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EFFECT OF TEMPERATURE ON BIODESULFURIZATION OF
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ABSTRACT

The present study was undertaken to assess the optimal temperature for
Dibenzothiophene (DBT) desulfurization of No.4 fuel oil. Microorganisms used in this
study were obtained from fuel oil contaminated areas in Ratchaburi province. The
screening test was incubated at room temperature for 35 days in mineral salt sulfur-
free medium (MSSF) with 100 mg/ml DBT as the sole source. Microorganisms were
isolated based on the highest ability to grow in MSSF and the dominant species were
identified as Cryptococcus laurentii and Corynebacterium urealyticum. The
temperature of 25°, 30°, 35° and 40°C were used for studying the influence of
temperature on their growth which was conducted in a batch culture containing 0.2%
fuel oil in 100 ml MSSF. The result showed that 25°C and 35°C gave the highest
growth rate for each pure and mixed culture. Thus, the temperatures of 25°C and 35°C
were selected for studying the effect of temperature on DBT desulfurization. After 30
days of incubation, the result showed that the percentage of DBT removal by
Cryptococcus laurentii at 25°C and 35°C was the same (46.97%). The DBT removal
by Corynebacterium urealyticum at 25°C and 35°C was 50.00% and 43.94%,
respectively. The result obtained from the mixed cultures showed no significant
difference from those of pure culture. At 25°C and 35°C, they could desulfurize DBT
at the level of 53.03% and 50.00%, respectively. However, after seven days of
incubation, mixed cultures gave high biodesulfurization rates at 25°C and 35°C
(0.0093 and 0.0136 mg/l/day, respectively). Similarly biodesulfurization rates by
Cryptococcus laurentii and Corynebacterium urealyticum at 25°C and 35°C were
0.0064 : 0.0107 and 0.0064 : 0.0079 mg/l/day, respectively. In addition, DBT can be
removed under abiotic process. The percentages of abiotic process at 25°C and 35°C
were similar (10.61% and 13.64%, respectively) and showed to be significantly
different from the efficiency of both pure and mixed cultures.

In conclusion, temperature has a significant effect on the growth of pure
and mixed cultures. Although it did not have a significant effect on DBT removal (p>
0.05, two way ANOVA), the percentage of DBT removal by pure and mixed cultures
was in the range of 43 —53% .

KEY WORDS : BIODESULFURIZATION / FUEL OIL / DIBENZOTHIOPHENE /
MICROBE/ TEMPERATURE

96 P. ISBN 974-04-3644-7
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CHAPTER I
INTRODUCTION

1.1 Background Justification

The use of fossil fuels for power generation and industry is expected to increase
in the next decade whereas the demand for low — sulfur fossil fuels has been
intensified. In 1994, Electricity Generating Authority of Thailand (EGAT) consumed
4,711 million litres of fuel oil and increased to 5,432 million litres in 1996 (1). It is
apparent to many countries regulating the standard of sulfur dioxides emission.
Canada will reduce sulfur in gasoline to an average of 150 ppm in 2002 - 2004 and
to less than 30 ppm in 2005 (2). About 40% of crude oil produced in the USA contains
less than 0.25% sulfur (3). In Europe, crude oil is also restricted to 3% sulfur and in
the next decades 30% of oil should be desulfurized (4, 5).

The concentration of sulfur in fuel oil is between 0.05 and 5.0 %. The burning of
fuel oil containing sulfur releases sulfur dioxides into the atmosphere which contribute
to acid rain.(6). The reports in Germany and America found that more than 60% of
sulfur dioxides emission were come from fossil plant (7) which corresponding to the
source of sulfur dioxides emission in Thailand. According to its adversely effects,
removing it from fuel oil is necessary

Hydrodesulfurization (HDS) is the method used to remove sulfur from fuel oil. It
is catalytic process converting organic sulfur in fuel oil to hydrogen sulfides by
reacting with hydrogen at high temperature and pressure. The disadvantages of this
method are very expensive and not effective to remove organosulfur compounds such
as dibenzothiophene (DBT), benzothiophenes (BT). To make the best use of fuel oil in
term of both efficiency of its energy and environmental quality, it is useful to develop
new technology for fuel oil desulfurizing prior to combustion. Biodesulfurization
(BDS) has been proposed as an alternative method that use microorganisms as
biocatalyst to remove organic sulfur from fuels. This method is less expensive and not
destroy environmental quality (8). Thus, it is useful to develop an innovative method

to remove organic sulfur from fuel oil in response to the announcement of Ministry of
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Commerce that the sulfur content of fuel oil in community and industry plant areas

(Bangkok and Samutrprakarn) should not exceed to 3.00% (9).

1.2 Objectives

1. To study type of microorganisms that are found to involve in the
desulfurization of fuel oil

2. To study the effect of temperature on the ability of microorganisms to
desulfurize fuel oil

3. To compare the efficiency of pure and mixed cultures to desulfurize fuel

oil

1.3 Hypothesis

1. Different type of microorganisms have different abilities to desulfurize fuel
oil

2. The temperature has an effect on the biodesulfurization process

3. Mixed cultures have more efficiency to remove sulfur from fuel oil than

pure culture do.

1.4. Scope

1. The research design is an experimental research which performed as a
batch culture in the laboratory scale.

2. The soil and water contaminated with fuel oil were obtained from
Ratchaburi province.

3. Microorganisms used in this study depend on type of isolated
microorganisms.

4. DBT is an organosulfur compound that used in this study.
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5. Fuel oil used in this study is No.4 fuel oil obtaining from Bangchak

Petroleum Company Public Limited.

1.5 Definition

Gas Chromatography Mass Spectrometry (GC-MS) is a technique that used for
determining, analyzing and identifying the number of components in a complex
mixtures and identity of a compound

Fuel oil is the liquid extracted from potroleum distillation with a carbon
number ranging from C;5 — C;7 and boiling point between 250 and 350°C

Dibenzothiophene (DBT) is an organic sulfur compounds found in fossil fuels.

Biodesulfurization is the process using microorganisms such as bacteria, fungi,

yeast to remove organic sulfur from fuels.
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1.6 Conceptual Framework

The use of high sulfur fuel oil

l

Sulfur dioxides emission into the atmosphere

v
Cause air pollution and acid rain

A 4
Methods to remove sulfur from fuel oil

{ ; }
Removal sulfur before combustion Removal sulfur after combustion
Hydrodesulfurization Biodesulfurization

.

- low cost and effective to remove recalcitrant organosulfur compounds
- not destroyed the environment
- by — product can be recycled or reused in the process

Figure 1-1. Diagram of conceptual framework



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 5

CHAPTERII
LITERATURE REVIEW

2.1 Fuel oil
2.1.1 Definition of Fuel Oil

Fuel oil is a residual petroleum distillation. The petroleum fractions which
obtained from distillation process are given in Table 2-1. A fuel oil is burned to
produce energy which often used in industry or in electric power plant boilers. It can
be classified on the basis of viscosity. The burner fuel oil, furnace oil, stove oil, or
bunker oil are also called fuel oil. The boiling point is in the range of 250 °C — 350 °C
and the number of carbon atom is between C;s5 — C;7 atoms. Generally, the fuel oil has

high density and viscosity (10,11,12, 13)

Table 2-1. Type of refining petroleums (11)

Boiling point Numbers of

Types °C) Status e AR 1 Utilization
Natural gas <40 Gas Ci_Cy Heating
Petroleum ether 30-100 Liquid Cs_C4 Solvent
Gasoline 40-180 | Liquid Cs Cuo Heating in internal

combustion
Kerosene 180 - 250 Liquid Ci1-Cop2 Heating in jet fuel

Heating in diesel
engine; used for vessel
Diesel oil 250 — 350 Liquid Ci3_Cys and car are sola; used
for industrial engine
are keelo oil

Fuel oil 250350 | Liquid Cis_Cr E;lgligé S;:Vyer plant

Lubricating oil 305 -405 Liquid Ci5-Cyo Lubricant
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2.1.2 Type of Fuel Oils

1. Fuel oil used in Thailand are graded on the basis of viscosity. Generally,
the high quality of fuel oil has low viscosity. Fuel oil can be divided into three types
(12)

Light fuel oil is the 600 Redwood 1 viscosity at 100 F (37.8°C). It is called
stanfuel or LFO (Light Fuel Oil). It is equivalent to No.5 fuel oil according to
ASTMD — 396 standard; low viscosity, used in heating boiler.

2. Medium fuel oil is the 1,500 Redwood I viscosity at 100 F (37.8°C). It is
called bunker C or MFO (Medium Fuel Oil). It is equivalent to No.6 fuel oil according
to ASTMD — 396 standard; moderate viscosity, used in preheating incinerator.

3. Heavy fuel oil is the 2,500 Redwood I viscosity at 100 F (37.8°C). It is
called bunker C or HFO (Heavy Fuel Oil). It is equivalent to No.6 fuel oil according to
ASTMD - 396 standard; high viscosity, used in large incinerator.

2.1.3 Properties of Fuel Oils

Properties of fuel oil declaring from Ministry of Commerce standard are shown

in Table 2-2.
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Table 2-2. Properties of fuel oil declaring from Ministry of Commerce Standard (13)

LFO MFO HFO
Grade/ properties
Grade Grade Grade Grade Grade Grade

1 2 3 4 5 6

1. specific gravity at 15.6°C 0.985 0.985 0.990 0.990 0.995 0.995
. . o Maximum | Maximum | Maximum | Maximum

2.viscosity at 50°C 7.80 7.80 145 130 130 280
3. flash point °C (minimum) 600 600 1200 1500 2000 2500
4.pour point °C (maximum) 60 60 60 60 60 60
5.sulfur content
(% by weight ) 24 24 24 24 30 30
6.heating value (kcal/kg) 3.0 3.2 3.5 3.5 3.5 3.5
7.ash content (% by S 0.1 0.1 0.1 0.2 0.2 0.2
maximum
8.water and sediment
e @ 1.0 1.0 1.2 1.5 1.5 1.5
9.color ASTM (maximum) 8.0 8.0 - - - -

1.Specific gravity and API gravity

API gravity is the measure of the lightness or heaviness of petroleum that is

related to density and specific gravity. The fuel, which has low API gravity, has high

specific gravity and more heavy. The heat content of fuel by weight decrease. On the

contrary, the heat content of fuel by volume increase (14,15).

2.Flash point

Flash point is the lowest temperature to which the product must be heated

under specified condition to give off sufficient vapour to form a mixture with air that

can be ignited momentarily by a flame. In general, fuel oil has high flash point and

maintain in ventillation areas; therefore, it is no harmful.(14,15)

3.Viscosity

It is a very important oil property because the majority of petroleum products

are fluid. The units of viscosity are as follows:
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USA SSU@ 100°F (37.8°C) for light grade

SSF@ 122°F (50°C) for heavy grade

England RW, @ 100°F

Europe E°and/or cSt @ 20°C (68°F), @ 50°C (122°F)
SSU or SUS = Saybolt Second Universal

SSF = Saybolt Second Furol

RW; = Redwood |

E*® = Engler Degree

cSt = Centistokes

Viscosity i1s a measure of resistance to flow or the inverse measure of the
ability of a substance to flow. The grater the viscosity, the less readily it flows. It
depends upon temperature i.e., increasing of temperature will result in decreasing of

their viscosity (14,15).

4.Pour point

Pour point is the lowest temperature at which the oil will not flow in a definite
manner. The oil should have a pour point at 10 °F to 15 °F below the operating
temperature. The pour point of fuel oil is between 35 °F and 55 °F. Heavy grade has
pour point higher than light grade. Pour point of fuel oil depends upon the source of
crude oil and the process of distillation (14,15).

5.Sediment and water content

Sediment is the non - soluble matter or insoluble solids such as salt, sand and
material fiber. Water and sediment can contaminate the fuel. Water accidentally

occurs during the transport or the humidity in the air. Fuel oil generally specifies the
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percentage of bottom sediment and water in which the heaviest grade is no more than

0.2% by volume (14,15).

6.Sulfur content

Sulfur is the most important of non - hydrocarbon constituents of petroleum
and presented in a variety of structures. During the refining sequences, a great number
of the sulfur compounds that occur in any particular petroleum are concentrated in the
residua and other heavy fractions. The proportion of sulfur will increase with the
boiling point of the crude oil fraction. If the distillation is allowed to proceed at too
high temperature, thermal decomposition of the high — molecular — weight sulfur
compounds will ensue. Hence, the higher — boiling fractions will contain more sulfur
compounds than the middle fractions. The distillation of the various types of sulfur
compounds varies markedly among crude oils of diverse origin (16).

Sulfur is the only heteroatom to be found in the napha fraction and then only at
trace levels in the forms of mercaptans (thiols, R — SH), thiophenol (C¢HsSH), sulfides
(R — S — R), alkyt sulfides, and five - or six - ring cyclic thiacyclane structures, and to
a lesser extent, disulfides (R — S S — R). The sulfur — heterocyclic compounds in the
middle — distil range are primarily the thiacyclane derivatives, benzothiophene
derivatives, dibenzothiophene derivatives with lesser amounts dialkyl-, diaryl — and
aryl — alkyl sulfides. They are significant contributors to the vacuum gas oil fraction
(16)

The major sulfur species are: alkyl benzothiophene derivatives,
dibenzothiophene derivatives, benzonapthothiophene derivatives, and
phenanthrothiophene derivatives. The examples of organosulfur compounds present

in fossil fuels are shown in Figure 2-1 (17).
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Figure 2-1. The examples of organosulfur compounds present in fossil fuels (17)

7.Ash content

Ash, non — burnable material in the fuel, is presented in two forms: abrasive

solids and soluble metallic soaps. The amount of ash in fuel oil is less than 0.2% by

weight (14,15).

8.Heating value or calorific value

The unit of heating value is Btu / Ib or Kcal / kg in which 1 Kcal / kg = 1.8
Btu/lb. Heating value is measured by the laboratory apparatus. It is defined as the
quantity of heat which raise the temperature of one gram of water from 3.5 to 4.5°C.

The British thermal Unit (BTU) is the heat required to raise 1 pound of water by 1 F,



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 11

and is equivalent to 252 calories. The average heating value for crude oil is 18,300 —

19,500 BTU (4,612 — 4,914 kcal) per pound (14,15).

2.2 Characteristics and the Effect of Sulfur Dioxide
2.2.1 The Properties and Reactions of Sulfur Dioxide

Combustion of sulfur compounds in fossil fuels releases sulfur dioxide in to
the atmosphere. Oxides of sulfur occur when sulfur content combines with oxygen
molecule during the combustion process and the amount of sulfur dioxides are
proportional to the amount of fuel and sulfur contents. This gas is colourless. foul —
smelling, irritating odour, and has boiling point -10°C. Sulfur dioxide (228 g or 80 ml)
can be entirely dissolved in 1 ml of water at 0°C. The reactions are illustrated as
follows: (18)

SO, + H,O — HSO;

HSO; (H,0,+S0;)  —  HSO; +H®  k=1.72%10"

HSO5’ — SO +H' k=624%10"°
Sulfur dioxide readily dissolve in water to form sulfite (SOs) and bisulfite
(HSOs3) 1ons. Un — ionized SO, in solution may be considered either as sulfurous acid
(H2SO3) or a dissolved form of SO, gas (SO,* H,0). The half — life of SO, emitted
into the atmosphere is about 3 days. In addition, SO, can react with other molecules
and produce sulfate compounds. The coal combustion produces mostly 60% of
ammonium sulfate [(NHs), SO4] and the remaining products i.e., calcium sulfate,

sodium sulfate will fallout and deposit onto the land (18).

2.2.2 The Distribution and Acid Rain

The concentration of sulfur in fuel oil is between 0.05 and 5.00 % (by weight).
In the United States, the sources of SO, emission are shown in Table 2-3 (6), while In
Thailand the provinces emitting the large number of SO, gas in 1994 are shown in

Table 2-4 (19)
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Table 2-3. The sources of SO, emission in the United States of America (6)

Emission sources

Annual Emission of Sulfur Dioxide (millions of tons)

1967 1970 1980 1990 2000
Power plant operation (coal and oil) 15.0 20.0 41.1 62.0 94.5
Other combustions of coal 5.1 4.8 4.0 3.1 1.6
Comcus:tlon of petroleum products o 34 3.9 43 51
(excluding power plant oil)
Smelting of metallic ores 3.8 4.0 53 7.1 9.6
Petroleum refinery operation Db 2.4 4.0 6.5 10.5
Miscellaneous sources 2.0 2.0 2.6 34 4.5
Total 30.8 36.6 60.9 86.4 125.8
Table 2-4. The provinces emitting the large number of SO, gas in 1994 in
Thailand (19)
Total Emission
Location SPM_ 1 S0« (ppm) | NOx (ppm) | HC (ppm) |CO (ppm)
(mg/m°) i PP x (PP pp pp
Chiang Mai 74 915 562 60 810
Chonburi 5,934 110,806 13,946 275 2,357
Kanchanaburi 58 718 428 37 334
Khon Khaen 144 1,670 1,174 94 604
Lampang 30 204 369 39 424
Nakhon Ratchasima 92 813 965 90 728
Phuket 37 423 306 30 316
Ratchaburi 104 1,697 435 30 308
Rayong 117 1,654 5,371 55 436
Saraburi 973 17,841 2,552 71 482
Songkhla 96 1,208 717 66 673
Study Area 7,659 137,949 26,824 847 7,470
BMR* 13,500 244,138 37,829 1,510 17,049

BMR* = Bangkok Metropolitan Regions
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It is clear that the amount of SO, emission are very high. The report about the
situation of SO, in the Mae Moh district in 1999 showed that the amount of SO, and
particulate matter are higher than the regulation standard. The limiting standard of SO,

emission from power plants in Thailand are shown in Table 2-5 (19)

Table 2-5. The limiting standard of the quantity of SO, emission from power plant

in Thailand (19)
Emission Standard Value
Existing Power Plants SO, Noy as NO, Particulate
(ppm. ) (ppm.) (mg/m *)
1. Bangpakong (Thermal Plant) unit 1-4 800 | 320 | 250 | 200 | 320 | 120
2. Bangpakong Combine Cycle Plants
unit 1 and 2 60 450 60
unit 3 and 4 i 230
3. Pranakorntai (Thermal Plants) 800 I 320 180 240 120
4. Pranakorntai (Combine Cycle Plants)
unit 1 60 250 60
unit 2 175
5. Pranakornnua Power Plant 500 180 150
6. Surattani Power Plant 1,000 200 320
7. Langrabua Power Plant 60 250 60
8. Nongjok Power Plant 60 230 60
9. Sainoi Power Plant 60 230 60
10. Wangnoi Power Plant 60 175 60
11. Nampong Power Plant 60 250 60

SO, emitted into the atmosphere is converted into sulfuric acid after react with
oxygen and humidity before falling onto the land. The amount of sulfur falling onto
the land is categorized into two types;

1. Wet deposition

2. Dry deposition

Wet deposition is the process in which sulfuric acid combine with water vapour in
the air and falling with the rain. It is called acid rain.

Dry deposition is the acid falling without water, for example, the falling of SO,
with acid suspending in the air which dispersed by wind and deposited on the soil
surface, plant and other constructions. It effects upon other livings including human

(20,21).
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2.2.3 Effect of Acid Rain

Acid rain falling on the land, water can cause acidification of environment. The
adverse effects of acid rain are toxicity to humans, damage to plants and building.
The acid rain process is shown in Figure 2-2 (21) and the details are described

below;

EVOLVING Mixing 4. ESCAPE FROM THE MIXING LAYER
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ADVECTION - ‘?f’ """" > MM\
— ™Mo e — ,}
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Figure 2-2. The acid rain process (21)
1. Effect on materials

Sulfur compound corrodes the material and construction. The decrease of SO,
concentration from 0.15 ppm to 0.05 ppm can reduce about four times of the rate of
zinc corrosion. However, the humidity higher than 70% can increase the rate of
corrosion. The small amount of sulfuric acid can weather limestone, cement and result
in calcium sulfate accelerating the surface erosion. It also reduces the strength of the

nilon. (21).

2. Effect on plants
2.1 Acid rain damages directly to photosynthesis

Inhibition of photosynthesis is one of the effects of SO, upon plants and
disturbances. For examples, the degree of swelling of the lumen spaces which
proportional to the SO, dosage is indicative of the ionic disturbances and the
acidification (21). Plants are more sensitive to SO, pollution than humans. A little

concentration of 0.03 ppm can damage to eastern white pine. The high concentrations
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cause the death of the cell at margins of the leaves within a short time period (less than
24 hours). At high humidity or in wet conditions, the access of SO, tend to be
increased . SO, causes guard cells to become even more turbid and therefore the pores
open wider allowing more polluted air to enter through the leaf than would normally
be the case (18).

2.2 Absorption rate and the growth of cell decreases and has an opportunity to
be disease.

2.3 Decrease the succession of plants and cause die back

2.4 Acid rains damage the economic plant such as soy bean, wheat, rice etc.

1)

3. Effect on soils

Acid deposition has the effluence on the soil properties and soil condition i.e.,
increase acidic soil and keep some mineral nutrients such as Ca, Mg, K away from the
root areas. It decreases soil fertility, make some heavy metals more dissloved and
cause heavy metal contaminated — soil; in doing so, plant in vicinity can absorb more
heavy metal and cause adversely effect to consumer. Acid deposition also effects on
the amount and the activity of microorganisms. It can change nutrient cycle such as

nitrogen cycle, carbon cycle and decrease the amount of microorganisms in soil (21).

4. Effect on water

When acid rain falling into the water, it cause acidic condition in water and
effects on aquatic animals especially fish. Some fish are sensitive to low pH, others
inhibit fertilization to pH less than 5.5. In addtion, the amount of planktons will
decrease when pH is low and continually effect to aquatic food chain because plankton

is the importance food of aquatic animals (21).

5. Effect on climate

SO, increase the atmospheric turbidity because SO, is converted into sulfate in
the form of small particle dispensed into the air for a long time. It does not allow

ultraviolet radiation pass through the earth and eventually cause climate change (21).
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6. Effect on human health

SO, cause strong irritation to the eyes, respiratory system and also within the
nasal passageways. Sulfate in particulate forms can also cause similar irritation and the
intensity is dependent upon concentration of the particulate and their sizes. The
particle sizes smaller than 1 um are the most irritating. The larger particles as well as

high concentrations of gas SO, may also induce coughing reflex (21,22).

2.3 The Desulfurization of Fuel Oil

The desulfurization methods are grouped into two categories ;

1. Desulfurization before combustion such as hydrodesulfurization (HDS),
biodesulfurization (BDS)

2. Desulfurization after combustion such as flue gas desulfurization (FGD)

Desulfurization before combustion that widely used is HDS. It is a catalytic
process converting various sulfur compounds to hydrogen sulfide by reacting with
hydrogen at temperature between 290 and 455 °C and pressure between 150 and 3,000
pounds per inch” (psi). For instance, desulfurization of napha conducts at temperature
ranging from 170 to 330°C and pressure ranging from 100 to 500 psi (16). This
method was high efficiency to remove inorganic sulfur but low efficiency to remove
organic sulfur. HDS activity depends on the molecular size and structure of sulfur
containing compound. Most of the organic sulfur compounds in the lower boiling
fractions of petroleum i.e., the gasoline range, arecomposed of thiols, sulfides and
thiophenic which can be removed by HDS. However, middle — distillate fractions i.e.,
the diesel and fuel oil range contain significant amounts of benzothiophene and DBT
which are considerably more difficult to be removed by HDS. In position 4-6 on DBT
ring are the most resistence. Increasing the severity of HDS also cause undesirable
effects on fuel quality. Desulfurization of residues is considerably more difficult than
lighter oil desulfurization because contaminants are presented and very large complex
molecules are involved. The thiophenic sulfur in this case is more difficult to be
removed because the aliphatic groups interfere with the adsorption of the sulfur

compound on the reactive site of the catalyst (23,24,25).
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Desulfurization after combustion called FGD is the process of removing sulfur
oxides, primarily SO,, from combustion gases. In wet process of FGD systems, flue
gases are contacted with an absorbent in a vessel called either an absorber or a
scrubber. The SO, reacts with the absorbent or dissolves into the solution to produce a

slurry or liquid that contains dissolved or solidified sulfur compounds. (26)

2.3.1 Microbial Desulfurization

Biodesulfurization method is the method using microorganisms and their
enzymes as biocatalysts to remove recalcitrant organic sulfur compounds from fuels. It
is the natural process that occur gradually. The rate of biodesulfurization depends on
several factors i.e., temperature, pH, nutrients, types of microorganisms, O, and sulfur
level in fuels (9). Although BDS is not yet commercial technology, conceptual and
practical engineering analyzes have shown that the approach is very promising (17).

The advantages and disadvantages of biodesulfurization.

Advantages

1. It is a natural process that occur gradually without using H2 gas and less
expensive method.

2. It can remove some organosulfurs such as dibenzothiophene (DBT),
benzothiophene (BT) which is refractory to the HDS process.

3. By — product is not harmful to the environment and may get back to the
petroleum fraction; for examples, hydroxy biphenyl (HBP) is the by — product of
biodesulfurization which potentially use as an industrial biocide (7,8).

Disadvantages

1. Microorganisms is specific to some organosulfur and can not desulfurize all
organosulfurs in fuels. Therefore, it is necessary to select an appropriate
microorganisms for desulfurizing fuel oil.

2. Removing of high sulfur compounds can not be achieved (7,8).
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2.3.2 DBT Desulfurization

DBT is the refractory organosulfur compounds, so it has been used as a model
of organosulfur compounds in microbial desulfurization of fuels. The pathway of DBT
desulfurization named dsz desulfurization pathway (sox oxidation pathway, 4S

pathway) is divided into 4 steps as depicted in Figure 2-3 (17)

DET-MO (ds2C )
6' DszD
NAOH, FMNH2, O
DBTC .@
0
DET-MO {dszC)
¢ o
NADH, FMNHz, Oz
DBTC: @
o ol 0]
é’ DBT02-MO (ds24)
DD
HO NADH, FMNHg, O3
HPBS
ot
1"
o]
6 HPBS desulfinaso (dsz5 )

Figure 2-3. The 4S pathway of DBT biodesulfurization (17)

The first step, the transformation of DBT to DBT sulfoxide (DBTO) by using
dibenzothiophene monooxygenase (dszC), NADH, FMNH2, O2 and flavin reductase
(dszD)

The second step, the transformation of DBTO to DBT sulfone (DBTO2) by
using dibenzothiophene monooxygenase (dszC), NADH, FMNH2, O2 and flavin
reductase (dszD)

The third step, the transformation of DBTO2 to Hydroxyphenyl
benzenesulfonate (HPBS) by using dibenzothiophene 5,5 — dioxide monooxygenase

(dszA), NADH, FMNH,, O, and flavin reductase (dszD)
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The fourth step, the transformation of HPBS to Hydroxybiphenyl (HBP) by
using HPBS desulfinase from aromatic sulfinic acid hydrolase (dszB)

The mechanisms of DBT movement into the cell begin when fuel oil
distributed into the water. Some DBT dissolved in fuel disperse, others transfer from
the oil phase into the cell and presumably found in the cytoplasm or cell membrane;
for examples, the presence of DBT in cytoplasm of Rhodococcus sp. When DBT
transfers into the cell, the dsz enzyme and co — factor will transform DBT into an
appropriate form for cell growth. A diagram of some of the steps in transferring DBT

into microbial cells is illustrated in Figure 2-4 (5).

Calluar metabolism of eletiron donors

Figure 2-4. A diagram of some of the steps in transfering DBT into microbial cells (5)
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2.3.3 Microbial Involvement in Biodesulfurization of Fuel Qil

Microbes play an important role in the sulfur cycle as catalysts of these
reactions. Microbes are capable of a wide variety of sulfur transformations, including
oxidations, reductions, incorporations into organic material, mineralizations, and
production of volatile products (22). There are many species of microorganisms that
involve in biodesulfurization process. The list of desulfurizing bacteria, fungi, and

yeast isolated from soil and water are shown in Table 2-6.

Table 2-6. The list of desulfurizing bacteria, fungi, and yeast isolated from soil and

water
Bacteria Fungi Yeast Reference

Rhodococcus erythropolis D-1 Caldariomyces fumago Rhodosporidium toruloides No. 37,36,5
Rhodococcus erythropolis 1-19 Phanerochaete crypsosporium No. 28,5
Rhodococcus erythropolis KA2-5-1 Cunninghamella elegans No. 46,5
Rhodococcus erythropolis B-1 No. 17
Rhodococcus erythropolis IGTS8 No. 30
Rhodococcus rhodochrorous IGTS8 No. 30
Vibrio harveyi No. 41
Rhodococcus sp.ECRD-1 No. 40
Rhodococcus sp.SY 1 No. 17
Rhodococcus sp.UM3 No. 17
Rhodococcus sp.UM9 No. 17
Corynebacterium sp. SY 1 No. 50
Desulfovibrio desulfuricans No. 29
Desulfovibrio St.Lac 6 No. 29
Desulfuromonas acetoxidans No. 29
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Table 2-6. The list of desulfurizing bacteria, fungi, and yeast isolated from soil and

water (continued)

Bacteria Fungi Yeast Reference
Anthrobactor sp. St.D-1 No. 40
Thiomicrospira St. CVO No. 29
Arcobactor St. FWKOB No. 29
Corynebacterium sp. P32C1 No. 63
Mycobacterium G3 No. 17
Gordona CYKS1 No. 27
Rhizobium meliloti Orange 1 No. 49
Xanthomonas sp. No. 17
Nocardia globelula No. 17
Sphingomonas St.P1 No. 17
Escherichia coli No. 41
Paenibacillus sp. A11-2 No. 42
Thiobacillus caldus St. KU No. 31

Thiobacillus acidophilus No. 31
Thiobacillus ferrooxidans No. 31
Thiobacillus tepidarius No. 31
Pedomicrobium sp. No. 32
Flavobacterium meningosepticum No. 35
Pseudomonas fluorescens. No. 35
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2.3.4 Factors Effecting Biodesulfurization of Fuel Qil

The biodesulfurization rate depends on the physical nature and chemical
composition of the oil, rate of hydrocarbon metabolic by microbes and composition of
the microbial community (33). The factors that affect biodesulfurization are discussed

below;

1. Oxygen

The availability of molecular oxygen is served as the major factor limiting the
rate of biodesulfurization. The absence of oxygen would prevent the non specific
oxidation of hydrocarbons to colored, acidic and / or gum forming products, no
significant reduction of sulfur content in DBT, vacuum gas oil, deasphalted oil or
bitumen are observed (34,35). To overcome oxygen limitation, the addition of
hydrogen peroxide in appropriate amount is useful because the decomposition of
hydrogen peroxide gives oxygen as a product which can support aerobic microbial
metabolism. Ayala et al (36) studied the desulfurization in diesel oil by using
chloroperoxidase and cytochrome ¢ as catalysts and hydrogen peroxide as oxygen
supplementation . They found that efficiency of biodesulfurization needs an available
amount of oxygen supply. Besides hydrogen peroxide, rotary shaker or aerator pump
can be used to generate oxygen in desulfurizing process. Izumi et al (37) studied
effect of cell density on DBT degradation by resting cells of Rhodococcus erythropolis
D-1. They found that DBT degradation was observed to be significantly retarded if the
reaction mixture has higher cell density. This indicate that oxygen is a limiting factor

for DBT degradation.

2. Temperature

Temperature is one of the important factors affecting the cell growth.
Temperature increased at 10°C resulted in the enzyme activity in double (38).
Different type of microorganisms have different temperatures for cell growth; for
examples, psychrophiles are growth at temperature below 20°C, while thermophiles
are growth at temperature above 40°C (33,39). It not only affects the microbial growth

but also the influences on the rate of biodesulfurization by effecting on physio —



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 23

chemical properties of fuel oil , the activity of enzyme, and metabolism of microbes.
Biodesulfurization can occur well at temperature between 25 and 37°C depending on
type of microorganisms (37). There are many reports concerning the effects of
temperature on biodesulfurization. Izumi et al (37) isolated several strains which
utilized DBT as a sole source of sulfur from 150 soil samples. They found that
Rhodococcus erythropolis D-1 had a higher DBT desulfurizing ability than other
microbes. At 30°C, DBT concentration of 0.125 mM was completely degraded within
2 days by growing cells. However, DBT at up to 2.2 mM was rapidly degraded by
resting cells within 150 min. This strain can grow at 37°C but not at 41°C . Maxwell
et al (7) tested DBT desulfurization by bacterial strain UST-3 isolated from soil. They
found that at 30°C, crude enzyme releasing from living cells declined DBT
concentration from 2.45 to 2.06 mM in 45 min and 0.389 mM HBP was obtained. Lee
et al (40) found that at 25°C 4,6 — DEDBT (130mg/l) was metabolized by
Arthrobactor sp. but carbon atom remain unchanged. Rhee et al/ (27) studied the
capability of St. CYKSI1 to desulfurize DBT in the organic phase, two phase system:
cells in DBT — free MSM and DBT in hexadecane at 30°C. They found that St.
CYKS1 grew well in this two phase medium. The DBT concentration in hexadecane
decrease from 5.0 to 2.2 mM in 48 h. Reichmuth ef a/ (41) Studied the desulfurization
of DBT by growing cells and resting cells of Vibrio harveyi at 37°C for 2 days. The
report shows that the maximum DBT removal rate for growing cells was 8 mg/h*g dry
cell weight, while the resting cells removed 51 mg/h*g dry cell weight. Grossman et al
(23) evaluated Rhodococcus sp. St ECRD1 for its ability to desulfurize a 232 to 343°
C middle — distillate (diesel range) fraction of Oregon basin (OB) crude oil. They
found that at 25°C Up to 30% of the total sulfur was removed, and over 50% of the
sulfur remaining after treatment was an oxidized form. Konishi et a/ (42) isolated
Paenibacillus sp. Strain Al11-2, baterial strain, capable of desulfurizing DBT to
produce 2HBP at high temperatures. This strain was found to desulfurize
benzothiophene more efficiently than dibenzothiophene and benzothiophene was
assumed to be degraded in a way analogous to the 4S pathway. These results suggest
that benzothiophene desulfurization may share at least partially the reaction

mechanism with dibenzothiophene desulfurization. Ishii et al (43) studied
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Paenibacillus A11-2 which cleave two carbon and sulfur bond in DBT and alkyl
DBTs at high temperature. The DBT desulfurizing enzymes of A11-2 was cloned in
Escherichia coli and the tree genes were designated tdsA, tdsB and tdsC for
thermophilic desulfurization. The results show that cell — free extracts of a
recombinant E. coli harboring all the three desulfurization genes converted DBT to 2
HBP at both 37°C and 50°C. On the contrary, the temperature increases above these
points can be adversable effects to cell growth. Telang et al (29) isolated 2 bacterial
strains; that is. Thiomicrospira St CVO and Arcobactor St FWKOB from oil
contaminated water Coleville field in Western Canada. They found that neither could

be enriched with a high resident temperature (40° - 60°C)

3. Nutrient

Oil — contaminated soil and water cause a decrease in nitrogen and phosphorus.
The addition of these nutrients can stimulate biodesulfurization. The sources of
nitrogen are from ammonium or nitrate salts i.e., ammonium sulfate, ammonium
nitrate, while phosphate sources are mainly from phosphate salts of sodium,
ammonium. Besides N and P, sulfur is the essential nutrients for cell growth (33).
Maxwell and Yu (7) cultivated the bacterial strain UST-3 in four media namely;
Sulfur - free mineral salt medium (SFMM) , SFMM + DBT , SFMM + DBT+
thiamine , and SFMM + DBT+inorganic sulfate. The result shows that little growth
was obtained in SFMM. The strain grew well with the supply of thiamine. It was
because thiamine induced enzymes to utilize the organic sulfur in DBT. Furthermore
in the media containing 0.1 mM (10mg/l) sulfate can decreased DBT concentrations
from 0.5 mM to 0.15 mM within 48 hours. This fact indicates that the appropriate
sulfate can promote DBT desulfurization. Reichmuth ez al (41) found that the addition
of glucose or glycerol as the carbon sources to microbial culture with oxidoreductase
from resting cell of Vibrio harveyi produced the highest DBT removal rate (51 mg/h*g
dry cell weight). Also, the rate of DBT removal were highest with glucose, second
with glycerol. Rhee et al (27) observed growth of Strain CYKS1 on the various
organic sulfur compounds. The results showed that Strain CYKS1 was unable to grow

on any of the compounds without glucose as a sole carbon source .
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4. pH

Generally, the optimal pH for microbial growth is ranging from 6.5 — 7.5, and
can not survive at pH more than 9.5 or less than 4.0. The rate of biodesulfurization is
fastest at pH between 6.0 and 8.0. The pH adjustment of media or soil in this range can
increase the rate of biodesulfurization (44). Izumi et al (37) cultivated Rhodococcus
erythropolis D-1 in medium A supplement with 0.125 mM DBT as a sole source of
sulfur at pH 7.5. They found that the pH decreased during the cultivation but not effect
the microbial growth while Rhee et al (27) studied DBT degradation by strain CYKS1
and found that the pH decreasing from 7.4 to 5.9 has the influence on desulfurization
activity and cell growth. Their activity declined about 23% according to this change in

pH.

5. Sulfur content

Low — sulfur content of fuel oil can be entirely degraded. At high — sulfur
content, it still remain. In 1976, Walker et al/ (45) found that different bacteria and
yeast can degrade different kinds of fossil oil. Fossil oil from South Louisiana
containing low — sulfur could be degraded faster than bunker C which has high —
sulfur fuel. Lee ef al (40) tested the growth of Rhodococcus sp. St ECRDI on various
organic sulfur compounds. They found that 4,6-DEDBT, DBT, DBT sulfone, 4-
DEDBT, 4,6-DMDBT, phenothiazine and dimethyl sulfoxide support good growth
whereas thiophene and the substituted derivatives 2-phenylthiophene and 2-(1-
naphthyl) thiophene did not support growth. Kishimoto et al (46) used an experted
system to achieve the high production of desulfurizing cells from Rhodococcus
erythropolis KA2-5-1 by adding a proper amount of sulfur to avoid excess feeding
which resulted in the lowering of desulfurizing activity and starvation which caused
serious damage to cell growth . The result showed that at 100h of cultivation, 1g/l of
DBT was converted to 2 HBP with 20 h.
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2.4 Related Researches

Many researches using microbes for desulfurization are shown as follows;

Maxwell et al (7) studied desulfurization by crude enzyme and resting of strain
UST-3. They reported that DBT concentration declined from 2.45 to 2.06 mM within
45 min by crude enzyme from living cells with NADH cofactor and resting cells can
also desulfur DBT but without NADH addition.

Rhee et al (27) isolated Gordona St CYKS]1 from oil-contaminated wastewater
discharged from the dry industry in Korea. found that St CYKS1 was able to trasform
DBT to 2 HBP in which approximately 95% of the DBT was converted to 2 HBP and
also used organic sulfur compounds other than DBT. While adding sulfate to the
medium, DBT was not desulfurized, indicating that sulfate completely repressed the
expression of DBT-desulfurizing activities.When two types of diesel oils, middle
distillate unit feed (MDUF) and light gas oil (LGO) were treated with resting cells of
strain CYKS1 for 12 hours, the total sulfur content decreased, from 0.15% (wt /wt) to
0.06% (wt /wt) for MDUF and from 0.3% (wt /wt) to 0.25% (wt /wt) for LGO. It
decreased by about 70% (wt/wt) for MDUF and by about 50% for LGO after
treatment. St CYKS1 was considered to have potential for application in the
biodesulfurization of fossil fuels.

Folsm et al. (28) used Rhodococcus erythropolis 1-19 to desulfurize alkylated
dibenzothiophenes (Cx-DBTs) that found in a hydrodesulfurized middle-distillate
petroleum (MD1850). The initial desulfurization rates of DBT and MD1850 by I-19
were 5.0 and 2.5 pmol*g dry cell weight —1 min —1, respectively. Extensive
biodesulfurization resulted in a 67% reduction of total sulfur from 1,850 ppm to 615
ppm. When using X-ray absorption near-edge structure (XANES) analysis, It reported
that 615 ppm material gave a sulfur distribution of 75% thiophenes, 11% sulfides, 2%
sulfoxides and 12% sulfone.

Grossman et al (23) studied biodesulfurization of St. ECRD-1 in middle —
distillate crude oil fraction. They told that 30% of the sulfur was removed and 50% of
the remaining sulfur was oxidized to a chemical state. In addition, They also assessed
the maximum amount of sulfur removal by equaling volumes of OB oil diluted 10-fold

and 20-fold in decane, providing a final sulfur concentration of 20 and 10 ppm,
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respectively. It found that this method did not increase sulfur removal and the final
sulfur content of OB oil was the same in both cases. This showed that the substrate
range of the desulfurization enzymes limited further sulfur removal.

Telang et al (29) isolated Thiomicrospira strain CVO and Arcobactor strain
FWKOB from the Coleville field in Western Canada. In co — cultures of the two
microorganisms, CVO dominated at lower and FWKOB at higher sulfide
concentrations. When using mixed cultures of a sulfate-reducing bacterium
(Desulfovibrio strain Lac6) and CVO or FWKOB produced considerably less sulfide
than cultures of Lac6 alone, indicating that these NR-SOB can efficienly oxidize
sulfide generated by sulfate reduction provided nitrate is present. The same
observations were made for mixed cultures of a sulfur-oxidizing bacterium
(Desulfuromonas acetoxidans) and CVO.

Ayala et al (36) examined desulfurization in straight — run diesel fuel by
chloroperoxidase from Caldariomyces fumigo. The result showed that organic sulfur
compounds in diesel oil was reduced from 1.6% to 1.27%. Followed by a distillation,
oxidized sulfur compounds were declined from 1.27% to 0.27% or reduced the sulfur
content by 80%. On the contrary, the undistilled fraction contained 1.94% sulfur. They
also studied on desulfurization of diesel fuel (< 0.05% of sulfur ) enriched with 10 g/l
of DBT treated with cytochrome C ( hemoenzyme). The result showed that DBT was
transformed to DBT sulfoxide and DBT sulfone. In addition to DBT, cytochrome C
was also act as a biocatalyst able to oxidize thiophenes and organosulfides.

Lee et al (40) studied relationship between desulfurization and biomass
production of St. ECRD-1. They found that the removal of sulfur was tied to the sulfur
requirement of the cell, which are typically on the order of 1% of cell dry weight for
bacteria. Sulfur removal per gram of dry cell weight was between 6 and 8 mg (0.6 and
0.8 % of cell dry weight) in all case examined.

Kaufman et al (30) studied the desulfurization of crude oil by Rhodococcus sp.
IGTSS. They reported that sulfur in aromatic fraction of the van texas oil was reduced
from 3.8% to 3.2%. Rhodococcus sp. IGTS8 may be capable of biodesulfurization of
refined products such as gasoline and diesel whose predominant sulfur species are

DBT.
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Kobayashi et al (47) isolated thirty-five bacterial strains capable of converting
DBT into 2HBP. Only Rhodococcus erythropolis KA 2-5-1 was chosen because of its
high desulfurization activity. This strain could desulfurize a variety of alkyl
dibenzothiophene through the specific cleavage of their c-s bond and also attacked
alkyl benzothiophene in a c-s bond-targeted fashion. It converted BT and DBT into BT
sulfone and DBT sulfone with the aid of an NADH-dependent oxidoreductase. This
result raises the possibility that the same enzymatic step may be involved in
desulfurization of alkylated forms of bath DBT and BT in KA2-5-1 cells.

Pacheco et al (48) studied biodesulfurization of petroleum. They found that
total sulfur removal was between 30 — 70 % for middle — distillate, 40 - 90 % for light
gas oils and 25 — 60% for crude oils

Frassinetti et al (49) isolated Rhizobium meliloti Orange 1 from aerobic
sediments of a drainage ditch receiving oil refinery leakage. This strain was capable of
growing on DBT as the sole sulfur and energy source. It produces six degradation
intermediates. Three of these products were 3- hydroxy-2-formyl-benzothiophene,
benzothienopyran-2-one and DBT-5-oxide.

Omori et al (50) studied Corynebacterium sp. Strain SY1. This strain could
utilize a wide range of organic and inorganic sulfur compounds such as DBT sulfone,

dimethyl sulfide, dimethyl sulfoxide, dimethyl sulfone.
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CHAPTER 111
MATERIALS AND METHODS

3.1 Framework of the Study

This study was performed in laboratory as batch culture methods . All
experiments were conducted in the laboratory,Faculty of Environmental and Resource

Studies, Mahidol University. The procedures were performed step by step as follows:

Collecting soil and water samples from fuel oil contaminated areas

y

Cultivation microorganisms in two sulfur - free media

v

Isolation and study the growth of microorganisms

v

Effects of temperature on the growth of microbes

|
v v

Pure strain Mixed strains

:

Efficiency of microbes on desulfurization fuel oils

|
v v

Pure strain Mixed strains

| |
v

Determination of DBT at days 0,7,15 and 30 by GC-MS
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3.2 Instruments

The instruments used in this study are as follows:

1. Incubator (Termark)

Autoclave ( Hirayama model HA 300 MII)

Hot air sterilization oven (Contherm model CAT 260M)
Rotary shaker (Kila Labortechnik model HS 501 digital)
Laminar flow cabinet

pH meter (Orion model EA 940)

Vacuum rotary evaporator (Buchi model RE 111)

XU & 9 LD

Gas chromatography mass spectrometry (Agilent model 6890)

3.3 Chemicals
3.3.1 Media

(1) Sulfur free Mineral Medium (SFMM) (Maxwell and YU.,2000)

ST NaHPO4
0.02¢g CaCly- 2H,0O
0.01 g FeCl; -6H,O
S5g Glucose
82¢g Glycerol

Distilled in 1,000 ml of water and adjust to pH= 7

(2) Mineral Salts sulfur free medium (MSSF) (Lee et al., 1995; Grossman MJ. et

al.,1998)
04¢g KH,PO4
1.6 g K,HPO,
15 ¢ NH4Cl
0.17 g MgCl, -6H,0
0.09¢g CaCl,- 2H,0
5¢g Glucose

Distilled in 1,000 ml of water and adjust to pH= 6.5
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Solid media was prepared by adding a solidifying agent, agar, to a liquid media
as illustrated above. About 15 g of agar (1.5 %) was added into 1,000 ml of sulfur —
free media solution. The media was sterilized by autoclaving at 121°C, 15 psi for 15
min. Then pour this media into the plate, rotate the plate gently so that it becomes
evenly distribute. Keep the plate in an inverted position in refrigerator until use. The
pH of media was adjusted by using 1 N HCI and/or 1IN NaOH. and mix well while
adding HCI or NaOH. (51,52,53)

3.3.2 Fuel Oil

No. 4 fuel oil was used and sterilized by filtering through 0.45 pum whatman

membrane filter paper. The properties of fuel oil was shown in Appendix A.

3.4 Apparatus Preparation

Wash glass apparatus that used for microorganisms with detergent and tap
water, then rinse again with distilled water

Allow to dry, wrap the cylindrical container with aluminum foil then sterilize
the inner surface of apparatus by autoclaving at 121 °C,15 psi for 15 min.

Glass preparation used for residual organic sulfur analysis was similar to that

of microorganisms. Before sterilizing, rinse with acetone or hexane (51, 52)

3.5 Soil and Water Sampling

Soil and water samples were obtained from the fuel oil contaminated areas in
Ratchaburi province, Thailand. Each sample was collected from three random
sampling sites. Soil samples were about 10 cm deep (54) while water samples
collected from the surface about 0.5 - 1 m deep (55). Both soil and water were stored
in clean plastic bags or bottles packed and kept with ice, and then transported to the

laboratory and stored at 4 °C until use in the next experimental step.
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3.6 Cultivation of Microorganisms in Two Sulfur — Free Media

3.6.1 Prepared two of sulfur - free media as described in 3.3.1. If the media
were not to be used up immediately, they should be stored in refrigerator.

3.6.2 Transferred 100 ml of each media into 250 ml erlenmeyer flask. The
final pH of each media was adjusted by using 1N HCI and/or 1N NaOH.

3.6.3 Sterilized the media by autoclaving at 121 °C (15 psi ) for 15 min.
Allowed the media to cool down at room temperature.

3.6.4 Added 10 g of soil and 10 ml of water samples as inoculum together
with 0.1 ml (100 mg/l) of DBT into the 250 ml erlenmeyer flask containing sterilized
media.

3.6.5 Incubated each flask of culture suspension on a rotary shaker at 200
rpm, room temperature (25°C - 29°C) for 7 days.

3.6.6 Transferring was performed every 7 days by pipette 10 ml of culture
solution in 3.6.5 into the new 250 ml erlenmeyer flask containing 100 ml of fresh
sterilized media.

3.6.7 Pipetted 0.1 ml of each culture suspension into sterilized vial
containing 0.9 ml of 0.85% NaCl, mixed content well and gently by vortex. This vial
will be used for making the serial 10 - fold dilution as shown in Figure 3-1(52) by
transferring 0.1 ml from each vial to the next one. Use a new pipette for each transfer.

3.6.8 From each of dilution, transferred 0.1 ml of culture suspension to a
plate of sulfur — free solid media

3.6.9 Spread the culture suspension over the agar surfaces on each plate with
spreader glass that has been sterilized each time in alcohol and open flame cool down
the spreader glass before using.

3.6.10 Incubated the plates at 30-33°C in an inverted position for 24 — 48
hours.

3.6.11 To obtain the best of sulfur — free media, selected the plates that have
the highest of number and type of microorganisms presented. At this step, the best
media formula will be obtained and it will be use further throughout this study. The

microorganism obtained in this step was a mixed cultures.
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PipeteAmi| Fipete.mi Pipetodmi Pipetedmi| Pipet 0.1 ml

2V VA YA A

Sample

Figure 3-1. The 10 — fold dilution methods (52)

3.7 Isolation and Study the Growth of Microorganisms

3.7.1 Selected 2-3 distinct dominant species from the selected plate in 3.6.11

3.7.2 Inoculated each of colony of dominant species in 3.7.1 by transferring
one loopful of colony to 250 ml erlenmeyer flask containing 100 ml of sulfur — free
media obtained from 3.6.11 and 0.2 ml of fuel oil. All flasks were incubated at room
temperature (25-29°C) on rotary shaker at 200 rpm for 7 days

3.7.3 Prepared the solid agar (as described in 3.3.1) by using the media
obtained from step 3.6.11

3.7.4 Transferred one loopful of the culture in 3.7.2 with aseptic technique

3.7.5 Streaked one loopful of the culture on the plate

3.7.6 Incubated the plate at 37°C for 24 — 48 hours

3.7.7 Repeated step 3.7.3 — 3.7.6 until a pure culture was obtained

3.7.8 To determine if a pure culture has been achieved, a stained slide of the

culture should be performed (Appendix B).
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3.7.9 To study the growth of each pure microorganism, pipette 0.1 ml of each
pure culture suspension into sterilized vial containing 0.9 ml of 0.85% NaCl and then
repeated the procedure from 3.6.7 — 3.6.10

3.7.10 Selected the plates that have colonies between 30 — 300 colonies

3.7.11 Count the colony and calculate the number of microorganism by
multiply the number of colonies counted by the dilution factor

3.7.12 The colony forming unit (cfu / ml) were obtained and then plotted
graph of growth curve of each pure strain

3.7.13 The growth of mixed cultures was done by transferring each pure
culture to 250 ml erlenmeyer flask containing 100 ml of sterilized sulfur — free media.
The ratio of each pure strain must be equal and the total number of cells mixing should
be 10" cells. The volume of each pure strain was calculated from its growth curve
which obtained in step 3.7.11 —3.7.12

3.7.14 Repeat the procedure from 3.7.9 — 3.7.12. At this step the growth of
mixed cultures was obtained.

3.7.15 Pure culture and mixed cultures were kept in agar slant at 4°C.

Transferring to the new agar slant should be done every 3 months.

3.8 Study the Effect of Temperature on the Growth of Pure and
Mixed Cultures

Each experimental condition was set up in triplicate. The procedure described
as follows: 250 ml flask containing 100 ml of sterilized sulfur - free media was
prepared. The pH was adjusted to the pH of selected sulfur - free media and sterilized
by autoclaving at 121 °C (15psi) for 15 min. then added 0.2 ml fuel oil as well as pure
and mixed cultures. In each treatment, the initial amount of pure and mixed cultures
was equal to 107 cfu/ml. All flasks were incubated by pumping aerator at different
temperature i.e., 25, 30, 35 and 40 °C for 7 days. Samples were collected for pH
measurement and measured the growth at day 0, 1, 3, 5 and 7 by plate count technique.
The temperature which give the highest growth pattern was selected for testing the
efficiency of biodesulfurization .The detail of the experiment was performed as shown

in Table 3-1.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management) / 35

Table 3-1. The experimental scheme for determination of optimal temperature.

The expermental condition
Treatment Temperature | Fuel Oil The amount
pH ©°C) (%viv) of colonies
’ (cfu/ml)
Optimal pH in ;
selected media 25 0.2 10
Pure strain (a,b) Qrpiigal pH - 30 0.2 107
. : selected media
Mixed strains OptimakgSll
7
5P selected media 35 0.2 10
Optimal pH in ;
selected media 40 0.2 10
Optimal pH in
selected media 25 0.2 B
Optimal pH in 30 00 ]
selected media
Control : 3
Optimal pH in 35 00 ]
selected media ’
Optimal pH in
selected media 40 0.2 B

3.9 Study the Efficiency of Microorganisms on Desulfurization Fuel
Oil

All experiment were performed at optimal temperature obtained from 3.8. The
250 ml flasks containing 100 ml of sulfur - free media was prepared. The pH was
adjusted to the pH of selected sulfur - free media. The media was sterilized by
autoclaving at 121 °C (15psi) for 15 min. then added 0.2 ml (0.2%v/v) fuel oil as well
as pure and mixed cultures. In each treatment, the initial amount of each strain was
equal to 107 cfu/ml. All flasks were incubated at optimal temperature obtained from
3.8. Samples were collected for pH measurement and studied the efficiency of
biodesulfurization in each treatment. In addtion, the determination of residual organic
sulfur contents were also measured at days 0,7,15 and 30 by gas chromatography

mass spectrometry (GC-MS).
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3.10 Extraction of Residual Fuel Oil

The extraction of residual fuel oil was modified from Grossman et al/ (23)

Before extraction, culture samples were acidified to pH of 2.0 with 1 N HCI.
The internal standard, 2 ml of 100 mg/l of phenanthrene, was filled to the flask. The
entire content of each flask was extracted three times with 100 ml of dichloromethane
(DCM), and the combined extracts were filtered througn anhydrous sodium sulfate to
remove water. The samples were evaporated in a vacuum rotary evaporator at 50°C.
The residual of degraded fuel oil were redissolved in 2.0 ml of hexane (HPLC grade).
Samples were subsequently to filtered through the whatman GF/A glass microfilter to
remove turbidity appearing after volume reduction. The solutions were then
concentrated by evaporation at room temperature to approximately 1.5 ml. The sample
were kept in refrigerator until being analyzed by gas chromatography mass
spectrometry (GC-MS).

GC-MS technique was modified from Maxwell and YU (7). This analysis was
performed using a 6890N equipped with mass spectrometry detector (MSD: model
5973N Agilent and 0.25 um film thickness, 30 m and 0.25 mm internal diameter HP-5
capillary column. The operation conditions were: carrier gas, 25 ml He/min; sample
injection, 1 ul with a split of 1-25; inlet temperatures, 250°C. The oven temperature
was set at 100°C for 3 min raised to 250°C for 3 min. The running time was about 40

min.

3.11 Identification of DBT Desulfurizing Microorganisms

Morphological and physiological characteristics including gram stain test and
biochemical test (API system) were used to identify the microorganisms. The results
were determined by comparing with the characteristics of bacteria in Bergey ‘s manual

of determinative bacteriology and general principle of fungal classification (56,57,58).
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3.12 Statistical Analysis

Two-way ANOVA (two way analysis of variance) provides for one dependent
variable by one or more factors and/ or variables. Using two-way ANOVA to test
hypothesis about the effect of temperature and microorganisms on the means of
various groupings of residual amount of DBT (single dependent variable) and study
interaction between factors (temperature and microorganisms) as well as the effects of
individual factors.

After two-way ANOVA has shown significance, using Duncan’s multiple
range tests (post hoc test) to evaluate the difference among specific means at 95%

confidential level.
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CHAPTER 1V
RESULTS

4.1 Isolation and Identification of Microorganisms

The two sulfur-free media including sulfur-free mineral medium (SFMM) and
mineral salts sulfur-free medium (MSSF) were used to cultivate microbes isolated
from fuel oil contaminated soil and water samples. After several transfers based on its
growth in these two media, MSSF which contained of 0.4 g of KH,PO,, 1.6 g of
K;HPO,, 1.5 g of NH4CI , 0.17 g of MgCl,06H,0 , 0.09 g of CaCl,e2H,0 and 5 g of
glucose was selected throughout this experiment. After 5 times cultivations of
microorganisms in MSSF with 0.1 ml (100mg/l) of DBT (35 days of incubation at
room temperature (25-29°C)), difference of six colonies were found in soil sample and
difference of three colonies were found in water sample. Two types of dominant
colonies that gave the highest number were isolated. One dominant colony obtained
from soil sample and the other one derived from water sample. The external
morphology of each colony was examined using a compound microscope.

The colony morphology of microorganism isolated from soil sample was
circular with convex in elevation, smooth margin and white color. It was gram
negative and spherical shape. The colony was identified using API ID32C test system
(The results are shown in Appendix C). Further taxonomical identification was
performed by Thailand Institute of Scientific and Technological Research (TISTR)
and it was identified as Cryptococcus laurentii. Colony and cell morphology of
Cryptococcus laurentii are illustrated in Figure 4-1.

The colony morphology of microorganism isolated from water sample was
pink color, circular forming, smooth margin and convex of elevation. It gave gram
positive and rod shape which identified by API Coryne test system as
Corynebacterium urealyticum (The result are shown in Appendix D). Further
taxonomical identification was performed by Department of Medical Science,
Ministry of Public Health. Colony and cell morphology of Corynebacterium

urealyticum are shown in Figure 4-1.
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Figure 4-1. Colony (Top Left) and cell morphology (Bottom Left) of Cryptococcus
laurentii (x40 objective, phase contrast microscope)
Colony (Top Right) and cell morphology (Bottom Right) of

Corynebacterium urealyticum (x100 objective, phase contrast

microscope)
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4.2 Growth Measurement of Microorganisms

Growth measurement of Cryptococcus laurentii and Corynebacterium
urealyticum in 100 ml MSSF containing 0.2 ml (0.2% v/v) fuel oil were determined by
the viable cell count. The maximum growth of Cryptococcus laurentii was obtained
after 4 days of incubation and the number of cell was 10” -10"'cfu/ml. The highest growth
of Corynebacterium urealyticum was obtained after 5 days of incubation and the
number of cell was 10'* -10"cfu/ml. The amount of viable cell of Cryptococcus laurentii
and Corynebacterium urealyticum and their growth pattern during incubation in 100

ml MSSF with 0.2 ml fuel oil are presented in Table 4-1 and Figure 4-2, respectively.
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of Cryptococcus laurentii and

Corynebacterium urealyticum incubated in 100 ml MSSF with 0.2 ml fuel

oil for 7 days.
Species Cryptococcus laurentii Corynebacterium urealyticum
D The amount of viable cells The amount of viable cells
ay (cfu/ml) (cfu/ml)
0 1.00 x 107 1.00 x 10’
1 6.13 x 10° 1.30 x 10°
2 8.0x 10’ 6.55x 10’
3 1.59 x 10° 1.51 x 10'°
4 1.36 x 10" 3.89x 10"
5 2.25x%x10° 1.03x 10"
6 3.20 x 10’ 1.18x 108
7 7.25 x 10° 1.76 x 10’
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Figure 4-2. Growth pattern of Cryptococcus laurentii and Corynebacterium
urealyticum in 100 ml MSSF with 0.2 % fuel oil incubated at room
temperature (25°-29°C) for 7 days.
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4.3 Effect of Temperature on the Growth of Pure and Mixed cultures

The optimum temperature was dealed with the growth rate of microorganisms.
Cryptococcus laurentii, Corynebacterium urealyticum and mixed cultures were
incubated separately in 100 ml MSSF with 0.2 ml fuel oil at different temperatures
(25°, 30°, 35° and 40°C). The amount of viable cell was determined at day 1, 3, 5 and
7. The results are shown in Table 4-2 to 4-4 and Figure 4-3 to 4-5

The growth pattern of Cryptococcus laurentii was increased rapidly at day 1 to
day 3 in all experiments. However, its growth was decreased during day 3 to day 7 at
30° and 40°C. For the period of 7 days of incubation, high growth rate occurred at
both 25°C (3.50 x 10"* cfu/ml) and 35°C (1.26 x 10" cfu/ml) and decreased orderly at
30°C (6.67 x 10" cfu/ml) and 40°C (6.20 x 10" cfu/ml).

Similarly, the growth pattern of Corynebacterium urealyticum were decreased
orderly when incubated at 25°C (5.20 x 10'* cfu/ml), 35°C (1.60 x 10'* cfu/ml) and
30°C (3.75 x 10" cfu/ml). This microorganism could not grow at 40°C.

In case of mixed cultures, the growth pattern was increased rapidly from day 1
to day 3 in all experiments . Their growth rate when incubated at both 25°C (6.85 x
10" cfu/ml) and 35°C (1.60 x 10'* cfu/ml) were higher than the growth at 30°C
(6.63 x 10" cfu/ml) and 40°C (3.00 x 10" cfu/ml). In mixed cultures,
Corynebacterium urealyticum achieved lower growth rates than Cryptococcus
laurentii at 25°, 30° and 35°C. There was no growth of Corynebacterium urealyticum
at 40°C.

From these results, high growth rate of pure and mixed cultures were obtained
when incubated in 100 ml MSSF at 25°C and 35°C. Therefore, the temperature of
25°C and 35°C were selected for further study.
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Table 4-2. The effect of temperature on the growth of Cryptococcus laurentii.

Growth of Cryptococcus laurentii

Da 25°C 30°C 35°C 40°C
Y Viable cell count | Viable cell count | Viable cell count | Viable cell count
(cfu/ml) (cfu/ml) (cfu/ml) (cfu/ml)
0 1.00 x 107 1.00 x 10’ 1.00 x 107 1.00 x 107
1 6.90 x 10° 5.50 x 10’ 6.50 x 10’ 2.66 x 10°
3 2.52 x 10" 6.67 x 10" 1.88 x 10'° 6.20 x 10'°
5 3.50 x 10" 3.00 x 10° 126 x 10" 2.10x 10°
7 2.15 x 10" 232 x 107 3.20 x 10" 5.40 x 10°

Table 4-3. The effect of temperature on the growth of Corynebacterium urealyticum.

Growth of Corynebacterium urealyticum

Da 25°C 30°C 35°C 40°C
Y Viable cell count | Viable cell count | Viable cell count | Viable cell count
(cfu/ml) (cfu/ml) (cfu/ml) (cfu/ml)
0 1.00 x 10’ 1.00 x 107 1.00 x 10’ 1.00 x 10’
1 1.90 x 10° 1.16 x 10® 2.08 x 10’ -
3 5.10 x 10" 1.36 x 10" 1.12 x 10" -
5 5.20 x 10" 3.75 x 10" 1.60 x 10'? -
7 1.20 x 10" 1.10 x 10° 8.60 x 10" -
Table 4-4. The effect of temperature on the growth of mixed cultures.
Growth of mixed cultures
Da 25°C 30°C 35°C 40°C
Y Viable cell count | Viable cell count | Viable cell count | Viable cell count
(cfu/ml) (cfu/ml) (cfu/ml) (cfu/ml)
0 1.00 x 10’ 1.00 x 10’ 1.00 x 10’ 1.00 x 10’
1 1.14 x 10° 1.82 x 10° 9.80 x 10’ 7.00 x 10°
3 5.20 x 10" 6.63 x 10" 1.04 x 10'° 3.00 x 10"
5 6.85 x 10" 1.90 x 10" 1.60 x 102 5.96 x 10"
7 3.27 x 10" 7.66 x 10’ 3.25 x 10" 5.06 x 10°
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Figure 4-3. Growth pattern of the Cryptococcus laurentii at the temperature of 25°,
30°, 35° and 40°C
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Figure 4-4. Growth pattern of the Corynebacterium urealyticum at the temperature of

25°,30°, 35° and 40°C.
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Figure 4-5. Growth pattern of the mixed cultures at the temperature of 25°, 30°, 35°
and 40°C.
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4.4 Chromatogram of Fuel Oil and DBT determined by GC-MS

Fuel oil component depends on source and grade of it. In this study, fuel oil
was provided as the source of dibenzothiophene (DBT) in batch culture. The
individual peak of fuel oil was monitored by using GC-MS as shown in Figure 4-6. In
addition, gas chromatography mass spectremetry (GC-MS) analysis was used to
identify the peak and quantify the amount of DBT. Identification of DBT peak was
done by determining the retention time relative to the phenanthrene (internal standard:
IS). The retention time (RT) of DBT and IS were 19.73 and 20.31 min, respectively.
Figure 4-7 illustrated the chromatogram of DBT and phenanthrene (A) and also
exhibited the mass spectrum and structural formula of DBT (B) The molecular ion at
m/z 184 was the only abundant one and was identified as DBT. To quantify the
amount of DBT in fuel oil, calibration curve of standard DBT at 0.1, 0.3, 0.5, 1.0, 1.3
and 5.0 mg/l in 1 ml hexane with 100 mg/l phenanthrene were needed to be done. The

results of calibration curve is shown in Figure 4-8.
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Figure 4-6. GC-MS chromatogram of fuel oil.
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Figure 4-7. GC-MS chromatogram of fuel oil added with phenanthrene as internal
standard (A). The mass spectrum of DBT with molecular ion 184 (B).
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Figure 4-8. DBT calibration curve (0.1, 0.3, 0.5, 1.0, 3.0 and 5.0 mg/1).
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4.5 Abiotic Loss of DBT in Fuel Oil

The DBT removal under abiotic condition was determined by incubating the
reactors without inoculating any microbes at temperature of 25° and 35°C and were
measured by using gas chromatography mass spectromety (GC-MS). Comparison of
abiotic loss of DBT in fuel oil at 25°C and 35°C are shown in Table 4-5. The residual
and removal amount (mg/l) of DBT in 0.2 ml fuel oil are illustrated in Table 4-6. The
results showed that the residual amount of DBT were decreased continually from day
0 to day 30. The average desulfurization rate during day 0-7 and day 7-15 at 25° and
35°C were similar (0.0021 and 0.0019 mg/l/day, respectively). At 15 days of
incubation, the percentage of DBT removal under abiotic condition at 25°C and 35°C
were the same 9.09%. The maximum percentage of DBT removal under abiotic
condition in fuel oil was obtained at 35°C (13.64%). However, abiotic loss of DBT in
fuel oil at 25°C and 35°C did not differ significantly (p>0.05, two way ANOVA). At
the end of the experiment, the pH was slightly decreased as shown in Table 4-7 and
Figure 4-9.
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Table 4-5. The percentage of DBT removal and desulfurization rate (mg/l/day) of
DBT in 100 ml MSSF with 0.2 ml fuel oil under abiotic condition at 25°

and 35°C
DBT
Day of incubation

25°C 35°C

0 0.00% 0.00%

7 4.55% 4.55%

15 9.09% 9.09%
30 10.61% 13.64%
% Total removal 10.61% 13.64%

average desulfurization rate (mg/L/day) for 7 days 0.0021 0.0021
average desulfurization rate (mg/L/day) from day 7 to day 15 0.0019 0.0019
average desulfurization rate (mg/L/day) from day 15 to day 30| 0.0003 0.0010
average desulfurization rate (mg/L/day) for 30 days 0.0012 0.0015
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Table 4-6. The residual and removal amount (mg/1) of DBT in 100 ml MSSF with 0.2

ml fuel oil under abiotic condition at 25° and 35°C

DBT
Day 25°C . 35°C
Residual Removal Residual Removal

amount (mg/1) (mg/1) amount (mg/l) (mg/1)

0 0.330 0.000 0.330 0.000
0.315 0.015 0.315 0.015

15 0.300 0.030 0.300 0.030
30 0.295 0.035 0.285 0.045

Table 4-7. The pH change under abiotic condition at the temperature of 25°C

and 35°C
Day Py
25°C 35°C
6.0 6.0
5.6 5.8
15 e 5.5
30 9.3 5.5
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Figure 4-9. The pH change under abiotic condition at the temperature of 25° and 35°C.
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4.6 The Efficiency of Microbes on Desulfurization Fuel Qil at 25° and
35°C

4.6.1 Growth Pattern of Pure and Mixed cultures and pH changes in the
Reactor System.

At the end of the incubation period of each experiment i.e., day 7, 15 and 30,
the growth of pure and mixed cultures were determined as shown in Figure 4-10 and
Figure 4-11. At the temperature of 25°C and 35°C, the results showed that the growth
of pure and mixed cultures increased rapidly at day 7. Thereafter, the growth of pure
and mixed cultures tended to decrease until the last day of incubation. In mixed
cultures, Corynebacterium urealyticum achieved lower growth rates than
Cryptococcus laurentii at both 25° and 35°C. The highest growth of Cryptococcus
laurentii, Corynebacterium urealyticum and mixed cultures at both temperatures were
occurred at seventh day of incubation as shown in Figure 4-10, Figure 4-11 and Table
4-8. During the incubation period, the pH of culture media in all experiment were

slightly decreased.
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Figure 4-10. Growth pattern of Cryptococcus laurentii ,Corynebacterium urealyticum

and mixed cultures at 25°C
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Figure 4-11.Growth pattern of Cryptococcus laurentii ,Corynebacterium urealyticum

and mixed cultures at 35°C
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Figure 4-12.The pH change of Cryptococcus laurentii, Corynebacterium urealyticum

and mixed cultures at 25°C
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Figure 4-13.The pH change of Cryptococcus laurentii, Corynebacterium urealyticum

and mixed cultures at 35°C
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4.6.2 The Efficiency of Microbes on Desulfurization of Fuel Oil at 25° and
35°C.

The biodesulfurization of DBT in fuel oil was measured by using gas
chromatography mass spectrometry (GC-MS). In this study, the loss of DBT peak was
followed in both biotic and abiotic processes (see in Table 4-8). The comparison of
DBT removal after incubating with biotic and abiotic condition are illustrated in
Figure 4-14 to 4-15.

The results showed that at 25°C, the percentages of DBT removal for 30 days
by mixed cultures, Corynebacterium urealyticum and Cryptococcus laurentii were
53.03%, 50.00% and 46.97% , respectively. The average biodesulfurization rate for 30
days by mixed cultures, Corynebacterium urealyticum and Cryptococcus laurentii
were 0.0058, 0.0055 and 0.0052 mg/L/day, respectively.

At 35°C, the percentages of DBT removal for 30 days by mixed cultures,
Cryptococcus laurentii and Corynebacterium urealyticum were 50.00%, 46.97% and
43.94% , respectively. The average biodesulfurization rate for 30 days by mixed
cultures, Cryptococcus laurentii and Corynebacterium urealyticum were 0.0055,
0.0052 and 0.0048 mg/L/day, respectively.

These results indicated that at 25°C, mixed cultures gave the highest
percentage of DBT removal (53.03%) and the highest biodesulfurization rate (0.0058
mg/l/day).

Figure 4-16 to 4-21 represented the GC — MS chromatograms of DBT after
incubation with biotic condition at 25°C and 35°C, respectively. Two way ANOVA
and Duncan’s multiple range tests (see in Appendix E) were analyzed the difference
between the means of biodesulfurization and the difference between pairs of sample
groups at 95% confidential level. The results exhibited that temperature did not effect
significantly (P > 0.05, two-way ANOVA) on DBT removal. However, the DBT
removal by Cryptococcus laurentii, Corynebacterium urealyticum and mixed cultures

differ significantly from abiotic condition ( P < 0.05, two-way ANOVA).
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Figure 4-14.The removal of DBT in fuel oil after incubating with Cryptococcus

laurentii, Corynebacterium urealyticum, mixed cultures and abiotic

condition at 25°C for 30 days
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Figure 4-15.The DBT removal in 0.2 ml fuel oil after incubating with Cryptococcus

laurentii ,Corynebacterium urealyticum, mixed cultures and abiotic

condition at 35°C for 30 days
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Figure 4-16.GC-MS profile, Chromatogram of DBT  after incubating with
Cryptococcus laurentii for 0, 7, 15 and 30 days at 25°C.
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Figure 4-17.GC-MS profile, Chromatogram of DBT after incubating with
Corynebacterium urealyticum for 0, 7, 15 and 30 days at 25°C.
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Figure 4-18.GC-MS profile, Chromatogram of DBT after incubating with mixed
cultures for 0, 7, 15 and 30 days at 25°C.
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Figure 4-19.GC-MS profile, Chromatogram of DBT after incubating with
Cryptococcus laurentii for 0, 7, 15 and 30 days at 35°C.
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Figure 4-20.GC-MS profile, Chromatogram of DBT after incubating with

Corynebacterium urealyticum for 0, 7, 15 and 30 days at 35°C.
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4.7 Loss of Hydrocarbon in Fuel Oil.

The loss of straight chain hydrocarbon were shown when incubated 0.2% fuel
oil in 100 ml MSSF with Cryptococcus laurentii, Corynebacterium urealyticum and
mixed cultures at 25°C and 35°C. At 30 days of incubation, the loss of straight chain
hydrocarbon in fuel oil after incubation with Cryptococcus laurentii, Corynebacterium
urealyticum and mixed cultures at both 25°C and 35°C are slightly decreased.(see in

Figure 4-6 compared to Figure 4-22 to Figure 4-24).
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Figure 4-22.The decreasing of straight chain hydrocarbon in fuel oil after incubated
with Cryptococcus laurentii at 25° (Top) and 35°C (Bottom) at day 30
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Figure 4-23.The decreasing of straight chain hydrocarbon in fuel oil after incubated

with Corynebacterium urealyticum at 25° (Top) and 35°C (Bottom) at
day 30
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Figure 4-24.The decreasing of straight chain hydrocarbon in fuel oil after incubated

with mixed cultures at 25° (Top) and 35°C (Bottom) at day 30



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Technology of Environmental Management)/ 75

CHAPTER V
DISCUSSION

5.1 Microorganisms Isolated from Soil and Water Samples

The DBT desulfurizing microbes used in this study were derived from fuel oil
contaminated soil and water samples in Ratchaburi province, Thailand. The soil strain
of Cryptococcus laurentii (Yeast) and water strain of Corynebacterium urealyticum
(bacteria ) were isolated based on the highest ability to grow on MSSF with DBT (100
mg/1) as a sole source of sulfur.

From the literature review (see in Table 2-6) about the list of desulfurizing
bacteria, fungi, and yeast isolated from soil and water samples, there is no report about
DBT desulfurization by a newly isolated yeast strain, Crypfococcus laurentii. This
microbe is soil saprophyte, non pathogens (59,60).This microbial growth is consistent
with the observation from Baron et al (61). They reported that Cryptococcus laurentii
can grow well at 25°C or 37°C.

The strain of Corynebacterium urealyticum is procaryotic bacteria. This strain
is facultative anaerobes, commonly requiring nutritionally rich media such as blood or
serum media. Corynebacterium urealyticum has chemoorganotrophs with fermentation
metabolism, most species produce acid without gas from glucose and other
carbohydrates (62). The identification of Corynebacterium sp. is poorly described due
to insufficient data and easy to be confused with the other genera of bacteria (50). In
the present study, the percentage of Corynebacterium urealyticum identification is
96.2%. There have been reports on the ability of Corynebacterium sp. strain P32C1 to
desulfurize DBT through a 4S pathway to 2-hydroxybiphenyl (2-HBP) as shown in
Figure 5-1. This pathway is no loss of the carbon atoms of DBT and only the DBT
sulfur atom is eliminated (63). In addition to Corynebacterium sp strain P32ClI,
Corynebacterium sp strain SY1 also desulfurize DBT through 4S pathway (50). Omori
et al (50) mentioned that Corynebacterium sp. strain SY1 selectively abstract the
sulfur heteroatom from DBT without cleavage of carbon-carbon bonds. Moreover,

Corynebacterium sp strain SY1 could desulfurize a wide range of organic and



Patchara Kosolchaiyabutr Discussion / 76

inorganic sulfur compound such as DBT sulfone, dimethyl sulfide, dimethyl sulfoxide,
dimethyl sulfone and 2 HBP. The result showed that SY1 oxidized DBT to DBT-5-
Oxide and DBT sulfone and released sulfite or sulfate to 2 HBP. Only the DBT sulfur

atom is eliminated (50).
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Figure 5-1. Proposed pathway of DBT desulfurization by Corynebacterium sp.
P32C1 (63).

5.2 Effect of Temperature on Microbial Growth and Desulfurization

The viable cell count of pure and mixed cultures were obtained for 30 days of
incubation. The result showed that optimal temperature for the growth of
Cryptococcus laurentii, Corynebacterium urealyticum were at 25° and 35°C. This is
consistent with the observation from Baron ef a/ (61). They reported that the optimal

temperature for the growth of Cryptococcus laurentii, Corynebacterium urealyticum

were at 25° or 37°C.
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After 30 days of incubation, the percentage of DBT removal by Cryptococcus
laurentii, Corynebacterium urealyticum and mixed cultures at 25° and 35°C were
46.97%:46.97%, 50.00%:43.94% and 53.03%:50.00%, respectively. At 25° and 35°C,
the percentage of mixed cultures was slightly different. Therefore, the temperature of
25° and 35°C was favourable to apply in practical because it is suitable in Thailand
condition.

In addition, DBT can be removed under abiotic condition. The percentage of
DBT removal under abiotic condition at 25°C and 35°C were similar (10.61% and
13.64%, respectively) and showed significantly different from the efficiency of both
pure and mixed cultures. The physical processes such as the movement of liquid
medium, oil solubilization, aeration and volatilization can contribute to the abiotic
losses of oil.

Temperature is one of the important factors affecting the cell growth.
Temperature increased at 10°C resulted in the enzyme activity in double (38). This is
not consistent with the present study. This study found that at both 25°C and 35°C, the
growth rate of Cryptococcus laurentii, Corynebacterium urealyticum and mixed
cultures did not differ much. Therefore, the efficiency of biodesulfurization by pure
and mixed cultures did not differ as well. Temperature not only affects the microbial
growth but also the influences on the rate of biodesulfurization by effecting on physio
— chemical properties of fuel oil , the activity of enzyme, and metabolism of microbes.
Viscosity is one of the most important physio — chemical properties of fuel oil. The
increasing of temperature will result in decreasing of their viscosity (14,15) and effect
the mass transfer of DBT molecules from the oil to water and water to microbial cells.
Enzyme and other co factors such as NADH, FMN, FMNH, found in microbial
cytoplasm are denatured at high temperature. High temperature may increase the rate
of biodesulfurization however, the enzymatic activity should be considered as limiting

factors when the temperature is too high (5).

5.3 Effect of Pure and Mixed cultures on Desulfurization Fuel Oil

The result from this study showed that mixed cultures gave the highest
percentage of DBT removal (53.03%) and the highest average biodesulfurization rate

(0.0058 mg/l/day). In mixed cultures , Corynebacterium urealyticum achieved lower



Patchara Kosolchaiyabutr Discussion / 78

growth rates than Cryptococcus laurentii. This may be due to the negative effect
occurred by their interaction (competition). In the interaction, the activities of one

organism inhibit the growth of the other one (64).

5.4 Loss of Hydrocarbon in Fuel Oil after Biodesulfurization

Carbon is a major elements that is essential for cell growth. In this experiment,
glucose (5% by weight) was used as a primary carbon and energy. At 30 days of
incubation, the loss of straight chain hydrocarbon in fuel oil after incubation with
Cryptococcus laurentii, Corynebacterium urealyticum and mixed cultures at both
25°C and 35°C was rarely change. It is possible that MSSF has abundance glucose for
microbial growth. Bozdemir et al (65) found that when Rhodococcus rhodochrous
used glucose as the only carbon source, the growth rate was found to be dependent of
glucose concentration. Moreover, Reichmuth et a/ (41) found that the addition of
glucose or glycerol as the carbon sources to microbial culture with oxidoreductase
from resting cell of Vibrio harveyi produced the highest DBT removal rate (51 mg/h*g
dry cell weight). Also, the rate of DBT removal were highest with glucose, second
with glycerol.
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CHAPTER VI
CONCLUSION

The increasing use of high sulfur fuel oil for power generation and industry has
led to produce sulfur dioxides that contribute to air pollution. Biodesulfurization is one
of the best methods to eliminate the recalcitrant organosulfur compounds such as
Dibenzothiophene (DBT). Microorganisms have evolved diverse biochemical
strategies for dealing with sulfur, an essential element. Therefore, employing these
sulfur specific mechanisms to deal with sulfur related environmental problems are
beneficial. The research objective is to study the effect of temperature on
desulfurization fuel oil by microorganisms. It can be concluded as follows:

1. Cryptococcus laurentii (yeast strain) and Corynebacterium urealyticum.
(bacteria strain) are indigenous microbes isolated from fuel oil contaminated soil and
water samples and have potential to desulfurize DBT in fuel oil.

2. Temperature has significantly affected on the growth of pure and mixed
cultures. Temperature did not effect significantly on DBT removal (p> 0.05, two way
ANOVA) however, the percentage of DBT removal by pure and mixed cultures were
between 43 —53% .

3. The loss of DBT can be undertaken via abiotic process.

4. The next study should investigate the pathway of the oxidation of DBT by
Cryptococcus laurentii and Corynebacterium urealyticum, study the heating value
after biodesulfurization, study the cellular metabolism of enzyme and other factors
such as DBT concentration, the effect of glucose (nutrient) concentration or viscosity

of the oil on the ability of microbe to desulfurize fuel oil.
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Properties of Fuel Oil

METHOD TEST

TESTITEMS ASTM/OTHER SPECS RESULT
VOLATILITY:
Flash Point ; PMCC, °C ASTM D - 93 60 Min. 80
FLOW PROPERTIES:
Pour point, =C ASTM D - 97 30 Max. 21
Viscosity @ 50°C (Kinematic), ¢St ASTM D — 445 7 -280 275.14
API Gravity @ 15 °C ASTM D - 1290 10.7 Min. 19.0
Specific gravity @ 15/15 °C ASTM D - 1298 0.995 Max. 0.9402
CLEANLINESS:
Sulfur Content %wt. | ASTMD-4294 | 3.0 Max.® 1.52
Carbon Residue, %wt. ASTM D — 189 Report 6.85®
Ash Content, YoWt. ASTM D - 482 0. Max. | 0.012®
Water and Sediment, %vol. ASTM D — 1796 1.0 Max. 0.10
COMBUSTION:
Great Heat of Combustion, cal/g ASTM D —77.009 | 9,900 Min. 10,418

Note : (a) 2.0% sulfur is maximum for Bangkok and Samutprakarn
(b) The result is based on an analysis — performed on a 3 month interval of

Sample ID0938A0799, dated 28-May-2001.
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Gram’s stain (Hucker’s method)

1. Clean slides it there is a new one, immerse in 95% alcohol and blot with gouche
cottons.

2. Prepare slides by dropping distilled water in the center of the slide, then smear
bacterial colonies on them by aseptic techniques and leave to dry.

3. Fix the slides two or three times by flamming on the bunsen burner

4. Cover the slides with prepared smears with crystal violet and let stand for 1 min.
5. Wash off the stain, using tap water to drain off excess color.

6. Cover the smear with Gram’s iodine solution and let stand for 1 min.

7. Pour off the Gram’s iodine and flood the smear with 95% ethyl alcohol for 5 to 10
seconds until decolorize, rinse the slides with tap water for a few seconds.

8. Cover the smear with safranin for 10 seconds.

9. Wash gently for a few seconds, blot with bibulous paper and let dry.
10.Examine the slide under oil immersion.

11.Record the morphology and Gram’s stain to see that it is coccus, bacillus or

spirillum, and it is gram-positive or gram-negative bacteria.
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Characteristics of the Yeast Strain S : Cryptococcus laurentii

Characteristics Reaction

Assimilation of
- galactose
- actidione
- saccharose
- N-acetyl-D-glucosamine
- DL-lactate
- L-arabinose
- raffinose
- maltose
- trehalose
- 2-keto-D-gluconate
- o-methyl-D-glucoside
- sorbitol
- D-xylose
- ribose
- glycerol

- thamnose

+ + + + + + + + + + + + + o+ + o+

- palatinose

- erythritol

- melibiose
- glucuronate

- melezitose

+ 0+ 4+ o+

- gluconate

- levulinate -

+

- mannitol
- lactose -
- inositol
- glucose

- sorbose

+ o+ o+ o+

- glucosamine

Remark : + = Positive Reaction - = Negative Reaction

Tested by : Thailand Institute of Scientific and Technological Research (TISTR).
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Characteristics of Corynebacterium urealyticum

Test Result

NITrat(e) -

PyraZinamidase +

Pyrrolidonyl Arylamydase -

Phosphatase Alcaline +

beta GlucURonidase -

beta GALactosidase -

alpha GLUcosidase =

N-Acetyl-Glucosaminidase -

ESCuline -

UREase +

GELatine _

GLUcose -

Control(e) =

GLUcose -

RIBose -

XYLose {

MANnitol 5

MALtose -

LACtose -

SACcharose -

GLYcoGene 3

CATalase/Katalase T

Identification from API Coryne : Corynebaxterium urealyticum
Remark : + = Positive Reaction
- = Negative Reaction

Tested by : Department of Medical Science, Ministry of Public Health .
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Value Label N

Temperature  1.00 25C 48

2.00 35C 46
Species 1.00 Corynebacterium 15

2.00 Cryptococcus laurentii 16

3.00 Mixed 16

4.00 Abiotic 47

Tests of Between-Subjects Effects
Dependent Variable: dbt(ppm)
Type III Sum of Mean
Source Squares df Square F Sig.
Corrected Model 1422 7 | 2.032E-02 6.395 .000
Intercept 4.645 1 4.645 1461.415 .000
TEMP * SPECIES 2.586E-03 3 | 8.620E-04 271 .846
TEMP 8.573E-04 1 8.573E-04 270 .605
SPECIES 141 3 | 4.685E-02 14.742 .000
Error 23 86 | 3.178E-03
Total 7.177 94
Corrected Total 416 93
a. R Squared = .342 (Adjusted R Squared = .289)
Post Hoc Tests
dbt(ppm)
Duncan®®*
Subset

Species N 1 2
Mixed 16 2244
Corynebacterium sp. 15 2300
Cryptococcus laurentii 16 2350
Abiotic 47 .3066
Sig. 591 1.000

Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares
The error term is Mean Square(Error) = 3.178E-03.

a. Uses Harmonic Mean Sample Size = 18.784.

b. The group sizes are unequal. The harmonic mean of the group sizes is
used. Type I error levels are not guaranteed.

C. Alpha = .05.
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