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GRAPHICAL ABSTRACT

Sulfur Produce

Introduction

With the advancement of human civilization and
the development of technology and the
increasing population, the world is currently
facing a problem called air pollution. Because
environmental protection, both human and
natural, against pollutants requires the
identification and recognition of pollutants and
sources of production, environmental research
groups have focused their training and research
on these issues. These pollutants, one of the most
important of which is hydrogen sulfide, enter the
atmosphere during the process of refinement of
fossil fuels, wastewater treatment processes, and
the use of fossil fuels in industry. Hydrogen
sulfide is a colorless, toxic, and flammable gas
with a pungent odor of rotten egg that is
naturally present in crude oil, natural gas
reservoirs, volcanic gases, and hot springs. Short-
term contact with this gas irritates the throat,
nose, eyes, and lungs. This gas also hurts the
environment, so it is crucial to remove hydrogen
sulfide from gaseous pollutants and effluents[1,
2]. The most important sources of bacterial
hydrogen sulfide reducing sulfate (SBR) are the
thermal decomposition of sulfuric organic matter
in crude oil, thermochemical regeneration of
sulfate (TSR). In general, the sources of hydrogen
sulfide emissions in industries are crude oil

refineries, paper industry, sewage facilities, and
industrial activities, such as food processing [3,
4].

Today, various methods, such as physical and
chemical methods are used to remove polluting
gases However,
disadvantages such as high energy consumption
and high operating costs have led researchers to
look for compensate for these
disadvantages [5, 6]. Therefore, methods that
have environmental and economic benefits and,
at the same time, have high efficiency are always
developing and progressing. One of these
developing methods that have received much
attention today is biological methods. In 1980,
research at Wageningen University in the
Netherlands examined the biological cycle of
sulfur to reduce the environmental problems
caused by the release of hydrogen sulfide. This
research led to the development of new
processes for the refinement of sour gases such
as biogas and gases from waste burial[7, 8].
Biological processes not only show a high rate of
H>S removal but also produce elemental sulfur. It
will also recover mineral resources from waste.
Therefore,
preferred in biological treatment plants because
sulfur granules formed by microorganisms are
non-toxic and non-edible and have a high sulfur

from the environment.

ways to

elemental sulfur formation is
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content, which can be widely used in the
manufacture of raw materials. It is also used in
bio-leaching processes, agricultural products,
and as an adsorbent for the removal of heavy

metals from waste [9-11]. Also, in 1990,
environmentally friendly and cost-effective
desulfurization processes based on

biotechnological knowledge were developed to
substitute conventional chemical and physical
methods such as the Amine Clous process[12].
Another biological process used is the SHELL-
PAQUES Process, in which sulfide is rapidly
absorbed from a gas into an alkaline liquid in an
absorption The alkaline liquid is
automatically collected at the end of the tower
and directly enters the second stage of the
process (bioreactor). Inside the bioreactor, the
adsorbed sulfide is converted to sulfur and
sulfate. Biologically produced sulfur particles are
used after dewatering (sulfur sludge). The
biological process of removing sulfur compounds
is based on the biological cycle of sulfur
production[13, 14].

The potential and ability of the hydrogen sulfide
biological removal process are enhanced by the
presence of microorganisms, including a wide
range of bacteria, which are classified according
to different criteria, and they are called sulfur-
oxidizing bacteria (SOB). Categorical criteria
include the source of carbon used, how oxygen is
consumed, the source of hydrogen consumed, as
well as the color of bacteria, the shape, and
temperature of the growing medium[15, 16].
Besides the fact that SOB plays an essential role
in H2S removal, adjusting the pH to about 8 can
prevent the growth of sulfate-reducing bacteria,
which plays an H2S
production[17]. One of the most critical bacteria
used for

tower.

essential role in

sulfur oxidation is thiobacillus.
Thiobacillus is acid-friendly bacteria that oxidize
iron or sulfur. This type of bacterium is the most
crucial sulfur oxidizer in the soil, and their
oxidizing ability has made it possible to use them

in various industries to remove sulfide in various

processes. All thiobacillus bacteria can oxidize
sulfide to sulfate, producing elemental sulfur as
an intermediate[18, 19]. The most important
factors  influencing  biological
processes are the aeration rate, the number of
nutrients required by the bacterial culture
medium, temperature, and pH. Among these, the
aeration rate is one of the vital factors because
oxygen plays the primary role as the electron
receptor for the metabolism of sulfur-oxidizing
bacteria (SOB)[20].

Since many countries have to import large
amounts of sulfur to meet industrial needs, which
in turn increases environmental pollution from
sulfur, researchers are not only concerned about
removing sulfide from pollutants in waste to
protect the environment but are also concerned
about recovering the sulfur resources in the
wastewater. Many researchers have studied the
removal of sulfide in waste. Nevertheless, given
the little research that has been done on the
process of biological removal of sulfide and
elemental sulfur recovery, in this study, the
performance of different bacteria for sulfide
removal during various processes is measured to
achieve bacteria with high biological oxidation
ability of sulfide,
proliferation of used bacteria. After selecting the
appropriate bacterium, different operating
conditions for the selected bacterium are
evaluated. Then, the process of removing
hydrogen sulfide was performed on a laboratory
scale, and its results were analyzed using Design
Expert 10.1.1 through Central Compound Design
(CDD) method.

treatment

after cultivation and

Materials and methods

Materials

Standard samples were used to evaluate natural
samples. The standard sample used in this study
was the Thiobacillusthioparus bacterium. It is the
best species used in industrial applications in
sulfur environments. This bacterium was present
in the microbial collection of Iran Scientific and

193|Page



Mirnezami S.M. et. al./ Prog. Chem. Biochem. Res. 2021, 4(2), 191-206

Industrial
prepared from this bank. To obtain two other
microbial strains from the sulfur sources of
Mahallat Hot Spring, Iran, and the effluent of the
plant of Shahid
Tondgooyan Oil Refining Company in Tehran was

Research Organization and was

wastewater  treatment
sampled. To test the performance of the species,
they should be cultured in a suitable culture
medium. For this purpose, a unique culture
medium was used for the Thiobacillusthioparus,
the values and compounds of which are shown in
Table.1, and also for metabolism, reproduction,
and better growth of bacteria, the rare elements
were used, whose compounds are shown in
Table.2.

Methods of analysis

Sorbo applied for identifying
elemental sulfur used in aquatic environments
containing sulfur. This method is designed based
on the conversion of sulfur to thiocyanate.

method is

Table .1 Culture medium compounds

Components  Quantity(g/L)
KH,PO4 2
K2HPO4 2
NH,CI 0.4
NaCO3 0.4

MgCl2.6H20 0.2

Na;S.03.5H,0 1

Table.2 Compounds of rare elements

Matter Quantity(g/L)
Na;-EDTA 50
CaCl2.2H20 34.7
FeS04.7H,0 5
MnCl;.4H,0 5.2

ZnS04.7H,0 2.2
(NH4)sMo07024.4H,0 5.0
CaS04.5H;0 2.0

14 4
12 | y= 0.0059 X- 0.094

R?= 0.99
08 -

06 1
04 1
0.2 ~

Absorbance (460 nm)

0 50 100 150 200 250

concentration of sulfur (uM)

Fig.1. sulfur calibration diagram using by Sorbo method

In the next step, thiocyanate with 3-capacity iron
is given in complex acid conditions, which has a
maximum absorption at a wavelength of 460
nanometers, that the complex absorption is
considered as a measurement tool[21]. Fig.1
shows the sulfur calibration diagram using the
above method.

The methylene blue method was used to measure
the amount of sulfide and polysulfide ions in the
containing bacteria. This
experiment is based on the deposition of sulfide
(or polysulfide atoms) with ZnAc (acetate zinc)
and the 2-Methyl-p-
phenylenediamine sulfate to the medium and
reaction with iron (III) atom and production of
the final methylene blue product in an acidic
environment. This method applies to a medium
containing sulfide ions with concentrations
between 0.1 mg/Lit to 20 mg/Lit[22]. Figure2
shows the calibration of sulfide ions using the
above method.

A Chemometrics measurement kit was used to
measure thiosulfate. The thiosulfate
concentration is expressed as mg/L using the
method and spectrophotometric
Measurement of sulfate
performed by turbidity measurement at a
wavelength of 420 nm. In this way, the sulfate ion
with barium chloride precipitates as barium
sulfate.

culture medium

conversion to

iodometric

device. ions was
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Fig.2. the calibration of sulfide ions using the

methylene blue method
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Fig. 3. Calibration diagram of sulfate measurement
using by turbidity method

The precipitate is re-suspension with a viscous
solution containing glycerol, ethanol, and sodium
chloride. Suspension turbidity is measured at
420 nm. The basis of the analysis is based on the
production of barium sulfate [23, 24]. Figure 3
shows the calibration diagram of
measurement using the above method.

sulfate

Bacteria isolation

To detect the presence or absence of sulfur
bacteria and evaluate them, after sampling the
mentioned sulfur sources, the bacteria must be
cultured in the culture medium. Since the activity
and ability of the Thiobacillusthioparus
bacterium have been proven, it was removed
from the experiments. After preparing the
culture medium, 90cc of the culture medium was
first poured into a 250 cc Erlenmeyer flask (pH =
7-7.2). Then, 10 cc of each bacterial sample
(refinery wastewater sample and hot mineral
water sample) was poured into the Erlenmeyer
flask, and the specimens were placed in a 150

rpm incubator shaker. Since at the time of
sampling the desired sources, the temperature of
the source is measured with a thermometer, so
the temperature of the incubator shaker should
be set at that temperature so that the
temperature of the sampled medium is provided
for bacteria to grow. For this purpose, two
incubator shakers were used. The first incubator
shaker temperature for hot spring bacteria,
which were thermophiles, was 55°C, and the
temperature of the second incubator shaker for
refinery sewage bacteria, which
mesophiles, was 25 (ambient temperature). To
measure the growth of microorganisms daily, the
method of measuring the amount of thiosulfate
and solution turbidity was used. This procedure
was repeated several times for both species. At
inoculation, the turbidity
measured using a Spectrophotometer at 600 nm
wavelength, and the thiosulfate of each
Erlenmeyer was measured using the methylene
blue method. The turbidity of the culture
medium also in the
bacterial population and the production of sulfur,
and a decrease in the amount of thiosulfate also
indicated that it was consumed by bacteria. This
medium continued until it reached a medium rich
in one or more species capable of oxidizing
thiosulfate. Thiobacillusthioparus also
cultured separately for further testing. The
optimum temperature for the growth of this
bacteria was also 30° Cand pH =7.1.

were

each rate was

indicated an increase

were

Investigating the growth
different conditions

Bacterial culture conditions in the culture
medium were evaluated in both aerobic and
anaerobic conditions. To investigate this, 10 cc of
inoculation medium, which had been enriched

of bacteria in

several times after inoculation, was added to 90
cc of culture medium. For this purpose, two
Erlenmeyer flasks were considered.
Erlenmeyer, the aeration was performed with a
flow rate of 200 ml/min, and in the next

In one
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Erlenmeyer, no aeration was performed. To
measure bacterial growth in aerobic and
conditions, optical density
measurement at 600 nm was used. Then a test
was designed for autotrophy or heterotrophy. In
this experiment, the carbon in the air carbon
dioxide was used once, and organic carbon was
once again used as a carbon source for bacteria.
The organic carbon sodium
bicarbonate, which was dissolved in 1000 cc as
provided in the culture medium. After checking
the suitable conditions for aerobic or anaerobic
and the presence of bacteria, air conditions are
usually applied to them. For this purpose, two
identical Erlenmeyer flasks were used. For one
Erlenmeyer flask, an organic carbon source was
used, and for the other, without an organic
source and carbon dioxide in the air was used.
Aeration was done during incubation to examine
the effect of this type of carbon.

anaerobic

used was

Investigating the performance of bacteria in
alkaline PHs

The performance of the two bacterial species was
evaluated in different alkaline pH. In this way,
the pH of the culture medium was increased to 1
molar by NaOH, and in each pH, the same
conditions were created for both,
agitation and aeration. In this experiment, two
250 cc Erlenmeyer flasks were used. Each
Erlenmeyer flask used 100 cc of culture medium
and 10 cc of inoculation medium and used 200
ml/min aeration and 150 rpm agitation. This test
was performed for both species in pH 7, 9, and
10.

such as

Investigation of the initial sulfide density in
the performance of bacteria

The tolerability of bacteria to the amount of
sulfide in the environment is one of the most
important factors in choosing the type of bacteria
in the laboratory and an
Therefore, one of the parameters that should be

industrial scale.

considered is the ability of bacteria in sulfide

removal. Accordingly, the tolerability of bacteria
or the amount of sulfide shock
experiments was investigated[25].
After increasing the bacterial population and
examining the suitable conditions for creating a
sulfide medium,
gradually decreased. Then, sodium sulfide was
added to the culture medium as a sulfide source
with a concentration of 250 mg/L to examine the
yield of bacteria in exchange for the presence of
sulfide as the source of sulfur. To further
investigate the effect of the initial sulfide level on
bacterial yield, based on desk studies, the
amount of sulfide in Erlenmeyer (containing 90cc
of culture medium and 10cc of homogeneous
biomass) was selected to be250-500-1000-2000
mg/ml, respectively. All four Erlenmeyer had the
same aeration, and a 150 rpm mixer was used.
The solution was sampled during different
stages. The amount of sulfide in the solution was
measured immediately after sampling to prevent
possible error.

in these

the amount of thiosulfate

Continuous operation to remove sulfide

The 5-liter mixer-controlled bioreactor was used
to simulate the biodegradation of hydrogen
sulfide on an industrial scale. One of the features
of this bioreactor is the increasing level of
contact between liquid and gas and transferring
the appropriate mass of oxygen into the liquid
phase due to the presence of sparger, proper
agitation, and non-accumulation of bacteria in
some parts of the bioreactor. First, 1 liter of
culture medium was prepared without sulfide
source and poured into the bioreactor. The
culture medium containing sulfide prepared by
the peristaltic pump was then pumped into the
bioreactor at a constant speed. This process was
done until the bacteria reached a stable state,
which usually took 2 to 10 hours. The stable state
as a complete sulfide conversion in all parts of
the photobioreactor or a sulfide concentration in
two or three times was constant. Then the
amount of input flow gradually increased from
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40cc to 3000cc per hour. All tests were
performed at room temperature. The pH of the
solution in the range of 8-9was kept constant by
the alkaline solution. After sampling, the amount
of sulfide was measured immediately. All species
were sampled at steady-state, and experiments
were performed three times to reduce error. A
steady-state in continuous operation is a state in
which the concentration throughout the system
remains constant; in other words, the input
concentration is equal to the concentration

consumed by the bacteria.

Sulfide volume loading rate

The peristaltic pump (constant speed) was used
to investigate the effects of volumetric sulfide
loading rate. The constant speed of this pump
caused a constant flow. Also, a culture medium of
1500 mg / L sulfide was used to enter the sulfide
medium. The feed flow inserted by this pump
was50 cc/min. Different amounts of input
current were used to load sulfide into the
bioreactor. Each flow was kept constant until it
reached a constant state value. The values of
input flow and input sulfide flow are given in
Table.3. The output value inside the bioreactor
was the same as the input value after the input
sulfide remains constant or completely removed
which would keep the culture medium volume
constant and prevent it from increasing.

Table.3 Sulfide removal rate by thiobacillusthioparus
at different concentrations of sulfide

Concentration of Sulfide removal

sulfide (mg/1) rate(mg/L.h)
250 25.34
500 27.56
1000 29.89
2000 7.5

Investigation of sulfur and sulfate production
According to the experiment an appropriate
sulfide loading range was selected. The aeration
rate was selected according to the values
reported in the articles. The rate of sulfide
removal, sulfate, and sulfur production was
measured. The samples were first centrifuged to
measure the amount of sulfate present. Then the
surface liquid was removed and stored at -72° C
to be measured later. The amount of oxygen in
the solution was also measured by the solution's
oxygen electrode. This electrode showed the
amount of oxygen as a percentage of the
saturated oxygen at the test temperature. Since
experiments were one at laboratory temperature
(25 °C), and the oxygen saturation rate at this
temperature was 8.3 mg/L, so the oxygen
content was expressed as a percentage of this
saturation.

Optimization of sulfur production

The amount of dissolved oxygen and the rate of
sulfide loading were factors influencing the
production of sulfate and sulfur in the process of
biological removal of sulfide[26]. The central
compound multi-level test design method was
used to begin the work and determine the test
levels. Since, in the previous experiment, the
appropriate loading rate range was selected for
sulfide removal, this range was used. In this
experiment, the input sulfide rate of 3800-800
mg/h was used. The amount of dissolved oxygen
was also adjustable. According to the values
reported in the source, the amount of oxygen in
the solution was selected to be 0.1-3 mg / L. The
aeration rate varied from 10 to 30 ml/min. By
transferring the above information in the Design
Expert, the test design table is presented as
shown in Table.4.
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Table.4 Test design for two factors using a central combination design

A: Loadin Sulfur Sulfate

Std Run Rate (mg/ﬁ) B: 02(mg/L) produce(mg/L) produce(mg/L)

13 1 2300 0.65 1205 2775

4 2 3800 1 1803 4890

2 3 3800 0.3 3107 930

1 4 800 0.3 408 975

6 5 4421.32 0.65 3211 2529

11 6 2300 0.65 1184 3168

77 7 2300 0.16 1809 624

10 8 AR 0.65 1213 2853

5 9 178.68 0.65 65 312

8 10 2300 1.14 810 4122

12 11 2300 0.65 1220 2832

3 12 800 1 210 1731

9 13 2300 0.65 1190 2202
Results and Discussion 1.4 Absorbance >00
Primary culture 1.2 —@— concentration of thicsulfate 450 Q
To conduct the primary culture, thiosulfate was 400 g
used as a sulfur source, and its amount was g ! 320 ;g
measured during the growth period. On the other % 0.8 j:z %
hand, the optical density for measuring the P £
turbidity of the solution was evaluated, which E i:g E’
indicated the growth of biomass. When using the E o4 100 %
specific culture medium of the < 02 % %
Thiobacillusthioparus during conducting primary 0 0o &
culture of samples in the culture medium, we 0 5 10 15

excluded this bacterium from this stage of the
experiment. Increasing the turbidity of the
solution and decreasing the amount of thiosulfate
indicated the uptake of sulfur source by bacteria
from the refinery wastewater (T.R.W) and the
growth of biomass. The results are shown in
Fig.4.

According to the results displayed in Figure4, the
amount of thiosulfate in the medium containing
the bacteria of refinery wastewater was reduced
from 457 mg/L to 27 mg/L.

Time (h)

Fig.4. Changes in thiosulfate concentration and optical
density for T. R.W bacteria

Also, increasing the turbidity of the solution from
0.2 at the beginning of the process to 1.12 at the
end of it indicates the consumption of thiosulfate
and biomass growth.

The above experiment was also performed for
the sample obtained from the Mahallat Hot
Spring (M. H.S). The result is shown in Figure5.
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Fig.5. Changes in thiosulfate concentration and optical
density for M.H.S bacteria

The results of experiments show that changes in
thiosulfate levels in the medium containing hot
spring bacteria were not significant, but the
increase in solution turbidity from 0.17 to 0.63 at
the end of the process indicates its activity and
biomass growth.

Investigation of bacterial growth at different
conditions

One of the conditions studied was the aerobic or
anaerobic mechanism of bacteria. Optical density
was evaluated to measure the turbidity of the
solution, which indicated the growth of biomass,
the results of which are shown in Figure 6.

14

1.2 4 M.H.5 bacteria in
-g . anaerobic conditions
c 1 -
= —&— M.H.5 bacteria in
@ 0.8 1 aerobic conditions
P
2 06 T.R.W bacteria in
2 anaerobic conditions
S04
4 —8—T.R.W bacteria in
< 0.2 aerobic conditions

0

Tim(h)
Fig.6. Investigating the growth of T.R.w & M.H.S
bacteria in aerobic and anaerobic conditions

As shown in Figure 6, a comparison of the results
of aerobic and anaerobic growth tests shows that
these bacteria grow better in aerobic conditions
so that in the same bacterial samples, this
difference is quite apparent and the graphs show
a significant difference. They show that the
bacteria grow better in the aerobic state than in
the anaerobic state. Therefore, the aerobic state
should be considered both for bacteria from the
sewage of Shahid Tondgooyan Refinery Co. and
the bacteria from the Hot Spring. Another
condition considered is the bacterial autotrophy
or heterotrophy mechanisms,
bacterial growth in terms of carbon source. After
checking the appropriate conditions for aerobic
or anaerobic bacteria, aerobic conditions were
applied to them. For one Erlenmeyer flask, an

evaluation of

organic carbon source, sodium carbonate in the
culture used. For another
Erlenmeyer, carbon dioxide was used, and optical
density was used to measure the turbidity of the

medium, was

solution, indicating the growth of biomass. The
results are shown in Fig. 7.

As shown in Figure 7, the results of experiments
examining the carbon source required by the
bacteria indicate that the bacteria can use both
carbon sources as a carbon source. However, the
rate of growth in media containing organic
carbon is much higher than the rate of growth in
media containing carbon in the air.

25
M.H.5bacteriain
2 autoterophicconditions
£
c 15 #— M.H.Sbacteriain
8 : heterotmphicconditions
0
it 1 T.R.Wbacteriain
5 autoterophicconditions
Q
g 051 -
z —&— T.R.Whacteriain
o 0 heterotmphicconditions

Tim(h)

Fig.7. Investigating the growth of T.R.w& M.H.S
bacteria in autotrophic and heterotrophic conditions
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and
consumption of both carbon sources, samples
can be considered as mixotrophic (optional)
bacteria.

However, according to the results

Investigation of the performance of bacteria in
alkaline PHs

At neutral and weak acidity pH, sulfide species
are often soluble in hydrogen sulfide (H2Saq, HS-).
Because the species are volatile and enter the air
due to aeration and contact with the air, the
performance of the process at this pH repels the
sulfur gas entering the air, and the bacteria do
not have access to the sulfide. High pH
performance not only causes the generation of
dominant species as Sz but also increases the
rate of uptake in the adsorption tower.
Therefore, performance at high pH is desirable.
On the other hand, due to the alkalinity of the
medium and poor performance or the inability of
many species to operate in it, the possibility of
contamination is reduced[27, 28]. The results of
these experiments for refinery wastewater
bacteria are shown in Figure 8.

As can be seen, refinery wastewater bacteria at
pH = 9 perform well, showing that sulfide
removal rates at this pH such as pH = 7as the pH
increases to 10, and there is a difference in the
function of the bacteria.

300

pH=7
. pH=9
200 " —8—pH=10

250

150

100

50

Concentration of sulfide {mg/L}

Tim(h)

Fig.8. Changes in sulfide concentrations at different
pH levels by T.R.W bacteria

At this pH, the performance of bacteria has
changed slightly compared with the lower pH,
but it can still be claimed that they have a high
ability to remove sulfide. The performance of
these bacteria at this pH is desirable and can be
used on a larger scale. In a similar experiment,
the results of thiobacillusthioparusare are shown
in Figure 9.

The results show that the thiobacillusthioparus
species show good activity and growth only at
and pH = 7 and close to it, and with increasing
pH, the yield and activity of this bacterium
decrease sharply. In other words, at higher pH,
the bacterium is inactive and cannot remove the
sulfide in the solution. This result is especially
noticeable at higher pH such as 10. This pH does
not correctly remove sulfide and spends more
time annihilating it. Increasing the time will
drastically reduce the rate and
significantly increases operating and process
costs, so it is important to use species that have a
high sulfide removal rate.

removal

For these reasons, as well as the poor

performance of the thiobacillusthioparus
bacterium at high sulfide concentrations, the
bacterium has been removed from tests, and
further testing will be performed for bacteria
isolated from the refinery's wastewater.

900
800
700 §
600 -
500
400 A
300 pH=7
200 pH=9

100 4 —e—pH=10
0 T T T T

Concentration of sulfide {mg/L}

Tim(h)

Fig.9. Changes in sulfide concentration at different pH
by thiobacillusthioparus bacteria
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Fig.10. Bacterial function in sulfide consumption

Evaluation of sulfide consumption by bacteria
as a source of sulfur

After examining the growth of bacteria in a
medium containing thiosulfate, their energy
source changed. The energy source changed from
thiosulfate to sulfide. Sodium sulfide was used to
supply the sulfide source. In the beginning, at the
end, and during the culture, the solution was
sampled, and sulfide was measured. In this
section, the function of thiobacillusthioparus
bacterium in sulfide consumption was also
evaluated. Decreased sulfide levels indicated the
consumption of sulfide source and biomass
growth, as shown in Figure 8.

The results of the experiment show that the hot
spring bacteria have not grown well in this
medium and cannot use sulfide as an energy
source. Nevertheless, the other two samples
(thiobacillus and bacteria from Tehran's refinery
wastewater), as seen in Figure 5, have grown
well in an environment containing sulfide.

Investigating the initial concentration of
sulfide on the performance of bacteria

Examining the initial concentration of sulfide
means obtaining the toxicity threshold for
bacteria[25, 29]. results
obtained by the sulfide
consumption test, it was observed that the

According to the
bacteria in the

bacteria from the hot springs did not grow well
in the sulfide-containing medium, so it was
omitted from experiments. Subsequently, the

presence of different sulfide concentrations was
measured as the primary sulfide. After adding the
specified amounts of sulfide to the Erlenmeyer
during the process, the solution was sampled,
and the amount of sulfide in it was measured.
The results of the sulfide removal rate process
for different amounts of sulfide are shown in
Table3 and Table5 for both bacteria from the
and the

refinery wastewater

thiobacillusthioparus.

Table .5: Sulfide removal rate by T.R.W bacteria

Sulfide removal
rate (mg/L.h)

Concentration of
sulfide (mg/1)

250 28.25
500 39.6
1000 40.75
2000 38.25
3000 39.45
4000 10/78

at different sulfide concentrations

Based on the results shown in Table.5, we see
that the Thiobacillusthioparus does not tolerate
high levels of sulfide. At concentrations above
1000 mg/L, the bacterium failed to perform well
and eliminate high levels of sulfide. However,
according to Figure 10, we can see that the
bacteria from the refinery wastewater up to a
concentration of 3000 mg/L have a high
elimination rate. At a concentration of 4000
mg/L, this bacterium did not function properly,
and finally, at a concentration of 5000 mg/L
function of this bacterium is severely dropped,
meaning that the removal of sulfide at a
concentration of about 3800 mg/L is stopped by
this bacterium. It also has a higher elimination
rate than the thiobacillusthioparus bacteria in
lower sulfide levels.

Production of sulfur and sulfate

As mentioned, the amount of dissolved oxygen
and the rate of sulfide loading are factors
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influencing the production of sulfate and sulfur in
the process of sulfide removal. The central
compound multi-level test design method was
used to begin the work and determine the test
levels. In this design, 9 experiments were
performed as the main experiment of the
process, and 4 experiments were performed
repeatedly to control the usefulness of the model
for the central point. Subsequently, experiments
were performed, and samples were measured to
produce sulfur and sulfate. In this section, using

Table .6: Model Summary Statistics

the data obtained from the experiments, the
value of R2wascalculated for different models,
and the appropriate model was selected and
suggested using the maximum value for it. In
these experiments, the proposed model was a
second-order model. The results are shown in
Table.6. In the next step, using analysis of the
data variance, the importance of the parameters
was examined. The results are shown in Table.7.

Adjusted Predicted
Source Std.Dev  R-Squared R-squared R-Squared PRESS
Linear 241.58 0.9478 0.9374 0.8934 1.192E+006
2FI 176.74 0.9749 0.9665 0.9508 5.504E+005
Quadratic 54.51 0.9981 0.9968 0.9873 1.424E+ 005 Suggested
Cubic 59.42 0.9984 0.9962 0.9045 1.067E+006
Table .7: Analysis of the data variance
Source Sum of F p-value
Square df Value Prob > F
Model 1.116E+007 5 750.97 <0.0001
A 9.534E+006 1 3208.25 <0.0001
B 1.062E+006 1 357.21 <0.0001
AB 3.025E+005 1 101.79 <0.0001
A2 2.603E+005 1 87.59 <0.0001
B2 5141.98 1 1.73 0.2298
In this section, various parameters were using aloading rate and the amount of dissolved

examined. The higher the F-Value and the lower
the Prob> F values, the more critical the
parameter is, and this parameter can be called
the process-affecting parameter. From Table.6, it
can be concluded that the loading rate is an
influential parameter in this process (sulfur
production). Other parameters, such as the
amount of oxygen and the interaction of the two
factors of loading rate and oxygen, are also useful
parameters. However, their importance is not
equal to the mentioned parameter.

In the next step, the software provides a second-
order equation Eq.1 for analyzing the data, which
can predict the amount of sulfur production

oxygen with good approximation.

Sulfur Produce =-31.95143+0.67280* Sulfide Loading
Rate -124.54906* 02 -0.52381* Sulfide Loading Rate *
0:  +8.59722E-005*  Sulfide Loading  Rate?
+221.93878* 022 1)

In the next step, the results of the prediction and
the actual values obtained are evaluated. These
results are shown in Fig.11. In Figure 11, the
actual values obtained and the predicted values
are shown as horizontal and vertical axes.
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Predicted vs. Actual
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te of

2400.00 —{
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Predicted

800.00 —{

0.00 —|

4299 83224 1621.49 241075 3200.00

Actual
Fig.11. Comparison of real and predicted results

The midline indicates the complete conformity
of these two values, and the predicted results can
be wused with high accuracy to
experiments.

The results of data analysis are shown as the
effect of these two parameters on the amount of
production as a three-dimensional
procedure in Figurel2. As shown in this Fig.12,
this procedure covers all points in the range
shown. Red dots are the points where the
maximum sulfur is produced. This part of the

continue

sulfur

surface occurs at points with high sulfide loading
rate and low oxygen content, which go to blue
dots with decreasing loading rate and increasing
oxygen rate, which shows sulfide reduction.

aiue

3200

2400

=
7
s s
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4

1600

Sulfur Produce

1.00 3800.00

185000 A: Sulfide Loading Rate

0.30 800.00

Fig.12. 3D procedure resulting from the effect of
parameters

Sulfur Produce

B: 02

800.00 1550.00 2300.00 3050.00 3800.00

A: Sulfide Loading Rate
Fig.13. Condition optimization diagram for maximum
sulfur production

Finally, the optimal conditions for sulfur
production were examined. For maximum sulfur
production in this range, optimal conditions
were analyzed, at the end of which the sulfide
loading rate was 3700 mg/L, and the oxygen
content was0.3 mg/L. The amount of sulfur
obtained from these conditions was equal to
3035.55mg/L. The optimization results are

shown in Figure13.

Conclusion

According to preliminary experiments, some
bacteria consume sulfur compounds in both
samples from hot springs and sewage of Shahid
Tondgooyan Refinery Co. in Tehran. A
comparison of the results of bacterial culture
experiments in a culture medium containing
thiosulfate suggests that the refinery's sewage
bacteria performed well in consuming and
removing sulfide.
turbidity, as well as microscopic observations,
confirm this. In the case of the hot spring sample,
although apparently, not much change in the
amount of sulfide emerged, the results of
measuring optical density and microscopic
observations showed the growth and activity of
this sample.

Measurement of solution

Since bacteria are isolated from different sources,
they are likely to be of different species and have
different nutritional needs. Examining these
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conditions can be useful in improving the
function of bacteria and identifying their needs.
One of the conditions studied is the aerobic or
anaerobic mechanisms of bacteria. Some species
oxidize sulfur compounds in aerobic conditions,
in which oxygen is considered as an electron
donor, species grow Dbetter in
anaerobic conditions, in which other compounds
act as electron donors. Based on the results of the
experiments, it was observed that both samples
have the ability to grow in both cases, but their
growth is higher in aerobic conditions. Then a
test was designed to examine autotrophy and
heterotrophy. According to the results of the
sample test, the used bacteria are considered to
be among the mixotroph (optional) bacteria,
after examining the growth conditions of bacteria
in the culture medium containing thiosulfate and
increasing the population of bacteria, obtaining
the desired results. Because the goal was to
remove sulfide, to create a sulfide medium, the
amount of thiosulfate was reduced, and sodium
sulfide was added to the culture medium as a
The sulfide consumption by
bacteria was then evaluated, and only the
Thiobacillusthioparusbacteria and the bacteria
from the refinery's wastewater were able to
remove the sulfide in the aquatic medium. Due to
the need for process performance in alkaline pH
to prevent hydrogen sulfide and sulfide removal
from the aquatic environment, as well as the
benefits of performance in alkaline pH, attempts
were made to evaluate performance in this pH.
Bacteria from the wastewater of refineries at
higher pH did not show a functional difference.
This process continued until pH = 10, but in this
pH, the activity of bacteria decreased but did not
indicate that these bacteria did not work.
However, in the

and some

sulfur source.

thiobacillusthioparus, the
increase in pH severely impaired their function
so that in pH 9 and 10, it can be argued that these
bacteria are incapable of activity. Therefore,
according to the results, the bacteria from the

refinery's wastewater were used in subsequent
experiments.

In the study of the concentration of sulfide on the
performance of bacteria, they were exposed to
high levels of sulfide concentration. According to
the results obtained, bacteria from the refinery’s
wastewater removed high sulfide concentration
well and at the rate of 40 mg/h.L, and the
thiobacillusthioparus yielded acceptable rates.
Results in amounts were less than 1000 mg/L,
whereby the elimination rates were 30 mg/h.L.
In lower amounts of sulfide, such as (250-3000
mg), the bacteria isolated from the refinery's
wastewater outperformed and had a higher
removal rate. In smaller amounts, it could be a
good option for sulfide removal operations. At
the end of the experiment, sulfur production was
analyzed. At this stage, with the experiments and
with the help of Design Expert, sulfur production
was analyzed. The results showed that the rate of
sulfide loading, the amount of oxygen, and the
interaction of these two parameters were more
active in the movement of the reaction towards
sulfur production. In limited amounts of oxygen,
such as 0.3 mg/L, and high sulfide loading rate
such as 3700 mg/h, we obtained the optimal
amount of sulfur, which was 3035/5 mg/L.
Besides, according to the results obtained in this
paper and investigating the effectiveness of two
factors, aeration rate, and sulfide loading rate, it
is necessary to provide samples from various
other their
performance in sulfide removal. Among these
sources, we can mention the sewage of metal
industries and other hot springs with high sulfide
content. It can also be suggested that the bacteria
obtained from the T.R.W be subjected to genetic
engineering operations and that these bacteria
be more accurately evaluated. Other operating

sulfur sources and evaluate

conditions using these bacteria were evaluated to
achieve high yield and removal rates, such as
process temperature, the effect of agitation
intensity, by these bacteria.
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Given that bacteria grew well in organic matter,
and functional results were obtained from it,
other organic carbon sources can be evaluated to
achieve affordable carbon resources ultimately.
On the other hand, since in industries, the
exhaust gases from the units that use natural gas
as fuel contain a high concentration of carbon
dioxide, this type of carbon source can also be
used. Therefore, the performance of bacteria can
be evaluated by performing experiments in the
laboratory by combining carbon dioxide in CO-
and air capsules.
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