reduce
As20s to the 3-valent form. The results show that the studied
microorganisms under the studied conditions practically do not
affect the sulfide forms of arsenic, participating in the
transformation of only oxide compounds contained in sulfide
sublimates.

To obtain stable sulfide fumes, it is advisable to carry out
additional sulfidization before disposal.

The effect of pure cultures of bacteria on the
transformation of arsenic in arsenic-containing products

Arsenate calcium cake

This study included experiments with arsenate-calcium
cake and fume after sulfidizing roasting of the concentrate to
determine the possibility of the effect of pure cultures of
bacteria on the solubility of arsenic from these products. For
this purpose, the vessels containing the media optimal for the
development of the corresponding group of bacteria were
inoculated with pure cultures of bacteria. Every 1.5 months, an
analysis was carried out for the content of thionic bacteria,
arsenate-reducing and arsenite-oxidizing bacteria in these
vessels, changes in pH and the content of total arsenic in the
solution. The studies were carried out with non-sterile arsenic-
containing products. 1 g of arsenate-calcium cake or sublimate
after sulfidizing roasting of the concentrate was added to the
vessels with the appropriate medium. 400 ml of the appropriate
medium and pure cultures of bacteria were added to each
vessel. The experiment was carried out in 2 replicates.
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Analysis of the results obtained indicates that bacteria
T.thiooxidans were not detected after 1.5 months and until the
end of the experiment. The abundance of T.ferrooxidans
decreases to 10 cells / ml after 4.5 months, and by the sixth
month they are also not detected. T.thioparus bacteria with an
initial content of 109 cells / ml were not detected after 1.5
months and until the end of the experiment. The content of Ass
+ oxidizing bacteria gradually decreases, but even after six
months it is 103-4 cells / ml. The number of Ass + reducing
bacteria at their initial content of 106 cells / ml decreases and
by the end of the experiment is 102-3 cells / ml.

After 1.5 months of the experiment, practically in all
variants, including the control variants without the introduction
of bacteria, an increase in the pH of the medium is observed,
which, apparently, is associated with the transition of hydroxyl
groups present in the arsenate-calcium cake into the solution.
Therefore, every 1.5 months after sampling, the pH of the
media in all variants was brought to the level corresponding to
each medium.

The data on the content of soluble arsenic showed that in
the variant with T.thiooxidans, an increase in its amount from
20 mg/L at the beginning of the experiment to 150 mg/L after
4.5 months and a slight decrease by the sixth month is
observed.

The arsenic content in the variant using T.ferrooxidans is
approximately the same both in the control and in the
experiment. The increase in the arsenic content during the
experiment is apparently associated with the low pH of the
medium (2-2.5), in which the culture was grown, which
contributed to the dissolution of a part of the arsenate-calcium
cake.

In experiments with Ass* oxidizing bacteria, the
concentration of arsenic in the solution slightly increases
during the experiment, and this is noted both in the variants
without bacteria, and with bacteria.

When T.thioparus is grown, the content of soluble arsenic
increases from 0.2 mg / | at the beginning of the experiment to
10-90 mg/l after 6 months. A similar trend was observed in the
variants without bacteria, although in this case the arsenic
content was lower. When growing Ass + reducing bacteria, a
decrease in the content of soluble arsenic was noted
throughout the experiment in the variant with bacteria and an
increase in its content in the control.

Thus, the results showed that the thionic bacteria
Thiobacillus  thiooxidans, — Thiobacillus  thioparus, and
Thiobacillus ferrooxidans, despite the creation of optimal
conditions for their growth, are unable to grow in the presence
of calcium arsenate cake. Therefore, these bacteria cannot
influence the mobility of arsenic in arsenate calcium cake. At
the same time, the growth of arsenite-oxidizing and arsenate-
reducing bacteria under such conditions indicates that they can
influence the transformation of arsenic in arsenate-calcium
cake.

With the aim of a more detailed study of the effect of
arsenite-oxidizing and arsenate-reducing bacteria on the
mobility of arsenic in arsenate-calcium cake, additional studies
were performed with these microorganisms.

The objective of this stage of research was to study the
effect of arsenite-oxidizing and arsenate-reducing bacteria on
the mobility of arsenic in arsenate-calcium cake under optimal
conditions for the growth of the studied bacteria.
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The results of the work showed that after three months of
the experiment, the number of arsenite-oxidizing bacteria
decreased slightly from 108-9 cells / ml in the initial sample to
106-7 cells / ml. The number of arsenate-reducing bacteria did
not change and amounted to 103-4 cells / ml.

The content of arsenic in vessels with arsenite-oxidizing
bacteria increased from 6.4-7.4 in variants with bacteria to 20-
26.6 mg / L, while in the control variants this value increased
from 8.0-9.4 to 38-44.4 mg / L after three months.

In variants with the use of arsenate-reducing bacteria, the
arsenic content decreased from 11.6-17.0 mg / L to 3.0-11.6
mg / L after three months of the experiment, which indicates
that arsenate-calcium cake does not affect the viability of
arsenate-reducing bacteria, which are able to precipitate
soluble arsenic. into insoluble arsenic compounds.

The results of the X-ray phase analysis - Table 4.

The analysis of the obtained results showed that arsenite-
oxidizing bacteria practically do not change the cake
composition in comparison with the original untreated cake.

In all variants, both in the control without bacteria and in
the variants with bacteria, the disappearance of arsenic acid
H3AsQ4 - 3H20 is noted, which, apparently, is associated with
its dissolution.

It was found that when arsenic acid goes into solution, then
pentavalent arsenic is reduced by bacteria with the subsequent
formation of arsenic-calcium complexes. In variants with the
use of arsenic-reducing bacteria, all sodium sulfur-containing
salts (NaxSs016, Na2SOs) and B-NaCaAsOs disappear,
although they are present in the original untreated cake and in
controls without bacteria. It is known that arsenate-reducing
bacteria are able to use sulfur from these compounds in the
process of metabolism with its subsequent reduction.

Thus, arsenate-reducing bacteria influence the composition
of the arsenate-calcium cake. They are able to reduce all
water-soluble arsenic salts contained in the cake, with the
formation of insoluble arsenic complexes with calcium, and can
reduce sulfates and polysulfates, using them as the final
electron acceptor.

Sulfide sublimates

Studies have shown that throughout the experiment, the
number of the studied groups of bacteria changed in different
ways. Thus, bacteria with T.thiooxidans were not detected after
1.5 months of the experiment.

Analysis of the data on changes in pH showed that during
incubation of vessels with T.thiooxidans, no change in the pH
of the medium was observed in comparison with the control
variants without bacteria, which also confirms the absence of
viable cells in the medium. There were also no visual
differences between the experimental and control variants. It
should be noted that after 1.5 months the content of soluble
arsenic increased in the variant with the T.thiooxidans culture
to 400-600 mg/L in the test vessels and 800 mg/L in the control
vessels without bacteria, and then gradually decreased.

In experiments with T.thioparus, the arsenic content
increased from 9-20 mg/L at the beginning of the experiment to
1000 mg/L after 1.5 months in the variant with bacteria and
1200 mg/L in the control. Perhaps this is due to the solubility of
sublimate polysulfides under slightly alkaline conditions.

The number of T. ferrooxidans bacteria began to decrease
from 103 cells/ml in the initial sample to 0-102 cells/ml by the
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third month of the experiment, and after 4.5 months of the
experiment, bacteria were not detected.

Table 4 - Results of X-ray phase analysis of microbiological
samples of arsenate-calcium cake *

Culture Nutritional Compound Approximate
under study supplement content,%
Arsenite Glucose Cas(AsO4)30H - 30
oxidizing H20
bacteria Cas(AsO4)3;0H 10
CaS0q4 20
Control Glucose Cas(AsO4)30H - 30
without H20
bacteria Cas(AsO4)30H 30
CaS04 10
Arsenate- Calcium Cas(AsO4)30H - 25
reducing lactate H20
bacteria Cas(AsO4)30H 25
CaS04 10
Control Calcium Cas(AsO4)30H - 30
without lactate H20
bacteria Cas(AsO4)30H 20
CaS04 10

* Calcium arsenate cake (original, untreated) contains, %:
Cas(AsO4)30H - H20 — 10; Cas(AsO4)s0H - 10; CaSO4 - 5;
CaCOs — 40; Ca(OH)2 — 20; B-Na-CaAsOs — 5; H3AsOs - 3H20
—5; NazSs5016 — 5.

It should be noted that in the variants with the culture of
T.ferrooxidans, after 4.5 months, upon visual examination, the
sublimate, which was a light suspension on the surface of the
medium, dissolved, and only precipitates of iron hydroxides
formed in the oxidation of iron by the culture of T.ferrooxidans
were visible in the vessels. In the control variants without
bacteria, the sublimation practically did not change and was on
the surface of the medium. Apparently, T.ferrooxidans, under
favorable conditions, is able to use sulfur from the sublimate
polysulfides, thereby dissolving the sublimate. This is
confirmed by the results of chemical analysis, according to
which, after 1.5 months of the experiment, the arsenic content
in the variant with T.ferrooxidans bacteria was 600-800 mg/l,
while in the control variants this figure was 200 mg/l.

Arsenite-oxidizing bacteria grew well in the presence of
sublimate and their number increased from 103-4 cells/ml in
the initial sample to 107-8 cells/ml throughout the experiment.
The content of soluble arsenic in the experimental variant after
1.5 months was 200 mg/l, while in the control it was 900-1000
mg/l. It is difficult to explain why the experimental variant after
1.5 months found 5 times less arsenic than the control one. As
a result, it was established that arsenite-oxidizing bacteria
practically do not affect the solubility of fumes.

Of greatest interest are the results obtained in experiments
with arsenate-reducing bacteria. The content of arsenate-
reducing bacteria was approximately at the same level
throughout the experiment and amounted to 103-6 cells / ml. If
the content of soluble arsenic forms at the beginning of the
experiment in the variant with bacteria was 40-50 mg/l, and
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after 1.5 months it increased to 200 mg/l, then in the control
variant this value increased from 10 to 300 mg/I. Three months
later, in the variant with bacteria, the content of soluble arsenic
decreased to 20 mg/l, while in the control variant this value
increased to 400-500 mg/l. The formation of a finely dispersed
yellow-orange sediment, presumably arsenic sulfide, was
visually observed, which settled to the bottom and walls of the
experimental vessels. In the experimental vessels, an increase
in the pH of the medium was noted, which also indicated a
good development of bacteria and their reduction of arsenate
to arsenite.

Conclusion

The study of the influence of microorganisms on the
transformation and solubility of arsenic in arsenate-calcium
cake and sublimates of sulphiding roasting shows that thionic
bacteria have no significant effect on the stability of these
products during long-term storage. Arsenite-oxidizing and
arsenate-reducing bacteria affect the stability of arsenic
compounds in the studied materials: in sulfide sublimates,
oxygen-containing arsenic compounds undergo the main
transformation, in arsenate cakes, successive oxidation
processes occur - reduction of the corresponding arsenite-
arsenate forms of arsenic. To regulate the activity of these
bacteria in order to reduce the solubility of arsenic, certain
nutrient additives are required in the soil. The stabilization of
sulfide fumes is also facilitated by a decrease in the content of
arsenic oxide forms in their composition, which are most
susceptible to microbiological dissolution.

The results of microbiological studies can be useful in
choosing the method and conditions for the disposal of
technogenic arsenic products.

References

Xian-Chun Zeng, Ye Yang, Wanxia Shi, Zhaofeng
Peng, Xiaoming Chen, Xianbin Zhu,Yanxin Wang, 2018,
Microbially Mediated Methylation of Arsenic in the Arsenic-
Rich Soils and Sediments of Jianghan Plain. Front.
Microbiol.

Nguyen, Van Lee, Jong-Un, 2015, A comparison of microbial
leaching and chemical leaching of arsenic and heavy
metals from mine tailings. Biotechnology & Bioprocess
Engineering., Vol. 20 Issue 1, 91-99.

Lei Yan, Huixin Hu, Shuang Zhang, 2017, Arsenic tolerance
and bioleaching from realgar based on response surface
methodology by Acidithiobacillus ferrooxidans isolated from
Woudalianchi volcanic lake, northeast China. Electronic
Journal of Biotechnology. Volume 25, 50-57.

Bahi Jalili Seh-Bardan, Radziah Othman, Samsuri Ab Wahid,
2012, Column Bioleaching of Arsenic and Heavy Metals
from Gold Mine Tailings by Aspergillus fumigatus. CLEAN.
Soil. Air. Water.Volume 40, Issue 6, 565-666.


http://www.frontiersin.org/people/u/521417
http://www.frontiersin.org/people/u/418274
javascript:__doLinkPostBack('','ss~~AR%20%22Nguyen%2C%20Van%22%7C%7Csl~~rl','');
javascript:__doLinkPostBack('','ss~~AR%20%22Lee%2C%20Jong-Un%22%7C%7Csl~~rl','');
javascript:__doLinkPostBack('','mdb~~aph%7C%7Cjdb~~aphjnh%7C%7Css~~JN%20%22Biotechnology%20%26%20Bioprocess%20Engineering%22%7C%7Csl~~jh','');
javascript:__doLinkPostBack('','mdb~~aph%7C%7Cjdb~~aphjnh%7C%7Css~~JN%20%22Biotechnology%20%26%20Bioprocess%20Engineering%22%7C%7Csl~~jh','');
https://www.sciencedirect.com/science/article/pii/S0717345816301294#!
https://www.sciencedirect.com/science/article/pii/S0717345816301294#!
https://www.sciencedirect.com/science/article/pii/S0717345816301294#!
https://www.sciencedirect.com/science/journal/07173458
https://www.sciencedirect.com/science/journal/07173458
https://www.sciencedirect.com/science/journal/07173458/25/supp/C
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Seh-Bardan%2C+Bahi+Jalili
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Othman%2C+Radziah
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ab+Wahid%2C+Samsuri

	SECTION MINING AND MINERAL PROCESSING
	Luganov, V.A., T.A. Chepushtanova, G.D. Guseynova, B. Mishra. Biotechnologies application atarsenic-bearing materials processing


