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Thermodynamic calculations allow determining optimal metabolic pathways for microbial
extraction of toxic soluble hexavalent chromium compounds from contaminated sewage.

The purpose was to predict theoretically and confirm experimentally the possibility of hazardous
Cr(VI) removal by hydrogen producing microbiome with simultaneous destruction of multicomponent
organic waste and hydrogen synthesis.

The gas composition was determined by the standard gas chromatography method. The redox
potential (Eh) and pH of the medium were measured potentiometrically. The Cr(VI) concentration
was measured by a photocolorimetric method.

The multicomponent organic waste was effectively destroyed by hydrogen producing microbiome
at the absence of chromium. The hydrogen fermentation cycle was not significantly inhibited by
addition of Cr(VI). After complete microbial reduction of soluble Cr042_ to insoluble Cr(OH)3-nH20i«
the metabolic parameters returned to initial values.

The optimal pathway of microbial detoxification of toxic Cr(VI) compounds was thermodynamically
predicted and experimentally confirmed. The high efficiency of Cr(VI) removal by strict anaerobic
hydrogen producing microbiome via dark hydrogen fermentation of multicomponent organic waste was
demonstrated. The obtained results can be used for development of novel environmental biotechnology
of chromium-containing sewage purification and simultaneous destruction of environmentally
hazardous organic waste as well as obtaining of eco-friendly energy carrier biohydrogen.

Key words: thermodynamic prediction, environmental biotechnologies, hydrogen fermentation,

biohydrogen synthesis, toxic chromium(VI) compounds, microbial reduction of chro-
mate, multicomponent organic waste destruction.

Chromium (VI) is one of the hazardous
contaminant of the water and soil
environment [1]. Human activity has caused
the widespread distribution of chromium
compounds in natural and man-made
ecosystems [1-3]. Chromium is widely applied
in the chemical and metallurgic industry,
including production of refractory materials,
electroplating, stainless steel formation,
tanning agents and pigments production
[4]. The environmental pollution by toxic
chromium compounds is steadily increasing
due to the accumulation of huge volumes of
chromium-containing industrial sewage.

For example, sewage from electroplating
facilities contains toxic forms of hexavalent
chromium — chromate and dichromate
[5]. Ingestion of toxic sewage to natural
ecosystems causes death of living organisms
and drastic effects on human health [1,
6]. Chromium(VI) compounds have been
found in different industrial sewage. The
concentration of chromium(VI) in sewage
ranges from 0.2 to 0.65 ppm [7]. The Cr(VI)
concentrations were in the range of 0.00190
+ 0.0020 and 0.0010 = 0.0006 ppm in
the influent and effluent sewage samples
respectively collected from Nacogdoches
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Waste Water Treatment Plant (East Texas,
USA) [8].

The toxicity of Cr(VI) for plants,
animals, microorganisms as well as human
is caused by high oxidizing potential and
solubility of chromium, mobility across
the membranes in living organisms with
effects such as loss of membrane integrity
or inhibition of the electron transport
chain [1, 9]. Therefore, the development
of effective methods for purification
of aquatic and soil ecosystems from
hexavalent chromium compounds is of
a great interest to modern science and
industry. Physico-chemical techniques of
chromium containing sewage purification
such as flotation, chemical precipitation,
coagulation—flocculation, ion exchange and
membrane filtration are efficient and rapid,
but often require considerable economic
costs and are environmentally hazardous
[10]. The biotechnological techniques are
industrially promising, cost-effective
and environmentally friendly alternative
ones. They are based on the microbial
reduction of soluble chromium(VI) to non-
toxic insoluble chromium(III) in the form
of Cr(OH);'nH,0! [9]. For the first time,
the possibility of microbial reduction
of hexavalent chromium was shown for
Pseudomonas spp. by Romanenko and
Korenkov over 42 years ago [11]. It is
known that microorganisms isolated from
polluted industrial sites are able to reduce
Cr(VI). The strain Cellulosi microbium
cellulans DQ-4 (EU816697) isolated from
metallurgical plants of Bagnoli (Naples,
Italy) reduced Cr(VI) with high efficiency
(92%) at the initial concentration of 50 ppm
and was resistant to 150-250 ppm Cr(VI)
[9]. Despite the considerable interest to the
microbial methods of chromium extraction,
scientists have not yet been able to develop
biotechnology to completely purify
contaminated sewage at high chromium(VI)
concentration.

The accumulation of huge amount of
organic waste is another global environmental
problem today. First of all, they are hazardous
due to the accumulation of toxic products of
decay (hydrogen sulfide, mercaptans, NHj,
fatty acids) and proliferation of pathogenic
microorganisms. Physico-chemical methods
such as incineration, pelletisation, deposition
at the landfill sites [12] are not capable to
destroy enormous volumes of organic waste
[13], since their rate of accumulation far
exceeds the duration of their decomposition.
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Herein, we propose the novel metho-
dological approach for rapid and effective
microbial purification of chromium-containing
sewage and simultaneous destruction of
multicomponent organic waste (MOW)
with obtaining of high-energy carrier —
biohydrogen. Biohydrogen is defined
as molecular hydrogen obtained via the
fermentation of organics.

Thus, the purpose of our study was
to predict theoretically and confirm
experimentally the possibility of hazardous
chromium(VI) removal by hydrogen
producing microbiome via dark anaerobic
fermentation of multicomponent organic
waste.

Materials and Methods

Thermodynamic prediction as a
universal method to justify the possibility
of microbial interaction with metals.
Thermodynamic prediction was applied as
the theoretical background to justify the
possibility of Cr(VI)removal from sewage by
hydrogen-producing anaerobic microbiome.
It allows substantiating the most effective
mechanisms of soluble toxic chromium(VI)
ions detoxification by microbial reduction
to insoluble chromium(III) in the form
Cr(OH);'nH,0!. The Pourbaix diagram (the
diagram of the stability of the elements
as aqueous electrochemical system in
“pH-Eh” coordinates) was used as a
basis for thermodynamic prediction of
microbial interaction with chromium(VI)
compounds [14].

Bioremoval of 50 ppm Cr(VI) during
fermentation of model multicomponent
organic waste. Effectiveness of chromium(VI)
removal during hydrogen fermentation of
MOW was determined using glass bioreactor
(0.5 L). We used a spore-forming anaerobic
hydrogen-producing microbiome (HPM)
as the low-potential donor system. For this
purpose, MOW were prepared as follows:
25 g of potato peels, 5 g of tomato tops, 5 g
of apple peels, 10 g of rotten apricots, 5 g
of meat (Fig. 1) waste and 10 g of granular
microbial preparation (GMP) were mixed in
a sterile bioreactor (0.5 L).

The GMP was developed as granular
preparation containing selected from the
digested sludge of methane tank community
of spore-forming anaerobic hydrogen-
producing microorganisms as well as
nutrients and regulators of microbial
metabolism.
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Fig. 1. Mixture of model multicomponent organic waste for hydrogen fermentation:
A — the potato peels; B — the tomato tops; C — the apple peels; D — the rotten apricots;
E — the meat; F — the glass bioreactor after waste loading

All components of model waste were
also heated up for 20 minutes on water bath
at 90 °C to eliminate of non-spore forming
microorganisms and mixed with 250 ml of
boiled tap water. Bioreactors were sealed
by rubber stoppers with metal securers and
cultivated at 30 °C during four days. The gas
synthesized in the fermentation process was
collected in the gas-holder. For this purpose,
we used the gas-holder with rubber pipe and
a needle. The rubber stopper of the bottle
was pierced by the needle and the gas was
transferred to gas-holder through the pipe,
connected to the needle (Fig. 2).

Air was the initial gas phase in the
bottles. Solution of NaHCO; was added to
the reactor to provide values of pH close to
pH = 7.0 for optimal pathway of
fermentation of MOW.

Chromium(VI) solution was added to the
glass bioreactor (500 ml) when microorganisms
reached the final stage of metabolic activity.
It was estimated by the decrease of hydrogen
yield (concentration of H, in the gas phase of
bioreactor decreased from 36% to 19%) and
the redox potential began to rise. After that
chromium solution was added to the bioreactor
to the final concentration 50 ppm Cr(VI) in
the form of K,CrO, salt. The experiment was

carried out in triplicate. Statistical analysis
was carried out using Excel and Origin 8.5.1.
software.

Bioremoval of 100 ppm Cr(VI) from liquid
phase during final stage of fermentation
of MOW. To investigate the possibility of
microorganisms to remove 100 ppm Cr(VI)
(in form of K,CrO, salt) the liquid phase
of anaerobic batch bioreactor (240 L) was
collected [15]. The metabolically active culture
liquid containing fermented MOW was sampled
in the final phase (80 hours) of fermentation
and used to investigate the dynamics of Cr(VI)
removal.

For this purpose, 300 ml of culture liquid
with low metabolic activity (the Eh increased
to —120 mV, the H, concentration in the gas
phase of bioreactor decreased) was sampled
from the bioreactor (240 L) and transferred
to the laboratory glass bioreactor (0.5 L).
The gas phase (0.2 L) of the bioreactor
was replaced by argon. The bioreactor
was hermetically closed and cultivated at
30 °C during 12 hours to provide strict
anaerobic conditions for optimal growth of
hydrogen producing microorganisms. After
that, chromium solution was added to the
cultivation system to the final concentration
100 ppm Cr(VI).
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Fig. 2. The measurement of the gas volume:
A — the bioreactor; B — the gas-holder;
C — the water seal

The preparation of chromium solution
and determination of Cr(VI) concentration.
The solution of 30 000 ppm Cr(VI) was
used as a stock. It was prepared by K,CrO,
salt dissolution in distilled water in the
volumetric flask. The Cr(VI) concentration
was determined by a colorimetric method with
1,5-diphenylcarbazide (DPC) in the range of
1.0-25.0 ppm Cr(VI). The method is based on
the formation of colored violet complex caused
by the interaction of chromium(III) compounds
with DFCat the pH <1.0[16].

The control of metabolic parameters of
fermentation process. The concentration of
hydrogen in the gas phase was analyzed by the
standard gas chromatography method [17].
The chromatograph equipped with two steel
columns — one (I) for the analysis of Ny, O,,
N, and CH,, the second (II) — analysis of CO,.

Parameters of column: I —1=3m, d =3 mm,
molecular sieve 13X (NaX); II —1=2m,d =3 mm,
with carrier Porapak-Q; column temperature —
60 °C, the temperature of evaporator — +75 °C,
detector (katharometer) — +60 °C, the current
detector — 50 mA. Carrier gas — argon, gas
duct velocity — 30 cm?®/min.Volume of gas
samples was: the first column — 2.5 cm?®, the
second — 1 cm?®.

The redox potential (Eh) and pH of the
medium were measured potentiometrically.
For this purpose, the determination of pH
and Eh was performed using an EZODO
MP-103 universal ionomer with remote
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electrodes and a temperature sensor. To
measure pH and Eh, we used the combined
electrodes with BNC connectors — PY41
and PO50 models, respectively. Before the
measurement the electrodes were tested by
convention standard buffer solutions. For
pH check conventional pH-buffer solutions
were used: solution of KHC,0,H,C,0,:2H,0
(pH = 1.68); mixture of NaH,PO4 and K,HPO,
(pH = 6.86); Na,B,0,-10H,0 (pH = 9.18).
Standart pH-buffers were prepared according
to the producer’s manual (OJSC “Kyiv plant
RIAP”). For the validation of Eh measurement
three buffer solutions were used. The first one
was ferricyanide, with Eh = +273 mV (13.5 g/I1
K;[Fe(CN)g] and 3.8 g/1 K [Fe(CN)g].3H,0), The
first one was Fe(II) citrate (10.0 g/1 with Eh = —
150 mV and the third one was Ti(III) citrate (15.0
g/1) with Eh = -440 mV [18].

The following metabolic parameters
of MOW fermentation were controlled:
1) duration of fermentation period (T, days);
2) biohydrogen yield (L); 3) coefficient of waste
destruction (Kd) meaning the ratio of initial
and final weight of waste [19].

Results and Discussion

The following theoretical positions
are the basis for the development of novel
biotechnologies of chromium containing sewage
purification. All metabolic oxidation-reduction
processes are carried out by microorganisms in
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the field of thermodynamic stability of water
(Fig. 3). In neutral conditions (pH = 7.0) water
is stable in the range of standard values of the
redox potential E from —414 to +814 mV. The
lower limit of water stability is determined
by the reversible reaction of proton reduction
to molecular hydrogen: 2H" + 28 = H,; E /=
—414 mV. The upper limit of water stability
is determined by the reversible oxidation
reaction of water oxygen to molecular oxygen:
2H,0 = 0, + 4H, + 4&; E/ = +814 mV (Fig.
3, a). In case when the redox potential of the
aqueous solution is higher than +814 mV, the
oxygen of the water acts as a reducing agent.
It is oxidized to O,, and the Eh returns to the
initial value +814 mV. In case if the potential
is lower than —414 mV, the proton of water
acts as an oxidizing agent. It is reduced to H,
(Fig. 3, b). Water acts as a binary redox buffer
that is stable in the range of the standard redox

potentials from —414 to +814 mV [14, 16]. In
accordance with our hypothesis microbial
growth in the presence of the oxidized forms
of toxic metals and interaction with them
are theoretically permissible if the redox
potential of the system formed by the metal
and its reduced form is inside of the field of
thermodynamic stability of water [16].

Herein, our methodological approach is
based on the thermodynamic justification of
the optimal microbial metabolic pathway to
reduce high potential CrO,* (E, = +555 mV)
to insoluble non-toxic Cr(OH)3-nH20~L and
low potential (E. —414 mV) anaerobic
destruction of organic waste with obtaining
high-energy carrier — biohydrogen.

The oxidation levels of soluble form
of chromium are +6, +3 and +2 (Fig. 3).
Chromium in the +2 level is the reducing
agent. It reduces H" of water to molecular H,

Eh, mV
+1600 |
+1400 - HCrO,+7H"+ 3e=Cr3”I“+4H20 (69
+1200 = Cr,0 +8H*+ 6&=2Cr€01—[)3+H20 &)
+1000 = ~ < [ I 2H,0 = 0, +4H +4e
i /e, EmmD
-~ J'=+814mV.
e / = @ s T a
+600 = Cr,0.%+14H"+ 6e= T~ Tl
=20r* + 7TH,0 (2) ~— @) =
T 969 mV
200 - CrO >+ (n-1)H,0+ SH'+ 3e=
= Cr(OH);nH,0 (4
0 4. _ ORI & |E,' = +555 mV|
Ini !
-200 = = | 2H' +2e=H,
400 4o et e Tl e G
600 - I W | b
800 4 (o 2e=Cr (6) @ =
-1000 - !
1200 - !
Cr(OH);+3H"+ 3e=Cr+ 3H,0 (7)
-1400 - :
0 2 4 6 8 10 12 pH

Fig. 3. The Pourbaix Diagram showing thermodynamic stability of chromium redox-forms in solutions:
upper and lower limits of stability are determined by reactions a and b
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(Fig. 3, No. 5). In the +6 state it is a powerful
oxidizing agent, because the redox potential
of hexavalent chromium compounds is very
high (Fig. 3, reactions No. 1-4) [20]. For
example, the standard redox potential (E,') of
the reduction of Cr(VI) to Cr(III) is +555 mV
(Fig. 3, reaction No. 4).

Chromium in the +6 level is considerably
important due to its carcinogenicity and
toxicity to living organisms [9]. In aqueous
solutions Cr(VI) can exist in different forms
(HCrO,~, Cr,0,27,Cr0,2") depending on the
value of pH (Fig. 3, reactions No. 1-4).
The precipitation of chromium(VI) by
microorganisms is impossible, because
the insoluble chromium(VI) compounds
do not exist. Therefore, the reduction
of CrO,% to insoluble Cr(OH);-nH,0!
is theoretically acceptable and suitable
microbial pathway of toxic chromium(VI)
removal from solutions. The Eh of this
reaction is +555 mV and it takes place
within the field of water stability. This
reaction (Fig. 3, reaction 4) is limited by
pH value that should not be lower than 6.5
(Fig. 3)[16]: CrO,%” + (n—1)-H,0 + 5H" + 3e
= Cr(OH);nH,0!, E,'(pH > 6,5) = +555 mV
(Fig. 3, reactions No. 4).

Thus, the redox potentials of the
reaction underlying the microbial removal
of chromium(VI) is inside thermodynamic
stability of water field (Fig. 3).

As it follows from our theoretical
positions, microorganisms can realize only
those reactions of interaction with metals
which redox potential is inside of the
field of thermodynamic stability of water
(Fig. 3). Consequently, the reactions No. 1,
2, 3, and 4 are theoretically acceptable, and
reactions No. 5, 6, and 7 are inaccessible to
microorganisms. Thus, microorganisms can
reduce chromium(VI) compounds only to
Cr(III). Further reduction of Cr(III) to Cr(II)
and Cr(0) by microorganisms is impossible.
All compounds of Cr(VI) are the strongest
oxidizing agents that explains their high
toxicity to microorganisms (Fig. 3, reactions
No. 1-4). Detoxification of chromium(VI)
compounds is possible only via their removal
from aqueous solutions by microorganisms.
It is known that the removal of metals is
possible both via the formation of insoluble
compounds (hydroxides, carbonates,
sulfides, etc.) without changing their
valence as well as via the reduction to
insoluble compounds [16, 21]. However,
insoluble chromium(VI) compounds do not
exist. All Cr(VI) compounds are stable in
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the form of anions HCrO, (pH = 0.0...3),
Cr,0,> (pH = 0.0...6.0), CrO,> (pH =
6.0...12.0) and do not precipitate in the form
of sulphides, carbonates in a wide range of
pH (0.0... 12.0). This clearly implies that
removal of Cr(VI) anions from solutions
is possible only via reduction to insoluble
compounds, for example, Cr(OH);nH,0{
(Fig. 3, reaction No. 4). This mechanism of
chromate removal is possible only in neutral
or slightly alkaline conditions, because
under acidic conditions (pH < 4.0), the Cr(VI)
compounds will be reduced to soluble Cr3*
cation (Fig. 3, reaction No. 5). It is known
that the effectiveness of redox reactions
is proportional to the potential difference
between the donor and acceptor systems [22].
Obviously, the hydrogen producing strict
anaerobic microorganisms create the lowest
redox potential (Eh) of the donor system.
Thus, microorganisms create AE,//= —414 mV
via hydrogen fermentation of carbohydrates
(starch, etc.). The redox potential difference
between the donor and acceptor systems
is maximum (AE, = 969 mV) in the related
redox reaction:

H,=2H" + 2¢; (E,’ = —414 mV)
CrO,2 +(n-1)-H,0 + 5H" + 3e =
= Cr(OH);-nH,0 (E, = +555 mV).

According to the thermodynamic
calculations dark hydrogen fermentation
is shown to be the most effective pathway
of soluble Cr(VI) detoxification. Therefore
we suggest the removal of toxic CrO,> via
fermentation of model multicomponent organic
wastes by anaerobic hydrogen producing
microbiome as the most effective pathway.

Our model organic waste is multicomponent
and simulates real municipal waste because
it contains substrates of both plant and
animal origin. The microbiome that produces
hydrogen includes microorganisms of the
genus Clostridium [23], Bacillus, Enterobacter,
Enterococcus [24, 25], Escherichia [26—28],
etc. The GMP was used as the inoculum, the
fermentation of the waste and CrO,?* bioremoval
occurred by spore-forming microbiome. Most
likely, it consisted mainly of two genus of
microorganisms — Clostridium and Bacillus.

In our investigation, HPM have carried
out rapid and effective MOW fermentation in
0.5 L bioreactor in control conditions (without
chromium) with simultaneous regulation
of microbial metabolism (Fig. 4, A).
This was evidenced by the redox-potential
(Eh) decrease from +325 mV to —320 mV
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during the first 32 hours of MOW
fermentation and high concentration of H,
(36% ) in the gas phase of the bioreactor. The
pH value was decreased from 7.15 to 5.0 after
24 hours of cycle. Then it was adjusted and
stabilized in the range 6.5-7.3 to preserve
optimal conditions for MOW destruction
and simultaneous hydrogen production
(Fig. 4, A). The MOW was effectively
destroyed by hydrogen producing microbiome
in control conditions at the absence of
chromium(VI). The following parameters
were obtained: biohydrogen yield was 81 L/kg
of solid organic waste, coefficient of waste
destruction Kd = 92.
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change after addition of 50 ppm Cr(VI). It
was in the range 25-26% after complete
chromium(VI) bioremoval (Fig. 6, A). Under
these conditions, the H, yield was 75 L/kg
of solid food waste, coefficient of waste
destruction Kd = 83. Thus, the process
of fermentation was not significantly
inhibited by 50 ppm Cr(VI) (Fig. 4, B, Fig.
6, A). The H, yield and efficiency of waste
destruction (Kd) were decreased on 7%
and 10% consequently. The duration (T') of
fermentation cycle in both variants of the
experiment was 82 hours (Fig. 4).

The active synthesis of gas, the formation
of foam, as well as the intensive destruction of
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Fig. 4. The efficiency of solid waste fermentation in control conditions without Cr(VI) (A4)
and at the presence of 50 ppm Cr(VI) (B)
(RMM — the points indicate when the regulators of microbial metabolism were added)

As it was expected, the addition of 50
ppm of Cr(VI) in the form of K,Cr,0, at the
beginning of the final phase of fermentation
(50 hours) caused a rapid increase of the
Eh from -320 mV to +311 mV (Fig. 4, B;
Fig. 6, A). However, the redox-potential
was autoregulated by HPM and decreased
from +311 mV to =5 mV after 1.5 hours of
50 ppm Cr(VI) addition (Fig. 6, A). It should
be noted that microorganisms overcame the
negative effect of high-potential Cr0,2 .
Hydrogen fermentation resumed after Cr(VI)
reduction.

The pH increased from 5.7 to 6.5
immediately after the addition 50 ppm of
Cr(VI), but the medium was acidified to 5.8
and 5.36 at 62 and 82 hours consequently
during further fermentation (Fig. 4, B). The
concentration of H, did not significantly

solid particles of waste in both variants of the
experiment (Fig. 5) also indicated the absence
of inhibition of the fermentation process by the
addition of 50 ppm Cr(VI).

At the same time, the high efficiency
of 50 ppm Cr(VI) removal by HPM was
demonstrated in our study (Fig. 6, A). The
concentration of soluble chromium(VI) was
decreased from 50 ppm to 27 ppm after only
one hour of fermentation. The efficiency
of Cr(VI) bioremoval was 100% after 53
hours of waste fermentation (Fig. 6, A).
The removal of Cr(VI) from the solution is
suggested to take place due to its reduction.
It is evidenced by the appearance of grey
precipitate typical for Cr(III) hydroxide, i.e
Cr(OH);-nH,04 .

To investigate the effectiveness of Cr(VI)
bioremoval during the final phase of hydrogen
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fermentation of solid multicomponent organic
waste by liquid phase (i.e. culture medium)
was important issue of our research. The final
parameters of the end fermentation process in
large bioreactor (240 L) testified to the decrease
of metabolic activity of microorganisms. The
concentration of H, in the gas phase of the
bioreactor decreased from 36% to 19%, the
value of the Eh increased from —340 mV to
—-120 mV, as well as the gas volume increase was
ended. After that the liquid phase was sampled
(after 80 hours of fermentation of MOW) into
the glass bioreactor (0.5 L) and cultivated
for 12 hours at 30 °C to renew the partial
metabolic activity of the HPM. Despite the weak

J - IR

f,{ ntml
'S 0
i orn

metabolic activity, the microbiome showed high
reductase activity and produced H,. The initial
parameters before the addition of Cr(VI) were
as follows: Eh = -190 mV, 16% of H, (Fig. 6,
B), the absence of gas volume synthesis as well
as the complete destruction of solid particles
of waste. The parameters indicated the final
phase of dark hydrogen fermentation of MOW.
As expected, the addition of 100 ppm of Cr(VI)
causes the high potential stress for strict
anaerobic hydrogen producing microorganisms
(Fig. 6, B). The addition of 100 ppm Cr (VI)
caused an increase of the redox potential from
—190 to + 325 mV. Then, the concentration of
Cr(VI) has decreased to analytical zero (over

Fig. 5. The absence of inhibition of MOW fermentation by toxic hexavalent chromium compounds
(70 hours of fermentation)
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Fig. 6. Bioremoval of Cr(VI) during final phase of hydrogen fermentation of multicomponent food waste:
A — addition of 50 ppm Cr(VI) to the glass bioreactor (0.5 L) after 50 hours of hydrogen fermentation;
B — addition of 100 ppm Cr(VI) to the liquid phase sampled from bioreactor (240 L) after 80 hours of hydro-
gen fermentation
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4 hours of fermentation). The decrease of Cr(VI)
concentration correlated with the decrease of the
Eh from +325 to —99 mV (Fig. 6, B). This result
is quite natural, because the rate and efficiency
of the reaction is determined by the potential
difference between the donor and acceptor
systems in accordance with the thermodynamic
prognosis [16]. The standard redox potential of
the chromate reduction reaction is +555 mV,
and the potential of the investigated HPM was
—190 mV. Microorganisms completely reduced
the chromate in just 4 hours due to the high
difference in redox potentials (745 mV).

To summarize, the effectiveness of
chromium(VI) bioremoval from culture medium
of bioreactor was 100% and continued 4 hours.
The process of chromium removal correlated
with the decrease of the redox potential
(from +325 mV to —99 mV) (Fig. 6, B). The
concentration of H, was not changed during the
process of chromium(VI) bioremoval (Fig. 6, B).
So, the toxic Cr(VI) did not significantly affect
on the fermentation process.

Thus, we have experimentally confirmed
the theoretical background of effective
soluble Cr(VI) removal by hydrogen producing
microbiome. The investigation of optimal
microbial pathway of chromium-containing
sewage purification from soluble hexavalent
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BIOBUJIYYEHHSA TOKCUYHOT'O

XPOMY(VI) B IIPOIIECI 3BPOJI"KYBAHHS

BATATOKOMIIOHEHTHUX OPTAHIYHHUX
BIIXOJIIB

B. M. I'osopyxa, O. A. 'agpuaik,
I'.B.I'nadxa, O. B. Tawupes,

TmcTuTyT Mikpobiosorii i Bipycosorii
im. I.K. 3abomoraoro HAH Vkpainu, Kuis

E-mail: vira-govorukha@ukr.net

TepMoguHaMiuHiI PO3PaXyHKU JAIOTh 3MOTY
BU3HAYNUTH ONTUMAJbHI MeTa0O0JMiuH] IIIJIAXY IJIs
MiKpOOHOTO BUJIYUEHHA TOKCUYHUX POZUNHHUX
CIIOJIYK IIIECTUBAJEHTHOTO XPOMY 3 KOHTaMiHOBA-
HUX CTiYHUX BOJ,.

MeToio gocaim:keHHA OyJIO TEOPETHUUHO IIe-
pendauuTy Ta eKCIepUMeHTaJbHO IIiATBEePAUTH
MOKJIUBicTh BuayueHHsa Hebesdmeunoro Cr(VI) za
JOIIOMOT0I0 BOJEHLCUHTE3YBAJbHOIO MiKpobiomy
y IIpoIleci oJHOUYACHOI JecTPyKIlii 6araToKomIio-
HEHTHHUX OPraHiYHUX BiXOIiB Ta CUHTE3y BOJHIO.

CkJjan rasy BU3HaAYaJIud, BUKOPHUCTOBYIOUU
CTaHIApPTHUI MeToJ] rasoBoi xpomarorpadii. Pe-
mokc-moreriian (Eh) ra pH cepemosuiia Bumipro-
BaJsiz moreHIiomerpuuHo. Koumenrparitmo Cr(VI)
BU3HAYAJIY (POTOKOJIOPUMETPUYHUM METOIOM.

BararokoMmoHeHTHi opraHiuHi Bigxomau 6yJi0
e(peKTUBHO 3PYHHOBAHO BOJEHLCUHTE3YBAJIbHIM
MikpobGiomom 3a BimcyTHOCTI Xxpomy. IIuKJ BOA-
HeBOTO 30pOJKYBaHHA HECYTTEBO iHTiOyBaBCHA
momaBanaaM Cr(VI). Ilicia noBHOTrO MiKpoGHOTO
BiTHOBJIEHHS PO3UYUHHOTO Cr0427 IO HEPO3UMHHO-
ro Cr(OH)3-nH20»L MeTabo IiuHi TapaMeTpu IIoBep-
HYJIVCS O TIOYaTKOBOTO PiBHS.

OnTuManbHUN IIJISX MiKPOOHOTO BUJIYUYEHHS
cnoayk Tokcuunoro Cr(VI) repmoamuaamiuno 00-
I'PYHTOBAHO Ta eKCIIePUMEHTAJIbHO MiATBePAIKEHO.
Byna noxkasaHa Brucoka e()eKTUBHICTH BUJIYUeH-
Hsa Cr(VI) sa gzomomororo obJriraTHo aHaepoOHOTO
BOJIeHbCUHTE3YBAJIBbHOTO0 MiKpoOioMy y mpolieci
BOJHEBOTO 30pOAKyBaHHA 0AraTOKOMIIOHEHTHUX
opra"iuHux Bigxoxis. OTpuMaHi pe3yabTaTU MOK-
Ha BUKOPUCTOBYBATH AJA PO3POOJIEHHA HOBITHIX
IIPUPOJOOXOPOHHUX 0iOTEXHOJIOTiNl OUMINeHHSA
XPOMATBMIiCHUX CTiUHMX BOJ Ta OJHOYACHOI ze-
CTPYKIIil eKoJIoTiuHO HeO0e3meuHUX OpTaHiuHUX
BiIX0ZiB, a TAKOK 3 METOIO OTPUMAaHHSA €KO0JIOTiu-
HO YHCTOTO €HeProHocia — 0ioBOIHIO.

Knwuosi cnosa: TepMogHaAMiuHe TTPOTHO3YBAH-
HfA, IPUPOJOOXOPOHHI OioTexmosorii, BomHEBe
30pOIKyBaHHA, CUHTEe3 010BOJHIO, CIIOJYKU TOK-
cuyHoro xpomy(VI), MikpoOGHe BiZHOBJIEHHSA
XpoMaTiB, [OeCTPYKIlig O0araTOKOMIIOHEHTHUX
OpraHiuYHMX BigXO/iB.

BUON3BJEYEHUE TOKCHYHOTO
XPOMA(VI) B ITIPOITECCE CBPAKUBAHUS
MHOTOKOMIIOHEHTHBIX
OPTAHUYECKHUX OTXO0JIOB

B. M. I'osopyxa, A. A. 'aspuiok,
I'.B.I'nadxa, A. B. Tawupes

MHCTUTYT MUKPOOMOJIOTHY U BUPYCOJIOTUN
um. [1. K. 3ab6ororaoro HAH Ykpaunsi, Kues

E-mail: vira-govorukha@ukr.net

TepMoguHaMUYECKNE PAaCUEThl IO3BOJIAIOT
OIIPEeIeIUTh ONITUMAJILHBIE METAa00ITNYECKYE YT
LIS MUKPOOHOTO M3BJI€UEHU S TOKCUUHBIX PACTBO-
PUMBIX COEJMHEHU IITeCTUBAJIEHTHOTO XpoMa 13
KOHTAMUHWPOBAHHBIX CTOYHBIX BOJ.

ITenbro ucciaegoBaHUA OBLIO TEOPETUUYECKU
IIpecKasaTh U 9KCIEePUMEHTAJIbHO HOATBEPIUTD
BOBMOJKHOCTB usBJeueHud onacHoro Cr(VI) c mo-
MOIIHIO0 BOJAOPOJACUHTE3UPYIONIEr0o MUKpPoOmroMa
B IIpPOIlecce OJHOBPEMEHHOM NEeCTPYKIIUU MHOTO-
KOMITOHEHTHBIX OPraHUUYECKUX OTXOJ0B U CUHTE3a
BOZOpOJA.

CocraB rasa ompeessaian, UCIOJb3ysa CTaH-
IapTHBIN MeToZ ra3zoBoii xpomartorpaduu. Peroxc-
norernnuai (Eh) u pH cpeabl nsMepsiyiv IOTEHIO-
metpuuecku. Kornenrpamuio Cr(VI) onpenesnsaniu
(GHOTOKOJIOPUMETPUUECKUM METOIOM.

MHOTOKOMIIOHEHTHBIE OPTAHUYECKIE OTXOIbI
ObLTH 3(PPEKTUBHO Pa3pyIleHbl BOAOPOICUHTEIU-
PYIOIUM MUKPOOMOMOM IIPU OTCYTCTBUM XPOMaA.
Iuka BogopoaHoro cOpasknBaHUA HECYIIIECTBEHHO
nHrubuposasica saecenuem Cr(VI). ITocie mossHo-
ro MUKPOOHOTO BOCCTAHOBJIEHUS PACTBOPUMOTO
Cr0427 10 HePaCTBOPUMOTO Cr(OH)3-nH20~L MeTa-
0osMyecKue mapamMeTphbl BePHYJIUCH K UCXOJHOMY
YPOBHIO.

OnrtuManbHBIA TYyTh MUKPOOHOTO M3BJIEUE-
Husa coeguneHuit Tokcuunoro Cr(VI) 6s11 Tepmo-
IVHAMUYECKU O000CHOBAH M SKCIEPUMEHTAJIbHO
OATBEepP:KAeH. Brljia mokasaHa BeIcOKasA aPex-
TuBHOCTh usBjaeuenusa Cr(VI) obauraruo aHaspos-
HBIM BOJOPOJCUHTE3UPYIOIIUM MUKDPOOMOMOM B
IIpoItecce BOJOPOTHOTO COpasKMBAHUA MHOTOKOM-
IIOHEHTHBIX OPTraHUYeCKUX 0TX0n0B. [TomyuenHbIe
pe3yabTaThl MOTYT OBITH MCIIOJB30BAHBI JJIA Pas-
PaboOTKM HOBEHUIIINX MPUPOSOOXPAHHBIX OMOTEX-
HOJIOTU¥ OYMCTKY XPOMAaTCOAEPIKAIIUX CTOUHBIX
BOJ I OTHOBPEMEHHOM TeCTPYKIIUU SKOJOTUUECKH
OIIaCHBIX OPTAaHUYECKUX OTXOMOB, & TaKiKe II0JIy-
YeHUA SKOJIOTUUYECKU UNCTOTO YHEPTOHOCUTEA —
6uoBOIOPO/IA.

Knwouesvie cnoea: TepMOZUHAMUUECKOE TIPOTHO-
3UpOBaHUe, MPUPOJOOXPAHHBIE OMOTEXHOJOTUH,
BOJIOPOJIHOE cOpasKMBaHUeE, CUHTE3 OMOBOIOPOAA,
coenuuenua TokcuuHoro xpoma(VI), MukpooOHOe
BOCCTAHOBJIEHWE XPOMATOB, MECTPYKIIMSA MHOTO-
KOMITOHEHTHBIX OPTaHUYECKUX OTXO/I0B.
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