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Summary: Removal of hydrogen sulfide (H,S) has been attempted from various distillation
fractions with bacterium Pseudomonas putida. Biodesulfurization technique has been found to be
more cffective than conventional desulphurization methods. Tremendous amount of hydrogen
sulfide (H,S) has been removed in all the distillation fractions under study i,e. 64.94 %, 65.83 %
and 66.66 % has been reduced in case of light (bp 200 “C), medium (bp 300 °C), and heavy (bp
360 °C) distillate fractions, respectively. Because of the volatile nature, hydrogen sulfide (H,S)
was found to be concentrated mostly in light distillate (0.0170 %) next in medium (0.0120 %)
and then in heavy (0.0090 %) distillatc fractions.

Introduction

Anthropogenic activities plays a vital role
in the degradation of various environmental media
mainly through SO, and NO, emissions These
include mineral and ore processing and fossil fuel
combustion. Every one has the right to live in a
clear and clean environment. In order to keep the
environment clean, there should be a constant check
on emanation of such pollutants and toxins. There is
a general understanding that if these pollutants are
not controlled, the life survival will be impossible
due to the global environmental problems like acid
rain, green house effect and ozone depletion. In
addition, corrosion of the industrial plants,
poisoning of the catalyst etc need attention.
Governmental regulations are in vogue for the
permissible release of sulfur contents in petroleum
products [1-3]. The refineries have to produce
markeTable-petroleum with minimum or no
atmospheric pollution [4].

Sulfur contents may be kept as low as
possible to over come all those problems which are
mainly due to sulfurous emissions [5]. Some
conventional methods have been used for sulfur
depletion. Amongst these, chemical methods have
been tried in the past to remove the sulfur from
petroleum based oils. Sulfur has been catalytically
converted to hydrogen sulfide (H,S) in the presence
of hydrogen gas at a high pressure and at elevated
temperature [6]). Mercaptane and hydrogen sulfide

have been removed by treating with silver nitrate
solution up to a great extent {7].

Biodesulfurization is an emerging method
for the removal of sulfurous compounds from the
petroleum products. A number of various bacteria
have been used for biodesulfurization. Microbes
can oxidize soluble organo sulfur compounds [8].
Specific enzymes ¢.g. Dszc and Dgza has been
isolated from microbes and specially used for
bodesulfurization [9-15] which converts sulfur to
their sulfides and sulfuric acids [16] and other
products [17].

The present work describes microbial
sulfur depletion in some crude oil distillates. The
samples were inoculated with P. putida for the
removal of hydrogen sulfide, with the objectives to
make the samples lean in hydrogen sulfide and to
make the environment clean for the survival of
biota.

Results and Discussion
First Distillate Light Faction (bp 200 °C)

Hydrogen sulfide contents were observed
to be depleted in the light distillate of crude oil

when it was inoculated with p. putida bacteria.
Original sample was analyzed for the détermination
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of hydrogen sulfide and the value of hydrogen
sulfide was found to be 0.0170 %. The original
sample was then inoculated for time duration of 12
hr, the significant reduction in H,S content (0.0097
%) was noticed. For further extensive removal of
hydrogen sulfide, the inoculation time was chosen
beyond 12hrs, ranges from 24 hrs up to one month
(720 hr). Reductions made by p. putida were
observed and found to be 0.0090 %, 0.0086 %,
0.0075 % and 0.0063 %, respectively in case of 24
hr, 48 hr, one week and a one month contact times
(Fig. 1 and Table-1). This indicates that a marginal
depletion has been occurred due to the interaction
of the applied microorganism with the oil samples
under study in contact time beyond 12 hr.
The reason is that the strain gets immobilized after
12 hr. P. delafieldii R-8 was immobilized on
magnetic polyvinyl alcohol beads and a diesel oil
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Table-1: Percent Reduction in hydrogen sulphide as
a function of Inoculation time in case of Light
distillate.

Sample

H,S level (%)

Original sample 0.0170
12 hours inoculated sample 0.0097
24 hours inoculated sample 0.0090
48 hours inoculated sample 0.0086
One week inoculated sample 0.0075
One month inoculated sample 0.0063
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desulfurization reaction was performed. After desul-
furization, immobilized cells could be easily
separated magnetically from the BDS reactor [18].

Second Medium Fraction (bp 300°C).

Fig. 2 graphically represents the contents
of hydrogen sulfide in virgin and in variously
inoculated fraction, which was found to be 0.012 %
in case of virgin sample. Later on, the effect of
pseudomonas on sulfur depletion was investigated.
The data is presented in Table-2. The concentration
of hydrogen sulfides content was dropped to
0.0070, 0.0060, 0.0054, 0.0048 and 0.0041 % in
case of all inoculated times; 24 hr, 48 hr, one week
and one month, respectively. In the initial stage,
significant depletion was observed which continued
till the last inoculated time. It has been reported that
IGTS8 cannot utilize aromatic sulfurous compounds
as a sole sulfur source but X7B may carry a novel
system for the desulphurization of heterocyclic
sulfur-containing xenobiotics. More detailed analy-
ses of the purified enzymes and genes involved in
sulfur-carbon bond degradation by strain X7B
would provide a further explanation for the biode-
sulfurization of sulfurous compounds by a bacterial
strain [19].
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Table-2: Percent Reduction in hydrogen sulphide
concentration as a function of Inoculation time in

BIOLOGICAL REMOVAL OF HYDROGEN SULFIDE

Table-3: Percent Reduction in hydrogen sulphide
concentration as a function of Inoculation time in

case of Middle distillate. case of Heavy distillate
Sample H,S level (%) Sample H,S level (%)
Original sample 0.0120 Original mplc 0.0090
12 hours inoculated sample 0.0070 12 hours inoculated sample 0.0055
24 hours inoculated sample 0.0060 24 hours inoculated sample 0.0048
48 hours inoculated sample 0.0054 48 hours inoculated sample 0.0042
One week inoculated sample 0.0048 One week inoculated sample 0.0039
One month inoculated sample 0.0041 One month inoculated sample 0.0030

Third Heavy Fraction (bp 360 °C).

Heavy distillate was also treated in a
similar way like the other two fractions. First of all,
hydrogen sulfide (H,S) was quantified in virgin
sample and its concentration was noted to be 0.0090
%. Then, by adopting the same fashion of inocu-
lation, it was interacted with P. putida for contact
time selected from 12 hr to one month. The values
obtained were found to be 0.0055, 0.0048, 0.0042,
0.0039 and 0.0030 % in case of 12 hr, 24 hr, 48 hr,
one week and one month inoculation time,
respectively. The data has been presented in Fig. 3
and assembled in Table-3.
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Hydrogen sulfide (H,S) content has been
found to be decreased across the boiling point of the

fractions used, maximum content was observed in
light distillate, then in medium distillate and
minimum in heavy distillate, which may be due to
its volatile nature.

Experimental
Collection of Sample

Sample was collected from the Attok Oil
Refinery, Ltd. (ARL) Rawalpindi (Pakistan) in
crude form and was preliminary converted into
three distillates ie., light fraction (bp 200 °C),
medium fraction (bp 300 °C) and heavy fraction
(bp 300 °C).

Chemicals

All the chemicals used were of analytical
grade.

Sampling of Bacteria

Coal mine water was sampled from Much
coal mine (Baluchistan) and incubated for 24 hr at
30 °C not to damage the microorganisms. Many
slides were prepared for the confirmation of
p- putida, which were studied under microscope.
Physiological and structural studies showed the
existence of p. putida.

Bacterial Strains and Medium

P. putida was primarily isolated as a
bacterial strain capable of degrading sulfur carbon
bond in sulfurous compounds.

Estimation of Sulfur Compounds

P. putida was shaken at 28 °C at 200 rpm
on a rotary shaker. During the time course of
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bacterial growth, aliquots of the culture were
removed, cultivated with hydrogen sulfide as the
sole sulfur source in 50 ml conical flasks containing
hydrogen sulfides.

Cultured microorganisms were inoculated
with distillates sample in small conical flasks and
incubated for various periods selected from 12h to
one month time, each residual sample was analyzed
for hydrogen sulfide contents. Samples were tested
before and after bacterial treatment by adopting a
well-established L.P. standard method used for the
determination of hydrogen sulfide [20].

Hydrogen Sulfide Determination.

A suitable-quantity of the sample was
taken in a separating funnel containing 35 ml of the
cadmium sulfate solution and shaken vigorously for
5 minutes. The contents of the separating funnel
were filtered. The precipitate was washed and
transferred along with the filter paper to a 250 ml
titration flask containing 25 ml 0.IN iodine
solution. 10 ml of hydrochloric acid solution (18
%) was added and titrated the excess iodine with
0.IN sodium thiosulfate solution using starch as
indicator. The data obtained before and after
treatment with p. putida was recorded.

Conclusions

It is concluded from the study that
depletion of hydrogen sulphide is possible with the
strain of microorganism used in current study. It is
further noted that the appropriate time of contact is
12 hr. Extension of contact time beyond 12 hr is
helpful to minimize sulphur depletion further;
however, the decline is not so much significant as in
case of 12 hr contact. It has been further observed
that hydrogen sulphide mostly concentrates in light
fraction compared to heavy fraction.
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Summary: Removal of hydrogen sulfide (H,S) has been attempted from various distillation
fractions with bacterium Pseudomonas putida. Biodesulfurization technique has been found to be
more effective than conventional desulphurization methods. Tremendous amount of hydrogen
sulfide (H,S) has been removed in all the distillation fractions under study i,e. 64.94 %, 65.83 %
and 66.66 % has been reduced in case of light (bp 200 °C), medium (bp 300 °C), and heavy (bp
360 °C) distillate fractions, respectively. Because of the volatile nature, hydrogen sulfide (H,S)
was found to be concentrated mostly in light distiflate (0.0170 %) next in medium (0.0120 %)
and then in heavy (0.0090 %) distillate fractions.

Introduction

Anthropogenic activities plays a vital role
in the degradation of various environmental media
mainly through SO, and NO, emissions These
include mineral and ore processing and fossil fuel
combustion. Every one has the right to live in a
clear and clean environment. In order to keep the
environment clean, there should be a constant check
on emanation of such pollutants and toxins. There is
a general understanding that if these pollutants are
not controlled, the life survival will be impossible
due to the global environmental problems like acid
rain, green house effect and ozone depletion. In
addition, corrosion of the industrial plants,
poisoning of the catalyst etc need attention.
Governmental regulations are in vogue for the
permissible release of sulfur contents in petroleum
products [1-3]. The refineries have to produce
markeTable-petroleum with minimum or no
atmospheric pollution [4].

Sulfur contents may be kept as low as
possible to over come all those problems which are
mainly due to sulfurous emissions [5]. Some
conventional methods have been used for sulfur
depletion. Amongst these, chemical methods have
been tried in the past to remove the sulfur from
petroleum based oils. Sulfur has been catalytically
converted to hydrogen sulfide (H,S) in the presence
of hydrogen gas at a high pressure and at elevated
temperature [6]. Mercaptane and hydrogen sulfide
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have been removed by treating with silver nitrate
solution up to a great extent {7].

Biodesulfurization is an emerging method
for the removal of sulfurous compounds from the
petroleum products. A number of various bacteria
have been used for biodesulfurization. Microbes
can oxidize soluble organo sulfur compounds [8].
Specific enzymes e.g. Dgzc and Dsza has been
isolated from microbes and specially used for
bodesulfurization [9-15] which converts sulfur to
their sulfides and sulfuric acids [16] and other
products [17].

The present work describes microbial
sulfur depletion in some crude oil distillates. The
samples were inoculated with P. putida for the
removal of hydrogen sulfide, with the objectives to
make the samples lean in hydrogen sulfide and to
make the environment clean for the survival of
biota.

Results and Discussion
First Distillate Light Faction (bp 200 °C)

Hydrogen sulfide contents were observed
to be depleted in the light distillate of crude oil

when it was inoculated with p. putida bacteria.
Original sample was analyzed for the détermination
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of hydrogen sulfide and the value of hydrogen
sulfide was found to be 0.0170 %. The original
sample was then inoculated for time duration of 12
hr, the significant reduction in H,S content (0.0097
%) was noticed. For further extensive removal of
hydrogen sulfide, the inoculation time was chosen
beyond 12hrs, ranges from 24 hrs up to one month
(720 hr). Reductions made by p. putida were
observed and found to be 0.0090 %, 0.0086 %,
0.0075 % and 0.0063 %, respectively in case of 24
hr, 48 hr, one week and a one month contact times
(Fig. 1 and Table-1). This indicates that a marginal
depletion has been occurred due to the interaction
of the applied microorganism with the oil samples
under study in contact time beyond 12 hr.
The reason is that the strain gets immobilized after
12 hr. P. delafieldii R-8 was immobilized on
magnetic polyviny! alcohol beads and a diesel oil
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Table-1: Percent Reduction in hydrogen sulphide as
a function of Inoculation time in case of Light
distillate.

Sample H,S level (%)

Original sample 0.0170
12 hours inoculated sample 0.0097
24 hours inoculated sample 0.0090
48 hours inoculated sample 0.0086
One week inoculated sample 0.0075
One month inoculated sample 0.0063
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desulfurization reaction was performed. After desul-
furization, immobilized cells could be easily
separated magnetically from the BDS reactor [18].

Second Medium Fraction (bp 300 °C).

Fig. 2 graphically represents the contents
of hydrogen sulfide in virgin and in variously
inoculated fraction, which was found to be 0.012 %
in case of virgin sample. Later on, the effect of
pseudomonas on sulfur depletion was investigated.
The data is presented in Table-2. The concentration
of hydrogen sulfides content was dropped to
0.0070, 0.0060, 0.0054, 0.0048 and 0.0041 % in
case of all inoculated times; 24 hr, 48 hr, one week
and one month, respectively. In the initial stage,
significant depletion was observed which continued
till the last inoculated time. It has been reported that
IGTS8 cannot utilize aromatic sulfurous compounds
as a sole sulfur source but X7B may carry a novel
system for the desulphurization of heterocyclic
sulfur-containing xenobiotics. More detailed analy-
ses of the purified enzymes and genes involved in
sulfur-carbon bond degradation by strain X7B
would provide a further explanation for the biode-
sulfurization of sulfurous compounds by a bacterial
strain {19].
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Table-2: Percent Reduction in hydrogen sulphide
concentration as a function of Inoculation time in
case of Middle distillate.

Sample H,S level (%)
Original sample 0.0120
12 hours inocuiated sample 0.0070
24 hours inoculated sample 0.0060
48 hours inoculated sample 0.0054
One week inoculated sample 0.0048

One month inoculated sample 0.0041

Third Heavy Fraction (bp 360 °C).

Heavy distillate was also treated in a
similar way like the other two fractions. First of all,
hydrogen sulfide (H,S) was quantified in virgin
sample and its concentration was noted to be 0.0090
%. Then, by adopting the same fashion of inocu-
lation, it was interacted with P. putida for contact
time selected from 12 hr to one month. The values
obtained were found to be 0.0055, 0.0048, 0.0042,
0.0039 and 0.0030 % in case of 12 hr, 24 hr, 48 hr,
one week and one month inoculation time,
respectively. The data has been presented in Fig. 3
and assembled in Table-3.

H2S in heavy distillate
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Hydrogen sulfide (H,S) content has been
found to be decreased across the boiling point of the
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Table-3: Percent Reduction in hydrogen sulphide
concentration as a function of Inoculation time in

case of Heavy distillate
Sample H,S level (%)
Original sample 0.0090
12 hours inoculated sample 0.0055
24 hours inoculated sample 0.0048
48 hours inoculated sample 0.0042
One week inoculated sample 0.0039

One month inoculated sample 0.0030

fractions used, maximum content was observed in
light distillate, then in medium distillate and
minimum in heavy distillate, which may be due to
its volatile nature.

Experimental
Collection of Sample

Sample was collected from the Attok Oil
Refinery, Ltd. (ARL) Rawalpindi (Pakistan) in
crude form and was preliminary converted into
three distillates i.e., light fraction (bp 200 °C),
medium fraction (bp 300 °C) and heavy fraction
(bp 300 °C).

Chemicals

All the chemicals used were of analytical
grade.

Sampling of Bacteria

Coal mine water was sampled from Much
coal mine (Baluchistan) and incubated for 24 hr at
30 °C not to damage the microorganisms. Many
slides were prepared for the confirmation of
p- putida, which were studied under microscope.
Physiological and structural studies showed the
existence of p. putida.

Bacterial Strains and Medium

P. putida was primarily isolated as a
bacterial strain capable of degrading sulfur carbon
bond in sulfurous compounds.

Estimation of Sulfur Compounds

P. putida was shaken at 28 °C at 200 rpm
on a rotary shaker. During the time course of
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bacterial growth, aliquots of the culture were
removed, cultivated with hydrogen suifide as the
sole sulfur source in 50 ml conical flasks containing
hydrogen sulfides.

Cultured microorganisms were inoculated
with distillates sample in small conical flasks and
incubated for various periods selected from 12h to
one month time, each residual sample was analyzed
for hydrogen sulfide contents. Samples were tested
before and after bacterial treatment by adopting a
well-established I.P. standard method used for the
determination of hydrogen sulfide [20].

Hydrogen Sulfide Determination.

A suitable-quantity of the sample was
taken in a separating funnel containing 35 ml of the
cadmium sulfate solution and shaken vigorously for
5 minutes. The contents of the separating funnel
were filtered. The precipitate was washed and
transferred along with the filter paper to a 250 ml
titration flask containing 25 ml 0.IN iodine
solution. 10 ml of hydrochloric acid solution (18
%) was added and titrated the excess iodine with
0.IN sodium thiosulfate solution using starch as
indicator. The data obtained before and after
treatment with p. putida was recorded.

Conclusions

It is concluded from the study that
depletion of hydrogen sulphide is possible with the
strain of microorganism used in current study. It is
further noted that the appropriate time of contact is
12 hr. Extension of contact time beyond 12 hr is
helpful to minimize sulphur depletion further;
however, the decline is not so much significant as in
case of 12 hr contact. It has been further observed
that hydrogen sulphide mostly concentrates in light
fraction compared to heavy fraction.
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