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The objective of this research work is to investigate the effects of
biologically produced surfactants (biosurfactants) on biodegradation of petroleum
hydrocarbons. In this study, biosurfactants were extracted from wastewater of
Bangchak and Thaioil petroleum refinery by using a procedure modified from Falatko
and Novak. Biodegradation of petroleum hydrocarbon (diesel oil) with bacteria in both
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Thailand is a country in Southeast Asia having a rapid rate of economic growth
and is becoming a so-called newly industrialized country. This development has
changed the export products from basic agricultural to secondary agricultural and Light
industrial goods, while imports of raw materials and industrial products have changed
to produced and assembly industrial goods. According to trend, Thailand needs more a
sharp increasing demand in energy consumption and most of all, petroleum
hydrocarbons particularly oil. The demand for this highly valuable energy source is
rising steadily. This has led to a host of problems, one of which is always of major
concern - oil spill , slop oil (are illicitly) and oil contaminated environment from the
human activity. _

Oil spills are rarely caused by major organization (petroleum refinery
companies). Because they have to adopt measures to minimize oil pollution in order to
protect the well-being of the general public. which possess the people to deal with
such accidents. But small organizations (sometime unknown sources) can also be
involved in several processes, e.g. the discharge of oily wastewater from cargo,
garage, seaport, oil storage, leakage from the oil tanker and also discharge from the
ships during the cleaning process at territorial waters. All of these consequently cause
various damages to the environment. Some of them wash up on land where it damages
coastlines and spoils scenic tourist areas. Oil spill vast catastrophe is large damage not
only bay shore residents but also other people in different areas as well because all of
these seashores are tourist and recreational area, which is the problem in eastern coast
of Thailand for many years.

1.2 Background and Statement of Problem

From the past several years, Social awareness of environmental problems and
the need to reduce sources of environmental contamination and to clean up wastes in
Thailand has been increasing. Since early 1990s, legislation and creation of
environmental agencies signaled the beginning of an environmental policy in the
Thailand. But Thailand is in fact considered to be especially vulnerable to damage from
industrial and domestic pollution, according to the shore of Eastern Seaboard



areas have continued to release annually a quarter of a million tones of slop oil from
unknown sources annually into the Gulf of Thailand , The most frequently is spilled
oils cause by unregulated management of a pollution prevention regulatory. Spilling
and leaking of oily substances are among the most common pollution’s problem in
this areas.

Petroleum hydrocarbons on surface environments are often difficult to remove
because they will adsorb to surfaces and can be retained by capillary action as an
immiscible, separate phase. To counter these effects, surfactants have been proposed
for the removal of adsorbed compounds from soils and the mobilization of separate-
phase, immiscible petroleum hydrocarbons. (1)

1.2.1 The Clean-up Operation of Petroleum Hydrocarbons in Thailand

At the absence of a national oil spill contingency plan in Thailand, the oil
companies joined hands in 1970 in a “self-help” organization (called Oil Industry
Environmental Safety Group or IESG) for mutual assistence.

The level of responsibility depends on the quantities and location of the
petroleum contamination (oil spill). There are three levels as follows:

First: if an oil spill occurs in a harbor area and the quantity is not more than 10
tons, it will be the oil trade operation to deal with the problem.

Second: for a medium quantities between 10 and 100 tons, occurring near the
shore-line, and if the problem is beyond the operator's ability to deal with it single-
handedly, the national agency concerned will step in.

Third: for a large spillage of approximately 100 tons or more occurring in the
sea, 1t become the responsibility of a regional aganisation level (international-level
agencies) such as EARL (East Asia Response Private Limited ). Which is including
Thailand's IESG.

1.2.2 Petroleum Hydrocarbons Removals

There are numerous treatments applicable to oil spill and the choice of any
specific treatments depends on the circumstances of petroleum contaminated and the
quantities of these to remove from the environment. There are three options:

Firstly, Physical processes which involved a wide variety of separation
techniques that have been commonly clean-up equipment practiced throughout oil
spill for decades, such as booms and skimmers are used for oils and grease collection.
Whenever an oil spill, physical separations considered first because it is generally a
cost-effective method and the least complicated. The volume of oil contaminated
levels are an important criteria in the selection of the process. High volume with high
densities generally are much easier to remove than low concentration.

Secondly, Chemical processes in which a kind of chemical; Dispersal, either
natural or using chemical dispersants, is used to redistributes the oil into small as
droplets to ease in the water column and speed up further biodegradation.

Finally, Biological processes in which the activities of the naturally occurring
microorganisms are used to degrade oil spills. Biological process used in the final after



Physical and chemical processes and also be used to advantage in by-product-recovery
to the environment. In this process, the microbes take in oil contaminants which are
made up oxygen and inorganic mineral nutrients, thereby leaving behind only carbon
dioxide and water. Biological processes in which method: Biodegradation and
Bioremediation (accelerated by a pure oxygen dissolution and fertilizer treatment).

In Thailand, physical and chemical processes have been already widely used to
manage oil spill and have board acceptance from the petroleum companies. Since a
large quantity of petroleum waste or spill still physical, many low intensity chemical
methods such as Corexit and biodegradation (natural cleaning) finally.

1.2.3 Development of Biodegradation to Petroleum Hydrocarbons
Problems

In natural conditions, there are many variation of living-organisms to balance
ecological system. Unfortunately, Petroleum hydrocarbons contamination, dumping of
oil in the gulf and oil spills have a variable and constantly changing environmental
system e.g. marine and seashore. In the case of large coastal spills there may also have
some effects on many species of birds and mammals, although these are usually less
drastic than the short-term effects on inter tidal organisms. But it is essential to take
natural fluctuations and declines of microorganisms in contaminated area. After both
physical and chemical processes, biological processes also offers the potential for
complete destruction of the petroleum hydrocarbons. Biological processes with
microbial degradation being particularly important for the eventual disappearance of oil
in by-product-recovery to the environment. But these processes are very slow because
natural selection has been slow to yield microbes that degrade oil spills and
microorganisms are not present in sufficient density at contaminated areas. The natural
microflora may be supplemented with organisms having appropriate degradative
functions. Many researcher are taking increasingly sophisticated approaches to obtain
monoculture bacteria with improved catabolic ability by mutating the wild type of
bacteria with genetic engineering (such as combining cloned genes from different
catabolic pathways) in bioremediation. Many researches are development and
application of bioremediation by improving the substrate ranges and catabolic
effectiveness of microorganisms. Extensive biodegradation has been demonstrated by
bacteria in studies with oil spill is no longer favorably viewed by the public. Permanent
destruction of the oil spill is the ultimate goal of any remediation activity. Interest in
biologically produced surfactants (biosurfactants) has increased considerably more than
10 years, especially due to their potential application in enhanced oil recovery. It based
on their application as agent for micellar flooding, emulsification and viscosity
reduction of heavy crude oils (2). Although, previous works are only interested in the
activity of monoculture as the high yield of biosurfactants are normally obtained and
also easily purified. But in all situation which usually has mixed culture, all
microorganisms can also produce biosurfactants depending on type of activators (oil).
Therefore, a situational model of petroleum refinery wastewater treatment plant in
which oil contamination regularly occurred, should be to studied alternatively.



As previously mentioned, it is useful to investigate petroleum refinery
wastewater treatment plant to see if bacteria can produce biosurfactants and promote
biodegradation of waste oil. Therefore, the emphasis of this work will be on the effects
of biosurfactants from petroleum refinery wastewater on biodegradation of selected
petroleum hydrocarbon.

1.3 Objective of the Study

The objectives of this work are as follows:

1.3.1 To study the effects of biologically produced surfactants (biosurfactants)
which extracted from the biological treatment of petroleum refinery wastewater.

1.3.2 To study the biodegradation of Petroleum hydrocarbons in the presence
of biosurfactants on mixed microbial population.
1.4 Scope of the Study

The study is carried out on laboratory scale involving a two-step approach.

First, Extraction of biosurfactants (surface active compounds) from the aerobic
and anaerobic process of petroleum refinery wastewater namely.

Aerobic processes of Thaioil petroleum refinery wastewater (Figure 1)

This process has less concentration of petroleum hydrocarbons and the
placing samples are:

- Equalization tank
- Biotreater? tank

Anaerobic processes of Thaioil petroleum refinery wastewater
(Figure 1)

Which has high concentration of petroleum hydrocarbons
- Oily sludge thickener tank

Aerobic and anaerobic processes of Thaioil petroleum refinery
wastewater (Figure 1)



- DNB (Biotreaterl) tank : The DNB (Biotreaterl) is divided
into two compartments where the first and the second compartments were designed as
an anoxic (facultative) zone and aeration zone respectively.

Aerobic processes of Bangchak petroleum refinery wastewater which
placing samples at:
- Aeration pond (The Activated sludge process)

Second, Biodegradation of selected petroleum hydrocarbon (diesel oil).

This part is a study on the effects of the biosurfactants on biodegradation of
petroleum hydrocarbons in the presence of mixed microbial population bacteria.

The petroleum hydrocarbons used in this experiment is diesel oil under
conditions namely diesel oil from general fuel station which may be added the additive
substance to enhance the performance of the products as commercial.

1.5 Expected Result

Biosurfactants increase ability of diesel oil to solubilize (oil-in-water emulsion)
in the micellar phase and promotion of the rate of biodegradation of petroleum
hydrocarbon with mixed microbial population bacteria.

1.6 Definition

Petroleum hydrocarbons

McGraw-Hill Concise Encyclopedia of Science & Technology defined as

Naturally occurring oily, flammable liquid composed principally of
hydrocarbons and constitute 50-98% of petroleum, and the remainder is composed
chiefly of organic compounds containing oxygen, nitrogen, or sulfur and trace amounts
of organo-metallic compounds.

The hydrocarbon type found in petroleum are:

- Aliphatic hydrocarbons: carbon atoms are joined in open chains structure and
consisting of the paraffin, olefin, acetylene hydrocarbons and their derivatives.
Aliphatic hydrocarbons can be classified as
1) Alkanes (CyHop42)
2) Alkenes (C,Hpp)
3) Alkynes (C,H2p2)

- Alicyclic hydrocarbons: combining the properties of aliphatic and cyclic
compounds.



- Aromatic hydrocarbons: of, relating to, or characterized by the presence of at
least one benzene ring structure CgHg.

Aromatics are chemically defined here as the class of compound that contain a
closed benzenoid ring of six carbon atoms, but the term aromatic is also applied to ring
compounds that contain heteroatoms and have a fully conjugated double bond system.
Aromatic compounds may also have more than one ring in their structure and
additionally, have aliphatic chains or rings attached to one or more of the basic
aromatic rings. This latter category is of great importance when the aromatic content
of diesel fuel is considered. The majority of the hydrocarbons in diesel fuel have
between 10 and 20 carbon atoms and if this were single-ring compounds then the
aliphatic portion could contain from 4 to 14 carbon atoms. This means that any
molecule considered aromatic could include a non-aromatic part either equal to or
greater than the actual aromatic portion. The level of aromatics that is measured is,
therefore, dependent on what is defined as aromatics and the technique used to obtain
the information. There are two widely used terms relating to aromatics in petroleum
fractions and these are aromaticity and aromatic content.

Degradation
1s any process by which the structure of a compound is simplified.
Biodegradation

Defined as destruction or breakdown of chemical compounds by the biological
action of living micro-organisms and can be classified into 3 levels as

1. Primary a change in the chemical structure of a substance resulting in loss of
a specific property of that substance.

2. Envimentally acceptable degradation to such an extent as to remove
undesirable properties of the compound. This frequently corresponds to primary
biodegradation. But may vary depending on the circumstances under which the
products are discharged to the environment.

3. Ultimate. The complete breakdown of a compound to fully oxidized
(aerobically) simple molecules (e.g. COy, HyO, NO3~, NHy4") and the formation of
new cells.

Biodegradability
Is the capacity of a substance to undergo microbial attack
Bioremediation
The activities of the naturally occurring microorganisms in the environment

were accelerated by a pure oxygen dissolution system installed at the site to convert
hazardous organic contaminants into non-toxic materials.



Bioremediation processes are an extension of the carbon cycle in which organic and
inorganic forms of carbon are cycled through oxidation and reduction. These processes
can be applied in-situ or ex-situ and include both natural and enhanced bioremediation.
Natural bioremediation employa indigenous microorganisms that use available
nutrients and electron acceptors (such as oxygen). Enhanced bioremediation
accelerates the rate of contaminant degradation by adding electron acceptors,
nutrients, or other limiting substances. An array of innovations has been developed to
adapt this technique to site remediation and oil spill treatment.

L

Biosurfactants

Biosurfactants are surface active agents produced by certain types of
microorganisms during growth on insoluble substrates.(3)
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CHAPTER 11

LITERATURE REVIEW

2.1 Microorganisms Degradation of Organic Materials

Degradation of organic materials in natural environments is mediated primarily
by two groups of microorganisms: bacteria and fungi. Bacteria represent a widely
diverse group of prokaryotic organisms with ubiquitous distribution throughout the
biosphere. Bacteria are found in all environments containing living organisms. This
does not imply, however, that all strains of bacteria are found in all environments.
Bacteria are small and morphologically simple, lacking the internal membrane-enclosed
organelles typical of eukaryotic organisms such as fungi, protozoa and algae.

Microorganisms break down organic compounds for carbon and energy
through a complex series of coupled oxidation-reduction reaction termed catabolism.
In this process, electrons are removed from and added to intermediates along the
pathway. The energy released in these reactions is conserved in the form of high-
energy phosphate bond of ATP for use in fueling biosynthetic reactions.

2.1.1 Biodegradation by Bacteria

Bacteria have several characteristics which have allowed them to be a
successful group of organisms. These characteristics-rapid growth and metabolism,
genetic plasticity, and the ability to adjust rapidly to a variety of environments-are also
the factors which make microorganisms so useful in bioremediation. For example,
some species of microorganisms such as members of the genus Pseudomonas, are
capable of metabolizing any of over 90 different organic compounds as a sole source
of carbon and energy (4). It is generally recognized that bacteria; heterotrophic,
activity in environments is concentrated in biofilms, and that adsorption/desorption of
organic pollutants between aqueous and particulate phases play important roles in the
process. In some cases, the addition of sediments accelerates biodegradation. The
effects are probably organism- and/or pollutant-specific. On the other hand, there is
growing consensus that the addition of surfactants (synthetic or natural) to aqueous
enhances the rate of biodegradation of hydrocarbons. Such enhancement is invariably
attributed to solubilization of the substrate thus allowing bacteria access to the
substrate in the liquid phase. No doubt this is an important contribution, but a further
possibility which appears to have been ignored is that the added surfactant stimulates
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attachment of bacteria to sediment particles, thereby bringing substrates and competent
organisms together but at the solid-liquid interface. This scenario would not only be
consistent with observations that most of the heterotrophic activity in rivers arises from
surface-associated micro-organisms, but would also account for the reported situation
where added surfactant stimulates biodegradation but not desorption of the substrate.
In Cardiff, Researcher have observed that addition of biodegradable surfactants
stimulates bacterial attachment to sediments, and that currently considerable interest in
factors affecting the rates of microbial biodegradation of hydrocarbon pollutants in
environments. The availability of the hydrocarbons is controlled by the area of
hydrocarbon/water interface. Surface microorganisms must exist in the hydrocarbon
phase.

2.1.2 Mechanism and the Products of Reaction of Heterotrophic Bacteria
Heterotrophic microorganisms are present in both aerobic and anaerobic
processes. There are microorganisms which require organic substances as plastic

cellular material and as a substrate for energy production.

Heterotrophic microorganisms

Aerobic Anaerobic
Oxidative degradation Degradation by fermentation
- Production of cellular protoplasm - Energy for the
- Energy for the oxidative synthesis degradative formation

of CO2,HyO as well as of CO2,HyO,CH4,NH3 and
strongly oxidizing anions other generally combustible
(NO»~,NO3~ etc.) hydrides.

The use of biological processes is a low maintenance, cost effective method of
removing components. An effectiveness in biological treatment of biodegradation over
physical and chemical separation techniques is that the petroleum hydrocarbons are
altered to non-toxic material or mineralized to CO» and biomass.

2.1.3 Biodegradation of Petroleum Hydrocarbons.

There has also been an interest in the ability of bacteria to degrade petroleum
hydrocarbons under the presence of biosurfactants.

Petroleum’s may be classed as a toxic organic, it is a naturally occurring
material and is biodegradable, given enough time. Petroleum in its natural state is a
very complex organic material containing a large number of separate compounds
(various structural configurations), each of with seem to have it own effect on the
biosphere. These effects are not too known and opinions within the scientific
community range from one extreme to the other with respect to the toxicity of the
material. It is aesthetically displeasing if nothing else.
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Petroleum hydrocarbons in subsurface environments are often difficult to
remove because they will adsorb to surfaces and can be retained by capillary action as
an immiscible, separate phase. To counter these effects, surfactants have been
proposed for the removal of adsorbed compounds from soils and the mobilization of
separate-phase, immiscible petroleum hydrocarbons (1).

When petroleum (oil) is spilled in the environment, low molecular weight
compounds may be lost by volatilization. The larger polycyclic aromatic hydrocarbons
and heterocycles remain, and their ultimate environmental fate may be determined by
microbial degradation. |

Although the ability of microorganisms to degrade hydrocarbons has already
been known since the beginning of this 20th century, the intensive study of these
problems continues to develop only at present. This is due to the massive
environmental pollution by crude oil and its products. According to Higgins and Burns
(5), 10 million tons of crude oil and its derivatives get into sea water annually. A
slightly lower figure is given by Dumenil et al.(6) who report that 63 x 109 kg of
petroleum hydrocarbons are spilled into the ocean every year as a result of chronic
and/or accidental pollution.

In addition to the species of microorganisms already mentioned, bacteria of the
genus Nocardia, yeast of the species Candida utilis, higher fungi from genus
Penicillium (5),as well as actinomycetes and flavobacteria(7) are of significance in
degrading crude oil and its derivatives. Approximately 20% of known species of
microorganisms are capable of degrading hydrocarbons to a lesser extent. Among the
microorganisms degrading hydrocarbons examined there were bactena of the genus
Pseudomonas. Pseudomonas are the most thoroughly examined bacteria with the
ability to degrade hydrocarbons. Some species are also capable of cleaving aromatic
rings, the process involved being oxidative ortho-cleavage of benzoate, catechol and
their derivatives or meta-cleavage of phenol, cresol, catechol (8).

This phenomenon can thus be said to be prevalent and many research works
has been carried out.

Somerville et al.(9) had found the degradation of petroleum by bactena
Pseudomonas putida.

The biodegradation of crude oil by the bacteria Pseudomonas liquida, Ps.
minuscula, Ps. nebulonum, Bacterium aliphaticum and B. formosum were
demonstrated by Morozov and Nikolaev (10). Biodegradation activity exhibits an
optimum at pH 5-9 and temperatures of 20-28C. To support physiological activity of
microorganisms; it is of advantage to add easily oxidizable organic substances and
biogenic elements, such as nitrogen, phosphates and ammonium salts, into the medium.

Bertrand et al.(11) had described a process of crude oil degradation by a mixed
population in continuous culture and Further improvement of this method was
achieved by Dumenil et al. (6).

Previous work by Trzilova and Miklosovicova (12) showed the degradation of
crude oil hydrocarbons by an organotrophic bacterial group isolated from Danube
water; the highest mineralizing activity was found with the genus Pseudomonas and
with yellow-and violet-pigmented bacterial strains attempts made by Rittmann and
johnson(13) demonstrated the oil-degrading bacteria (up to 4.9 x 108/g soil)
significantly increased the initial rate of oil degradation in soil plots and only in all



12

experiments with oil at 40 mg/L of seawater, biological degradation eliminated the oil
from the surface sediment within 1-3 months.

2.1.4 Biodegradation of Aliphatic and Aromatic Hydrocarbons

Biodegradation in vitro studies were carried out on selected in aqueous
medium. The experiments were undertaken using the higher-relative-molecular-mass
compounds; e.g. phenanthrene, chrysene, benzo[a]pyrene and a series of n-alkanes.
Although n-C-17 proved too volatile, n-C-22 and n-C-30 were shown to be
extensively biodegraded, and these n-alkanes were degraded preferentially to the
polyaromatic compounds. Chrysene and benzo[a]pyrene were less affected by abiotic
losses but did not biodegrade significantly during a four-month incubation. A similar
experiment with diesel oil are also confirmed the above findings(14).

Bactenial degradation appeared to be the reason for the marked decrease in
short-chained alkanes(C11-C20) and also longer chained alkanes (C15-C32) (15). In
case of aromatic compound various organisms have the ability to oxidize aromatic
substrates and utilize the resulting aliphatic substrates in their intermediary metabolism
(16). This is evident as Cardinal and Stenstrom (17) found naphthalene and
phenanthrene were degraded in a variant of the activated sludge process.

2.1.5 Biodegradation of Diesel fuel and Lubricating oil

Microbial degradation of diesel fuel and lubricating oil was studied in artificial
soils. Soon after 1 week and until the end of the study (25 weeks) organic acids and
ketones which were not original components of the oils contaminating the soil samples
were identified. Predominantly alicyclic and branched-chain aliphatic organic acids as
well as diacids and aromatic ketones were formed by degradation. Further degradation
of these alicyclic acids was observed. Similar oxidized products were also identified in
actual contaminated soils (18).

Rittmann and Johnson,(13) work demonstrated that significant degradation of
lubricating oil occurred in the first day. In comparison of microbial degradation of
gasoline, jet fuel heating oil, diesel oil and bunker C oil at 17, 27 and 37°C in
laboratory microcosm. Song et al.(19) observed that hydrocarbon disappearance was
maximal at 27°C for all the petroleum hydrocarbons tested.

2.1.6 Biological Treatment of Petroleum Refinery Wastewater

Crude oil processed in the petroleum refinery industry is a complex mixture of
chemical compounds. Integrated refineries include many cracking processes,
particularly catalytic cracking and auxiliary processes which generate wastewater with
high concentrations of contaminants such as various phenolic compounds.
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Petroleum wastewater may include wastewater from refineries, petrochemical
plants, petroleum tankers, oil mining, filling stations, etc., containing petroleum and its
components.

Wastewater composition was classified in terms of oil and grease content, and
size of oil droplets in the oil-water mixture. The principal constituents in refinery
wastewater are range of hydrocarbons, both saturated and unsaturated, with a straight
chain, a branched chain or a ring structure and other constituents such as metals. In
this study, emphasis on only petroleum hydrocarbon.

Biological treatment is frequently the most economical means of reducing the
BOD, removing trace amounts of oil-like materials, improving the overall appearance,
and eliminating potential taste and odor problems, Burks (20) suggested that, although
the contaminants in oil refinery wastewater are actually lethal to aquatic organisms,
they can be removed by biological treatment. Although all deleterious contaminants are
not completely removed, the lethal effects can be eliminated using physical post-
treatment processes.

Most organic compounds in waste streams are subjected to degradation by
acclimatized microbial populations(21). Toxicity, temperature, pH, oil content,
nutrients and BOD are some of the factors which influence the biological treatment.

Sono and Futaka (22) found that excessive amounts of petroleum wastes are
toxic to biological systems. High temperature may kill bacteria and aquatic organisms
while low temperature decreases metabolic activity. Experimental results from Zobbel
(23) showed that microbial oxidation is most rapid when the hydrocarbon molecule is
in intimate contact with water and at temperatures ranging from 15 to 35°C. Most
biological system are pH-sensitive, and it is imperative that a pH range between 6.5
and 8.0 be maintained.

Oil retards oxygen transfer, deteriorates settling characteristics of biological

" sludge and increases the oxygen demand. Nutrients must be present in a BOD:N =
20:1 ratio. Microorganisms require available sources of C, N, P, S, Ca, K, Mg, Fe and
various trace elements to grow, and these elements are normally available in the
wastewater.

Attempts made by Purshell and Miller (24) demonstrated that aliphatic
compounds are oxidized more rapidly than aromatic compounds. Long-chain
hydrocarbons are more susceptible to bacterial oxidation than normal-chain
homologues.

Davies (25) found that a dozen different genera and more than 50 species of
microorganisms have been shown to utilize one or more types of hydrocarbons. The
results as above mentioned suggest that bacteria can attack various kind of
hydrocarbon such as methane, ether, gasoline, kerosene, tars, paraffin wax, benzene,
xylene, mineral oil, lubricating o1l and cyclohexane. '

El-Abagey and Moursy (26) shown that faecal streptococci played a significant
role in the biodegradation of hydrocarbons. Streptococcus faecalis and Escherichia
coli can survive in petroleum-contaminated tropical marine waters. A mixed culture is
certainly more effective than a pure bacterium in the biodegradation of petroleum
refinery wastewater. This can be attributed to the presence of different organic and
inorganic compounds in refinery wastewater, hence requiring different types of
bacterial strains for their biodegradation.

39520
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There was some evidence reported by Davies and Hughes (27) that both
agitation and aeration accelerate the biodegradation of oils, because agitation increases
the surface area of the oil droplets and also oxygen solubility. This is important
because molecular oxygen is essential for the first step in the breakdown of

hydrocarbons by oxygenase enzymes.
2.2 Surface or Surface-active-Agent

Surfactants have the ability to increase aqueous concentrations of poorly
soluble compounds and interfacial areas between immiscible fluids, thus potentially
improving the accessibility of these substrates to microorganisms. However, both
enhancements and inhibitions of biodegradation of organic compounds in the presence
of surfactants have been reported (45). The mechanisms behind these phenomena are
not well understood. To better understand the factors involved and the current state of
knowledge in this field, a search of the literature concerning the influence of
commercial surfactants and biosurfactants on microbial metabolism has been
conducted. Factors pertaining to surfactant-substrate interactions such as
emulsification, solubilization, and partitioning of hydrocarbons between phases, all of
which can influence accessibility of substrates to microorganisms, are of concern. Also,
due to the direct interaction of surfactants with microorganisms, it appears that steric
or conformational compatibility of surfactants with cell membrane lipids and enzymes
is an important metabolic factor. Weaknesses in the general data base are evident,
such as the lack of research involving Gram-positive organisms and ionic surfactants. It
is also worthy to note that research involving commercial surfactants and mixed
microbial cultures has shown a correlation between inhibited biodegradation of
hydrocarbons and surfactant concentrations above the critical micelle concentration.
This is a significant point of interest when remedial efforts involving indigenous
organisms in natural environments are being considered(28). Microbial degradation of
certain hydrocarbon contaminants been demonstrated to be facilitated by the
simultaneous production of biosurfactants incontrast synthetic surfactants have been
shown to inhibit microbial activity when added to the environment in high
concentrations (3).

2.2.1 Bioelogical Surfactants

Biosurfactant production is enhanced by growth of the microorganism on
certain water-insoluble carbon substrates including alkane hydrocarbons. A vanety of
biosurfactants have been characterized from bacteria (29). Most of it is produced in the
late exponential phase of growth.

Biosurfactant molecules are cell wall associated and are also secreted into the
surrounding media and have been shown to have physical characteristics similar to
synthetic surfactants(29). Such extracellular and cell wall associated molecules have -
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the potential to promote cellular attachment to hydrophobic surfaces, to affect the
distribution of cells between oil and water phases, to emulsify water-insoluble
substances, and to mediate transport of hydrophobic substrates across the cell
membrane (30). Biosurfactants may act similarly to dissolved or colloidal organic
matter, which adsorbs or binds hydrophobic compounds (31). When associated with
the cell, they promote transport across the membrane and, as extracellular compounds,
they solubilize the substrate. Mixtures of biosurfactants and polymeric bioemulsifiers
have also been shown to increase the use of insoluble hydrocarbons. Bioemulsifiers
emulsify the hydrocarbon, increasing it's surface area, and biosurfactants increase the
solubility and cellular uptake of the hydrocarbon (32).

2.2.2 Composition of Biosurfactants

Microbial biosurfactants produced are comprised of a wide variety of chemical
structures including glycolipids, lipopeptides, phospholipids, fatty acids, neutral lipids,
and certain polysaccharide-protein complexes. Two of the most common groups
among biosurfactants are glycolipids and phospholipids with properties resulting from
polar and apolar groups on a single molecule (33). These two types of compounds also
compose a major portion of the cell membrane in microorganisms, forming a double
layer of lipids with the hydrophilic end groups at the inner and outer edges of the
membrane (34). Glycolipids contain the dimeric sugar sophorose and a long-chain
carboxylic acid with a hydroxyl function on the penultimate or terminal carbon. In
most of the structures the acid is attached to the carbohydrate by the hydroxyl group,
leaving a free carboxyl function. It has been demonstrated that these lipids have
biosurfactant properties. Biosurfactants include a hydrophilic and a water-insoluble
structural component. The hydrophilic component generally consists of either a
carbohydrate, a hydrophilic amino acid such as glutamate, aspatate, lysine, or arginine,
or a hydrophilic peptide. The water-insoluble portion frequently consists of either a
lipid structure, an isoprenoid structure such as a cholesterol, or a hydrophobic amino
acid or peptides including amino acids such as phenylalanine, leucine, isoleucine,
valine, or alanine. The range of biological elements which may be combined to yield
the amphiphilic biosurfactant structure is enormous, and new biosurfactant molecules
are still being discovered that incorporate previously undescribed structural elements.

2.3 A Variety of Biosurfactants Produced by many groups of Bacteria

A variety of biosurfactants have been characterized from bacteria, It has been
demonstrated that these biosurfactants have surfactant properties.

2.3.1 Biosurfactants produced by Pseudomonas s(p) LS(1) under
different carbon sources
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Type of bacteria Pseudomonas s(p) LS(1)
Sources of carbon Different carbon sources

Microbes have been isolated from contaminated soil and wastewater by
enrichment culture experiments for bioemulsifier production and cell free broth was
tested for bioemulsifier by measuring surface tension, emulsifying activity. One of the
strains, Pseudomonas s(p) LS(1), was studied in detail for the production of
bioemulsifier from different carbon sources for optimization of substrate concentration,
its application and characterization (35).

2.3.2 Biosurfactants produced by many group of bacteria under
petroleum as carbon sources

The production of biosurfactants to aid metabolism of the oil by
microorganisms is well established which the choice of hydrocarbons have been the
substrates. Biosurfactant production in certain Acinetobacter species(36) and
Pseudomonas aeruginosa (37) has been shown to decrease when glucose is added in
addition to alkane substrate

Type of bacteria Pseudomonas S-p LS(1)
Groups of petroleum hydrocarbons Aromatics
Biosurfactant Rhamnolipid

Pseudomonas s(p) LS(1) is capable of reducing surface tension of glucose
containing broth from 55 to 30 mN/m. The rhamnolipid production by Pseudomonas
S-p LS(1) may have potential for facilitating the bioremediation of contaminated sites
with water insoluble aromatics (35). '

Type of bacteria Pseudomonas
Groups of petroleum hydrocarbons Two alkanes
Hexadecane (liquid)
Octadecane (solid)
Biosurfactant Dirhamnolipids
A methyl ester form(dR-Me)
An acid form (dR-A)

The effect of rhamnolipid biosurfactant structure on the degradation of alkanes
by a variety of Pseudomonas isolates-was conducted. Two dirhamnolipids, a methyl
ester form (dR-Me) and an acid form (dR-A) have different properties with respect to
interfacial tension, solubility and charge. Solubilization and biodegradation of two
alkanes, hexadecane (liquid) and ,in different physical states, liquid and solid, were
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determined at dirhamnolipid concentrations ranging from 0.01 to 0.1 mM (7 to 70
mg/liter) (38).

Type of bacteria Pseudomonas aeruginosa ATCC

’ 9027
Groups of petroleum hydrocarbons Hexadecane CH3(CHp)13CH:CHy
Biosurfactant : Anionic rhamnolipid biosurfactant
Surfactant ‘ Alkyl benzyl sulfonate (ABS)
(39) ,

The-effectiveness of anionic rhamnolipid biosurfactant and a synthetic anionic
surfactant, in solubilizing hexadecane in multiphase systems (containing aqueous,
organic, and soil phases) is examined in the presence of varying concentrations. The
molar solubilization ratio (MSR) of the rhamnolipid is found to be approximately 20
times greater than the MSR of ABS for hexadecane. Differences in micellar structure
between the rhamnolipid biosurfactant and the ABS synthetic surfactant are proposed
to account for the increased ability of the rhamnolipid to solubilize hexadecane in the
micellar phase. (3)

Type of bacteria Pseudomonas aeruginosa
PG201(Gram-negative bacteria)

Groups of petroleum hydrocarbons n-hexadecane

Biosurfactant 16-kDa extracellular protein

Pseudomonas aeruginosa PG201 produces a 16-kDa extracellular protein in
media containing n-hexadecane as a carbon source. This protein was purified, and the
N-terminal amino acid sequence was determined. The amino acid composition of the
protein was found to be very similar to that of the so-called protein-like activator for
n-alkane oxidation (PA) from P. aeruginosa STB1. (R 62)This extracellular protein
was previously characterized and found to stimulate the growth of P. aeruginosa on n-
hexadecane and to possess emulsifying activity (40).

Type of bacteria Bacillus licheniformis, Strain BAS50
Groups of petroleum hydrocarbon  Petroleum from reservoir
Biosurfactant Lipopeptide surfactant

Bacillus licheniformis, Strain BAS50, isolated from a petroleum reservoir at a
depth of 1,500 m was grew and produced a lipopeptide surfactant. Surfactant
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production occurred both aerobically and anaerobically. The biosurfactant, termed
lichenysin A, (is a mixture of lipopeptides, with the major components ranging in size
from 1,006 to 1,034 Da) was purified and chemically characterized can be a decreases
the surface tension of water from 72 mN/m to 28 mN/m and achieves the critical
micelle concentration with as little as 12 mg/liter, characterizing the product as a
powerful surface-active agent (41).

Bacteria Pure bacterial cultures
Groups of petroleum hydrocarbons  Aliphatic and aromatic hydrocarbons
Biosurfactant Rhamnolipid

The oleophilic fertilizer Inipol EAP 22 and a microbial biosurfactant
(rhamnolipid) were investigated for their ability to increase the rate of biodegradation
of aliphatic and aromatic hydrocarbons by pure bacterial cultures. Both Inipol EAP 22
and rhamnolipid were found to lower the surface tension of a phosphate buffered
solution to 32 mN m(-1). Each surfactant dramatically increased the apparent aqueous
solubility of solid 2-methylnaphthalene, and were capable of emulsifying liquid
hydrocarbons. Biodegradation experiments were carried out with the TOL plasmid-
containing strain, Pseudomonas putida (ATCC30015); the OCT plasmid-containing
strain, P. oleovorans (ATCC29347); and an unknown naphthalene-degrading strain
(ATCC15075). Cells were grown under conditions where biodegradative enzymes
were induced before their utilization. Model studies were conducted to investigate the
ability of Inipol EAP 22 and rhamnolipid to enhance the rate of transport and uptake
of hydrocarbons into bacterial cells, and to assess the impact that increasing the
apparent aqueous solubility of hydrocarbons has on their rate of biodegradation. The
extent of rate enhancement of compound mineralization resulting from surfactant
addition was significantly greater for the sparingly soluble alkanes, hexadecane and
octadecane, than for the more soluble aromatics, toluene and 2-methylnaphthalene.
The results suggest that increasing the bioavailability of hydrocarbons to bacteria may
be a useful method to accelerate the rate of biodegradation at contaminated sites.

Lastly, the data supports the hypothesis that surface-active components present
in the oleophilic fertilizer formulation, Inipol EAP 22, may have significantly
contributed to the positive results reported in tests of remedial agent impact on
bioremediation, which was used as a supplemental cleanup technology on Exxon
Valdez crude oil contaminated Alaskan beaches (42).

2.4 Simple Method to Measurement of Biosurfactants

The appearance of surface active compounds in the culture broths grown on
hydrocarbons can be easily monitored by measuring the surface tension of the cell free
broth. It was found that yields of the biosurfactants were maximum at the time when
lowest surface tension values were recorded. Thus reduction of surface tension of the
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medium is a rapid method for assay of maximum biosurfactant formation prior to their
actual isolation (43). Biosurfactant production was directly correlated with biomass
production (44).

2.5 The Advantage of Biosurfactants

The biological produced surfactants seem to be a biodegradation process terms
of economics because raw materials used in the process i.e. activated sludge and
microorganisms can be collected and derived from the wastewater treatment of
refinery oil.

The use of microbially produced surfactants (biosurfactants) is an alternative
with potential for biodegradation of petroleum hydrocarbons. The advantage of
biosurfactants are

- Relative to synthetic surfactants for specific applications due to their
structural diversity

- Biodegradability

- Effectiveness at extreme temperatures, pH and salinity

- Non-toxicity of cellular

- Supports for effectiveness in biodegradation.

- Their small size, generally biosurfactant molecular weights are less than 1500.

- Have a wide variety of chemical structures. (39)

Application and use of biosurfactants during soil and aquifer remediation could,
therefore, include injection of biosurfactant solutions or the recirculation of
groundwater containing biosurfactants through zones of residual hydrocarbon
contamination.

It is evident that biosurfactants has considerable advantage in solving an
environmental problems where the residual hydrocarbon contamination is occurred



CHAPTER III

RESEARCH METHODOLOGY

1

This research work has been carried out in laboratory at Faculty of
Environment and resource studies, Mahidol University. Framework of this
experimental work shown.in Figure 2. It was divided into two parts namely extraction
part of biosurfactants from the biological treatment of petroleum refinery wastewater
and biodegradation part of petroleum hydrocarbon (diesel oil) by mixed microbial
population (sludge dewatering) from the petroleum refinery wastewater with extracted
biosurfactants.

3.1 Extraction Part

3.1.1 Materials and Instrument

- HDPE-Container 1,5and 10L.
- Flat-blade turbine mixture

- Over head mechanical mixture

- Centrifuge IEC Model centra-4

- Rotary evaporation

- Vortex mixture

- Oven

3.1.2 Solvent

Polar

- Methy! alcohol ; methanol
Non-polar

- Trichloromethane ; chloroform

3.1.3 Sample Collections.

Water samples were collected monthly in 5 liter HDPE-Containers from one
mechanical-biological treatment processes in the area of petroleum refinery. In case of
Bangchak Petroleum Company Limited, 1 sample was placing at aeration pond. For
Thaioil Company Limited, the 4 samples were taken at a time from Equalization tank,
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Schematic diagram of experiment
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Biotreater1, Biotreater2 and Oily Sludge Thickener. Collecting samples at both sites
were made twice on 28 March 1995 and 18 May 1995. Samples were a healthy and
extracted immediately when reached to the laboratory and after finished each step of
experiment, then all samples were stored at 4° C.

3.1.4 Sample Preparation.

Before extraction, wastewater samples were vigorously shaken to ensure
adequate mixing. The stage capacity was 1,000-3,500 mi of wastewater samples with
two flat-blade turbines at 200 rpm for 10 minutes.

3.1.5. Biosurfactants Extraction.

Biosurfactants were extracted from the samples of petroleum refinery
wastewater using a procedure modified from Falatko and Novak (47). The processes
in each stage were shown in Figure 3, samples were transferred and prepared into a 10
liter container and extracted with solution made form polar (methanol) and nonpolar
(chloroform) solvent at the ratio of 1:2 v/v and then mixed all of wastewater sample
with 200-700 ml of chloroform-methanol mixture. Samples were shaken for 5 hours at
room temperature ( 28°C ) in hood and transferred to a separator funnel. Standing for
a minute to separating the sample into three fractions; clear fraction - biosurfactants,
solid fraction - bacteria cells and chloroform fraction - oil and derivatives and then
subjected to further process.

The clear fraction which biosurfactants are soluble in methanol phase was
taken and then filtrate through a paper filter No.4 and further centrifuged in 4x200 ml
screw-capped centrifuge bottle TEC Model centra-4 at a relative centrifugal force
(RCF) of approximately 5,000 g for 30 minutes to obtain a clear liquid. The
supernatant of 500 ml was decanted into 1 L a round-bottomed flask (short-necked)
for solvent removing under reduced pressure (about 45-50 mm.Hg) by rotary
evaporation in order to obtain a concentrated biosurfactants residue. The resulting
residue was further dried under nitrogen at room temperature before weighting and
test the properties of biosurfactants.

Solid fraction or suspended solid of bacteria which is composed of bacteria cell
was reseparated using the same process as mentioned above. The separated cell pellet
was then washed twice with 300 ml of distilled water to bring out the solvent from the
cells by an over head mechanical mixer at 150 rpm. After washing, the bacteria cells
were recentrifuged to separate the precipitated bacteria cells from distilled water. The
distilled water in this stage was mixed with supernatant in biosurfactants fraction and
then biosurfactants extracted as above procedures. The bacteria cells after centrifuged
were completely dried at 90°C for at least 24 hours, then weighed and reported as the
value of MLSS. Some of dried cell was then subjected to further experiment of
petroleum hydrocarbon degradation with biosurfactant solutions produced
biodegradation part.

23
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A procedure of biosurfactants extraction.
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Chloroform fraction or oil and derivatives fraction containing in the layer of nonpolar
fraction were removed from chloroform using rotary evaporation until nearly dry and
then transfer to drying plate and put into oven at 50°C for 1 hour before weighed as
the value of oil and derivatives.

3.1.6 Analysis properties of biosurfactants

Biosurfactants were capable to decrease surface tension of water. Therefore,
the extracted biosurfactants could be tested by measuring surface tension and compare
with surface tension of water. A statistical analysis using t-test was perform for the
biosurfactants properties, which were defined as the correlation between the
biosurfactants concentrations and percent decreased surface tension of water.

3.2  Biodegradation Part
Biodegradation has been carried out in order to determine the ability of the

mixed naturally-occurring bacteria (sludge dewatering) to degrade Petroleum
hydrocarbon (diesel oil as the carbon source) with and without biosurfactants.

Experimental design
Days :
Treatment Total of flask
5 6 7 8 9
Control 1 1 1 1 1 s
With biosurfactants 3 3 3
Without biosurfactants 3 3 3 3 3 15

Note: Number in day mean number of replication
3.2.1 Materials

- Naturally-occurring bacteria;
Which were isolated from the petroleum refinery
wastewater in first section

- Biosurfactants

- Diesel oil: High speed diesel S.G. = 0.83

- Sieve / No. 6 U.S. Standard sieve

- Auto-pipette

- Sand
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3.2.2 Chemicals.

-K7HPOy;
-NH4NO3;
-MgSO-7H»O; and
-FeS0O4-TH7O.

3.2.3 Sand Preparation.

Sand used in this study was taken from Rayong beach and wash with water for
several times before drying. It was sieved through a No. 6 U.S. Standard sieve and
comprised nearly spherical grain of 3.36 mm. Before using them, sand particles were
acid washed in HNO; at pH 1.0, 24 hours, rinsed with deionized water, and then dried
at 105°C.

3.2.4 Nutrient Medium.

The nutrient medium which served both as mineral and energy source for
bacterial growth was used for diesel oil degradation studies (B+NP). It consisted of
inorganic nutrients such as ammonium nitrate and potassium phosphate, (NH4NO3
2,856 ppm =500 ppm N, KoHPO4 1,120 ppm =100 ppm P) and trace elements from
MgSO-7H»O and FeSO4-7H5O.

As the nutrient medium should have the C/N/P ratio of approximately 100:5:1
(wt) then the ammonium nitrate 2,856 ppm and potassium phosphate 1,120 ppm were
mixed and diluted to 1,000 ml with distilled water and autoclaved 30 minutes at a
pressure of 120 KPa.

3.2.5 Methodology

The biodegradation with naturally-occurring bacteria obtained from extraction
part with extracted biosurfactants and petroleum hydrocarbons (diesel oil) as an
additional carbon source was conducted. The experimental process was modified from
Rittmann and Johnson (14) and Diekmann and Hempel (48) and presented in Figure 4

The total flasks of 35 were used in this study. A constant weight of biomass
(naturally-occurring bacteria) of 125 mg (cell dry mass) used with 0.5 g of sand as a
support material were put into a flask (50 ml) containing 25 ml of nutrient medium
(liquid culture). Then pH was adjusted to 6.5-7.5 with either NaOH or HCl if
necessary. Only 15 flasks were mixed with biosurfactants and homogenized at a few
minutes using stirrer of ca. 300 rpm. Add diesel oil approximately 1% (0.25 ml) into
each of 30 flask (with and without biosurfactants) by auto-pipette and then shaken at
200 rpm for three minutes. The five remaining flasks without biosurfactants were used
as control. All flasks were further inoculated at room temperature for 4 days to
acclimated seed and present (about 4 days from experiment) the cell suspension to
aqueous solution volume ratio was approximately 1:10
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( 35 flasks 50 ml)
Cell dry mass 100 mg

+

Sand 2 g

Containing 25 ml of nutrient medium

Flask (50 ml)

solution volume ratio 1:10

sohution volume ratio 1:10

| Adjusted to pH 7
] Inoculated at room temperature
W (15 flasks ) W (15 flasks ) WV (5 ftasks )
[ With biosurfactants 100mg. | |  Without biosurfactants Control ]
Mixed and homogenized Mixed and homogenized Mixed and hemogenized
at ca. 300rpm at ca. 300rpm at ca. 300rpm
Auto-pipette of diesel oil Auto-pipette of diesel oil
0.10 mi (0.1 mL~0.08008 g) 0.10 mi (0.1 mL=0.08008 g) Shaken at 200 rpm
Shaken at 200 rpm Shaken at 200 rpm
Incubated until the cell Incubated until the cell Incubated until the cell
suspension to aqueons suspension to aqueous suspension to aqueous

solution volume ratio 1:10

Y

All flusks were shaken All flasks were shaken All lusks were shaken
vigorously all time vigorously all time vigorously all time
with vortex mixture or with vortex mixtare or with vortex mixture or
reciprocating shaker at 75 Hz reciprocating shaker at 75 Hz reciprocating shaker at 75 Hz
\ 4 \ 4
Take 3 flasks per day (5 days) Take 3 flasks per day (5 days)| | Take 1 flask per day (5 days) |
for measurements of oil for measurements of oil % ‘
remaining by remaining by Auto-pipette of diesel oil
an extraction method an extraction method 0.10 m1 (0.1 mL=0.08008 g)
+ + Shaken at 200 rpm
Measurements of oil
Data analysis loss in process by
an extraction method

Figure 4

A procedure of biodegradation studies.
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During inoculation all flasks (reactor) were shaken vigorously for 10 minutes
twice a day with vortex mixture or reciprocating shaker at 75 Hz for disperse the
sedimented cell until each reactor were taken for the measurements of remaining oil.

The measurements were made everyday for 5 days (5"-9™) after 4 days of
experimental initiation. In case of 5 control flask, diesel oil were added before oil
measurements.

The concentration of remaining diesel oil from biodegradation measured by
using the previous separation method. Before taking a sample, each flask was shaken
vigorously in order to haye a uniform mixture of sand and mineral medium, The
samples were transfer into a centrifuge tube and then spun for 10 minutes at 3,000 rpm
in a IEC centra-4 centrifuge in order to separate the bacteria cell from the solution
medium. The supernatant was taken for diesel oil extraction twice with equal volumes
of chloroform. The bacteria cells were washed three times with equal volumes of
chloroform in a separator funnel. The remaining diesel oil in sand were also extracted
sequentially three times with 20 ml of chloroform. All chloroform fractions were
pooled and evaporated using rotary evaporator at 60°C until dry and then wash off
with solvent to evaporating dish and dry in oven at temperature of 40°C for 10
minutes. Biodegradation results were obtain by comparing the total grams of oil
remaining from flasks without biosurfactants and flasks containing the biosurfactants
compound.



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Extraction of Biosurfactants

The extraction of biosurfactants were carried out using the samples taken from
Bangchak and Thaioil petroleum refinery wastewater. All samples were separated into
three fraction namely oil and derivatives, MLSS and biosurfactants (Figure 5-12).
Then biosurfactants was qualitatively verified by a lowering of surface tension of the
extracted sample and the results are presented in Figure 13-18.

Bangchak petroleum refinery wastewater treatment plant.

The results of both first (Ba/ae/1) and second (Ba/ae/2) collected samples from
Bangchak petroleum refinery wastewater (Aeration pond) are presented in Figure 5
and 6. It was observed that oil residue (23%) (oil and derivative) and MLSS (60%) of
Ba/ae/1 are greater than Ba/ae/2 (17% and 53% respectively). But the lower amount
of biosurfactants (17%) from Ba/ae/1 than Ba/ae/2 (30%) was found. This was
demonstrated that wastewater treatment condition in the Ba/ae/2 was more suitable for
bacteria in producing biosurfactants than Ba/ae/l (Figure 16). Therefore the
biosurfactants concentration of 1,267 ppm of Ba/ae/2 greater than 278 ppm of Ba/ae/1
while average concentration of mixed-sample was 993 ppm.

As the properties of biosurfactants can be measured in term of surface tension
comparing with surface tension of water. The results showed that the produced
biosurfactants from Ba/ae/1 has no properties in reducing surface tension of water as
the higher surface tension value of 0.08192 N/m comparing with 0.07275 N/m of
water. However, the capability of reducing surface tension of water at 15.66% is
appeared in the biosurfactants from Ba/ae/2 (0.06135 N/m).
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Ba/ae/l

Oil and derivatives (23%) BEMLSS (60%) [OBiosurfactants (17%)

Figure 5 The first collected sample from Aeration stage of Bangchak petroleum
refinery wastewater treatment plant (water excluding)

Ba/ae/2

OOl and derivatives (17%) B MLSS (53%)  [IBiosurfactants (30%)

Figure 6 The second collected sample from Aeration stage of Bangchak petroleum
refinery wastewater treatment plant (water excluding)
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Thaioil petroleum refinery wastewater treatment plant.

The results of the samples taken from the Equalization tank on 28 March and
18 May 1995 (Th/eq/1 and Th/eq/2) of Thaioil petroleum refinery wastewater are
shown in Figure 7 and 8 It is appeared that the composition of oil (16% and13%),
MLSS (5% and 8%) of both collection are slightly difference while the amount of
biosurfactants are equal (79%). As presented in Table 1, 5 and Figure 15, it can be
seen that the biosurfactants concentration Th/eq/1 and Th/eq/2 are different (1.608 and
1.212 g/L) but their properties in reducing00. surface tension of water are mostly the
same (16.76% and 15.49%). From this experimental data, it is indicated that the
biosurfactants from equalization tank are very well because this tank has aerators to
mix oxygen with all constituents (include oil and derivatives) to reduce sulfide by
groups of anaerobic bacteria for oxidation reaction and some groups of bacteria to
biodegradation of oil and derivatives in the same time.

In case of two samples from Biotreater 1 of Thaioil petroleum refinery
wastewater plant, it is observed that the amount of bacterial cell obtained from both
experiments are much higher (59% and 67%) than those samples taken from
Equalization stage (5% and 8%). The reason is that the more stable and enhanced
condition for bacteria growth in Biotreater 1, which have well the designed of aeration
zone having aerator supply systematically to provide advance secondary treatment of
ammonia removal. Although the promoted reaction in Biotreater 1 can give rise to the
high amount of bacteria but not for the bacteria group which can produce
biosurfactants and degrade oil and derivatives in form of micelles. As the results
shown in Figure 9 and 10, the biosurfactants from Th/biol/1 and Th/biol/2 are
appeared only 32% and 15%. However on account of biosurfactant concentration and
its properties, it is shown the concentration of 1.786 g/L and 0.938g/L, with ability of
reducing surface tension of 36.45% and 15.02%. These figures are proportionately
relative to the previous experiments.

For placing sample of Biotreater 2 (Th/bio2/2) of Thaioil petroleum refinery
wastewater treatment plant, it was collected only one on 18 May 1995. As the results
presented in Figure 11, the least amount of oil composition 4% in contrast to the
greatest amount of MLSS (76%) is observed. However, the biosurfactant
concentration and its properties in reducing surface tension of Th/bio2/2 (1.079 g/L
and 15.51%) are found to be similar to Th/biol/2 (0.938 g/L. and 15.02%). The
occurrence of this similarity might be due to the connective of those two treatment
unit where wastewater containing high concentrations of biological cell solid (MLSS
76%) flowing from inner tank of Biotreater 1 (Th/biol) to Biotreater 2 (Th/bio2). This
active cells, therefore produce a similar content of biosurfactant as the Biotreater 1
when the same time for placing sample is also evidence.

The results presented in Figure 12 are of the Oily sludge thickener (Th/tck/2)
from oily sludge tank that directly come from API separator and DAF (Dissolve Air
Flotation tank) of Thaioil petroleum refinery wastewater treatment plant. This sample
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Th/eq/1

[10il and derivatives (16%) BMLSS (5%)  [Biosurfactants (79%)

Figure 7 The first collected sample from Equalization stage of Thaioil petroleum
refinery wastewater treatment plant (water excluding)

Th/eq/2

FIMLSS (8%)  [1Biosurfactants (79%)

Oil and derivatives (13%)

Figure 8 The second collected sample from Equalization stage of Thaioil petroleum
refinery wastewater treatment plant (water excluding)
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Th/biel/1

E10il and derivatives (9%) EMLSS (59%) O Biosurfactants (32%)

ected sample from Biotreater 1 stage of Thaioil petroleum

: 9 The first coll .
Figure er treatment plant (water excluding)

refinery wastewat

Th/biol/2

O Oil and derivatives (18%) BEMLSS (67%)  [IBiosurfactants (15%)

Figure 10 The second collected sample from Biotreater 1 stage of Thaioil petroleum
refinery wastewater treatment plant (water excluding)
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Th/bio2/2

O Oil and derivatives (4%) EBMLSS (76%) O Biosurfactants (20%)

Figure 11 The second collected sample from Biotreater 2 stage of Thaioil petroleum
refinery wastewater treatment plant (water excluding)

Th/tek/2

Oil and derivatives (82%) EMLSS (0.2%)

Oily sludge cake thickener (18%) [ Biosurfactants (0.27%)

Figure 12 The second collected sample from Qily sludge thickener stage of Thaioil
petroleum refinery wastewater treatment plant (water excluding)
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was placed only once at the second collection on 18 May 1995. After water extraction,
most of oily sludge are composed of oil and derivatives (82%), sludge cake thickener
(18%) including the trace composition of MLSS (0.2%) and biosurfactants (0.27%). It
can be seen that the quantity of MLSS and produced biosurfactants are very low
compare to other samples. However those two figures are consistent. Although, the
composition of bacteria cells and biosurfactants are low but the concentration of
biosurfactants (1.114g/L) in reducing surface tension of water and its properties
(20.18%) are high comparable to other sample. This might be due to the tolerance of
the microorganisms living in this place causing them produce biosurfactant and use oil
as carbon source more effectively than the others.

In comparison to all samples (Figure 13), oil and denivatives concentration of
Th/tck/2 (340g/L) is superior to the other samples (< 1g/L%). Expansion of data
excluding Th/tck/2 were made and presented in Figure 14. It can be observed that
during amount of oil and derivative are regularly arising both MLSS and biosurfactant
are slightly fluctuate without considerable increase. This might be due to the promoted
conditions of wastewater at each sample site are difference causing irregularly
activation to bacterial group in oil biodegradation.

The relation between the extracted biosurfactants from each collected
wastewater and its properties in term of surface tension are presented in Figure 15. It
can be seen that the increase of biosurfactants concentration have slightly effects to the
surface tension property.

The results from Figure 17 showed the concentration of extracted
biosurfactants are in the range of 0.278 to 1.786 g/L. while the surface tension are
sharply reduced from 0.081 N/m to 0.046 N/m. However, most of the concentration of
biosurfactants produced from this work are about 1.0-1.2 g/L. with the surface tension
close to 0.060N/m.

In comparison to the surface tension of water (0.07275 N/m) the lower surface
tension of biosurfactants are mostly produced and consistent with the value obtained
from mixed sample. The only two samples of Th/biol/1 and Ba/ae/1 are ungrouped
and differ from most cases. The explanation of these results might be due to the highly
variation of biological condition in treatment process.

On the basis of the above results the comparable results in term of the
percentage of reduction from surface tension of water (Figure 18) approximately 15%
are observed. In addition, the statistical analysis the correlation between the
biosurfactants concentration (g/L) and its property at 0.9033 is shown.
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Figure 13 Show the composition of all samples
Source: Table 1 and 2 (in appendix)

5,000

4,000 -
3,000

2,000 -]

1,000

Th/eq/2 Th/bio2/2 Th/eg/t Ba/ac/1 Th/biol/1 Ba/ae/2 Th/biol/2

—&— Oil and derivatives (ppm) —— MLSS (ppm) —&— Biosurfactants (ppm)

Figure 14 Expansion the all composition of all sample exclude Th/ck/2
Source: Table 1 and 2 (in appendix)
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Figure 15 Show the relation of all sample between biosurfactants concentration
and surface tension
Source: Table 1 and 5 (in appendix)
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Figure 16 Comparison of biosurfactants and surface tension of Bangchak petroleum
refinery wastewater between the first and the second collection and

compare with mixed-all sample
Source: Table 1 and 5 (in appendix)
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Figure 17 Show the biosurfactants concentration of all samples and its surface

tension
Source: Table 1 and 5 (in appendix)
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Figure 18 Show the biosurfactants concentration of all samples and its properties
(% reduced surface tension of water)

Source: Table 1 and 5 (in appendix)
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4.2  Effects of Biosurfactants on Biodegradation

The experiments were carried out using 35 flask contaiming with 0.1 ml
(0.08008 g) of diesel oil in each flask, The effects of biosurfactants on biodegradation
comparing between with and without biosurfactants were examined. Results from
Table 6 (in appendix) showed that biodegradation of diesel oil with added
biosurfactants ( at about 4 g/L ) changed the rate of biodegradation from 0.01004 g to
0.02200 g, 0.01681 g to 0.02523 g, 0.01732 g to 0.02543g, 0.01766 g to 0.02571 g,
and 0.02882 g to 0.03196 g on the fifth day to the ninth day. It can be concluded that
biosurfactants stimulated the activity of mixed bacteria cell due to the fast increase of
diesel oil biodegradation about 15% in the fifth day, 10% in the sixth, seventh, and
eighth day and 4% in the ninth day of the last stage of experiment. However, the
biodegradation in the presence of biosurfactants is greater than the biodegradation
with only naturally-occurring bacteria without added biosurfactants.

The comparison of diesel oil biodegradation with both presence and absence of
biosurfactants are shown in Figure 19. The biodegradation of both case are slightly
increase after fifth day. It is generally believed that the rapid rate of biodegradation
have probably occurred since the first four days. From this Figure we can see the
incomplete cycle of biodegradation. This might be due to unpredictable reason of
reaction control. Base on the above results it seems reasonable to state that the
process of mix cultures microorganism is relatively slow. However the biodegradation
rate can be improved by adding the biosurfactants.
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Figure 19 Comparison of percent biodegradation between biodegradation with and

without biosurfactants
Source: Table 6 (in appendix)



CHAPTER V

CONCLUSION AND RECOMMENDATION

As this study focused on the biologically produced surfactants from
Bangchak and Thaioil petroleum refinery wastewater treatment plant. The following
conclusion and recommendation can be drawn:

5.1 Conclusion

All sites of petroleum refinery wastewater treatment plant have mix-culture of
bacteria can produce biosurfactants with appropriate degradative functions. Extraction
of biosurfactants from the Biotreater 1 has the most ability to reduce surface tension of
water to 0.046 N/m or 36.45% while another have capability of reducing surface
tension of water (0.072 to 0.060 N/m) approximately 15-20%. On the basis of these
result it can be suggested that Biotreater 1 is the most suitable for biosurfactants to be
produced.

The assay of the property of biosurfactants for diesel oil degradation were
experimented by mixed bacteria from the extraction of biosurfactants processes. In
comparison to the corresponding natural processes, the reactions with and without
adding produced biosurfactants were performed. This biodegradation strategy has
been actually modeled from the real situation to laboratory-scale. In order to make a
starter the mixed-bacteria( 1g of MLSS/oil 160 ppm) cells were firstly grown in a
buffer solution with diesel oil as the sole carbon source (cells grown on nutrient
medium which served both mineral and energy source). These resuspended cells were
then shake-incubated with diesel oil until the cell suspension to aqueous solution
volume ratio was approximately 10:1. As we know that the long term rate of
degradation the more available or biodegradable components of the oil were removed.
However, the faster removal rates would be obtained if the diesel oil was inoculated
with microorganisms and biosurfactants. Improved microorganism contact and
dispersant effectiveness apparently were responsible for the rapid rate in reactors. The
increased rates demonstrated the potential value of adding a large , acclimated
inoculum and providing good mixing and dispersion to make the oil more available to
the microorganisms.

The decrease in hydrocarbon concentration was logarithmic with time.
Therefore, the rapid degradation could be occurred in the with biosurfactants reaction
with diesel oil (concentration 800 ppm). It is found that the degradative was over
27.47% (of the initial weight) in five days and increase to 39.91% in nine days (at the
end of the experiment) while the diesel oil (fuel oil) without biosurfactants was only
12% and 36% respectively. On the basis of these results, the biodegradation efficiency
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was initially greater than 15% within a few days while only 10% and 4% were
observed in the middle and last stage showing that biodegradation of diesel oil in
reactor were decreased more slowly after the fifth day. Therefore, it does seem
reasonable that the biosurfactants have effected on petroleum solubility and availability
as long as the biosurfactants are exited to maintaining oil-in-water emulsion.
Therefore, it is reasonable to say that the biosurfactants changed the physical
properties of oil and water surface providing increased ability of diesel oil to solubilize
in the micellar phase and catabolic effectiveness of microorganisms.

This seems logical that natural biodegradation has been limited to degrade oil
and derivatives. But this experimental data is at once suggested that biosurfactants may
be useful for in situ biodegradation as the adding biosurfactants in this study account
for the solubility and bio-availability to increase microbial reactions rate, particularly the
physicochemical mechanisms. )

5.2 Recommendation

This research work should be consider as the primary investigation research. It
is expected, therefore, that and uncovering issues still remain and are necessary to be
proved. These followings issues are believed to be important to merit future studies:

(1). The initial and final time interval of biodegradation process should be
expanded especially during the first four days of incubation. Delay time of
biodegradation to the ultimate process is also recommended.

(2). Using the effect of biosurfactants on the petroleum contaminated soil
should be further studied.

(3). Extraction of biosurfactants using vegetable oil as carbon source is
recommended.
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Table 7 Composition of petroleum products
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Product Major components
Gas Normal and branched-chain alkanes. One to five carbons in length
Examples: ethane, propane.
Gasoline Normal and branched hydrocarbons between 6 and 10 carbons in length

Kerosene/diesel fuel no.1

Light gas oils

Heavy gas oils and light
lubricating oils
Lubricants

Asphalts

Cycloalkanes and alkyl-benzenes are also present.

Primarily 11 and 12 carbon hydrocarbons. Both normal and branched
hydrocarbons are present. Normal alkanes usually predominate.
Cycloalkanes and aromatic and mixed aromatic cycloalkanes also present.
Generally contain low to nondetectable levels of benzene and polyaromatic
hydrocarbons. Jet fuel oils have a similar composition.

Twelve to 18 carbon hydrocarbons. Lower percentage of normal alkanes
than kerosene. Cycloalkanes. Aromatic and mixed aromatic cycloalkanes.
Olefins and mixed aromatic olefins such as styrenes. These products
include diesel and fumnace fuel oils (No.2 fuel oil)

Hydrocarbons between 18 and 25 carbons long.

Hydrocarbons between 26 and 38 carbons in length.

Heavy polycyclic compounds.

Source: (47)
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Physical properties measurements

Surface tension

Surface tension (y) define as the amount of energy required to expand the surface
by unit area.

In ST units y is in Nm-1

The surface tension of a liquid may be measured by a various methods such as:

- The formation of spherical droplets.

- The movement of a liquid through a porous solid.

- The pull on a thin vertical plate partially immersed in the liquid may be
determined and used to calculate the surface tension quite accurately.

- The rise of liquid in a capillary
In this study, surface tension was determined with capillary-rise method

Principle of the capillary-rise method

Surface tension arises from the fact that the molecules in surface of a liquid are
attracted into the body of the liquid by the molecules in the body.

The equilibrium shape of liquid surfaces is determined by a balance of surface
tension and gravitation forces. A liquid rises in a capillary tube, until the force due to the
surface tension pulling the liquid upward is counterbalanced by the force of gravity
pulling it downward. The height of the equivalent cylinder of fluid that is supported is
represented by h. If the contact angle is zero, h is equal to the height of the lowest point
of the meniscus. For accurate work, a correction term of 1/3 ( one-third of the radius of
the capillary ) can be added to h in the calculation.

The downward force Fd is equal to the mass of liquid above the flat surface of
liquid times the acceleration of gravity.

Fd = nrlhpg

Where r is the radius of the capillary tube
p is the density of the liquid
g is the acceleration due to gravity

The upward force Fu is equal to the vertical component of the surface tension
rcosO times the circumference of the tube.

Fu = 2nrycosd

Where y is the surface tension

6 is the angle of contact between the liquid
and the capillary tube in the meniscus
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At equilibrium the upward and downward forces are equal and so
y = rhpg/2cosO

This equation is directly used to calculate the surface tension of this study. While
the standard surface tension of water at 0.07275 Nm-! is applied as reference.

Preparation of the capillary tubes for the studies
Cleaning capillary tubes with hot concentrated nitric acid (HNO3) are made for

several minutes, rinsed thoroughly with distilled water, and then stored by immersing in a
tall flask of distilled water until use.
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Figure 20 Showing a capillary glass tube inserted into a container of
the liquid to be studied.

cosO = rR
r
0

R\ o

3

e

Figure 21 Rise of a liquid in a capillary
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Analytical Property of Biosurfactants
Statistical Methods

" A statistical analysis of the biosurfactants property, which were defined as the
correlation between the biosurfactants concentrations and properies (in term of percent
reduced surface tension of water).

Figure 18 Showed the biosurfactants concentration of all samples and its
property (percent reduced surface tension of water)

The data from this Figure 18 (in table 1 and 5) was used for computing the
correlation using STATPAL program . The correlation coefficient was 0.9033 with
have sample size = 8 (except Mixed-all)

The correlation coefficient : rxy
When -1 <rxy<1
Where - linear correlation is small, r is near zero.
- linear correlation is high, ris near +1 or -1.

The values +1 and -1 indicate perfect linear correlation or a functional
relation between the two variables.

From calculation, The correlation coefficient is 0.9033

The result representation of the linear correlation between biosurfactants
concentrations and the percentage of reduced surface tension of water.

Calculate level of significance (a )

Test Hypothesis
H, = Coefticient of Correlation rxy = 0
H = Coefficient of Correlation rxy <O or >0

Statistic for hypothesis test = T-test is given by equation as

! = rxy v n-2/1-r2 xy Hence,
! = 09033 ¥ 8-2/1-(0.9033)2
= 51575

From the tabulate value of f Student's is +/- 2.447 Two-tail Test
a = 0.05, for df=6 (n-2), t cal> t table

Or comparable rxy with Correlation Coefficients From the tabulate value is
0.707 a=0.05, for df=6 (n-2) which rxy = 0.9033 > 0.707
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Reject Hy and accept Hjso the conclusion is that the biosurfactants
concentrations correlated with the percentage reduced surface tension of water.

From the data analysis it is demonstrated that extracted biosurfactants can give
the surfactants properties significantly.

39020
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