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Conventional techniques are inefficient for car wash wastewater treatment
because it cannot remove oil-in-yat Ision formed by admixture of lubricant oil
aler, i€ lorey bioremediation is another choice for

treating this problem. i ingobium sp. strain P2 was used to
degrade lubricant oil emuls ] : o develop a quantitative real-time
PCR method to monitersurvival of thi W{ﬁ] biodegradation. The PCR
primer set specific “Tredbni ne. Vo in biodegradation of aromatic

compounds in strain il degradability test by strain P2

ask®labogmory and " reaclor scalcs. These experiments were
examined for amo _ overy by TLC- OD concentration by COD
reagents, and survival of suain P2 by redl-time PCR. First, the survival of strain P2
j LiOn wi n airsupply and without air supply
orow in lubricant oil emulsion, showing

itial cencentration of lubricant oil of

condition. Strain P
high lubricant oil eliming
200 ppm) in 5 days. In @

7 ; eiwithout air supply condition were tend to
decrease and could only ingte; 43.38%. ile, chitosan-immobilized strain P2
could degrade lubricating oil :ﬁb [6% in air supply and without air
supply conditions. H6 e%@f,a{-:gﬁ it obMized strain P2 still survived at

2.13x10° to 2.15%107 adhA3 gst;g;g, er/0.2 g chitosan. These indicated that
the immobilization couid iﬁlpl‘(ﬂ'& b ival better than in the form of free
cells. Moreover, chitosan-immok 2 was applied to treat real wastewater
in 3 1 and 350 1 Airjift continuous | cl 23 /1) within 30 and 60 days,
respectively. H;f lic retention §. +he result showed that both of
reactors had high efficiency tu cmove oil (91.50 and 68.18% average oil removal,
n:spectwely} Furthegmore, COD concenu'atmn ‘was reduced to 26.76 and 32.96%

COD rem xm’-a 87x10* adhA3
gene Cﬂpl ﬁhﬁ[‘ ﬁﬁn adhA3 gene copies
number/3 aitli tor, 9 -1 adhA3 gene copies
numbcrfﬂ?ﬁ £ chltosan and 2.87¥10-1. ?Sx]ﬂgﬂde gene copies number/350 | in

oM (NS 1 rldon] B PG APBY fain F2 cold

degraie lubricant oil emulsion, and it could be maintained in all conditions performed
in this study. The monitoring method developed here provided more specific
assessment survival of strain P2 and can be further used to develop a biological
treatment system for car wash wastewater in petrol station.
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CHAPTER 1

INTRODUCTION

1.1 Statement of problem

The oil-water emulsion fro
: of 600 | water containing more than 1%

large volume of hazardous waste

oil per car is generated (Suwi )97). @fthem compose of mixed lubricant oil
- - __J

ic substances such as polyeyclic

emulsion. The advaniag emical and physical methods is
that bioremediation is e and safe process. It is usually
conducted using biosti gmentation approaches, by either the
addition biostimulator or W t'effective bacterial strain to enhance

properties (Coppatelli et al., 2 perties is the bacterial capacity to
enhance hmavmlallt}' o . To lmpm@ bioavailability, oil-degrading
, bacteria seem to have.developed strategies such as cell surface hydrophobicity,

et 14544 1 744, 44 St i

(Obuekwe &f al., 2001).

T, i3 e 1400 0 w12 g

and predictable remediation procedures. Several studies described biochemical and
genetic analyses of PAH degradation (Peng, 2008). PAH compounds are aerobically
degraded where dioxygenases catalyze two critical reactions which are ring
hydroxylation and ring cleavage. The ring-hydroxylation yield cis-dihydrodiols as the
early bioproducts by ring-hydroxylating dioxygenase consists of three components;



terminal dioxygenase, ferredoxin, and ferredoxin reductase (Harayama ef al., 1992).
These dihydroxylated intermediates are cleaved by two functional enzymes: intradiol
aromatic ring-cleavage dioxygenases or extradiol aromatic ring-cleavage
dioxygenases, converting to central intermediates that are transformed to tricarboxylic
acid (TCA) cycle intermediates (Peng, 2008).

Due to the important of effective microorganisms in bioremediation, the
survival to them in the process is uf ajor concern. The effective method to quantify
(qPCR) which has ability to measure

onltur the presence of bacteria in
.::rf (2003) used Real-time PCR
in pollutant-biodegrading

microorganism is Quantltatwe\"
PCR products in real ti

environmental samples.
for enumeration
microorganisms. M€ ‘used qPCR method to monitor

0 Sphingobium yanoikuyae B1.
nhenanthrene as a sole carbon
contaminated soil in Thailand

(Supaka et al., 2001). 20032, Pinyakgng et @l identified genes for aromatic

expression degradation g

hydrocarbon degradation i§ stram. Bor example, ferredoxin; is the one of three
components of ring-h¥droxylating diexy@énase, coded by gene adhd3, 2,3-
dihydroxybiphenyl lE-de; d_catechol 2,3-dioxygenase; are extradiol

pahse. Ageelie
aromatic rmg-clq% dwxmme, m i jand xylE, respectively. In

the same year,

& th  Sp ngﬂbhg yanikuyae strain Bl and
Novosphingobium argmaticivorans strain F199, which are distantly related to those in

pmwumnﬂxyﬁha%imnfjﬂw E} i‘fﬂ)‘?‘ addition, most of the

genes requifed strain for bmdcgrm:lahon of aromatic h}'dmcm'hnns have been

TNy < -

According to PAH metabolism, sufficient oxygen plays an important role in
the degradation. Therefore, designing aerated tank reactors have to be concerned

genes for aromafi

about air transfer. Many researches considered that the important cost for the systems
is mainly determined by energy cost for aeration and maintenance cost for the reactors
(Boon, 1996).



Therefore, this study aims to determine lubricant oil degradation ability of
Sphingobium sp. strain P2 and to detect a gene which act as marker gene for quantify
survival of Sphingobium sp. strain P2 by qPCR in oil-in-water emulsion which
sufficient and insufficient air was supplied for further using in car wash wastewater
treatment system in petrol station.

1.2 Objectives
1. To choose marker gen '7":1 design specific primers for detection of

Sphingobium sp. strain P2.

2. To detect marker &ezadamn of lubnc:atmg oil by

ift bioreactor.

The mark e and -' 1 sented can be used to assess

survival and activiey ft bioreactor system.

1.4 Scope of Stug

1. Choosing géhe iig oil degradation in Sphingobium sp.

bl

strain P2. ROy
Markef gedes was chasen from the following:
- ahdA3 gene éncay '&? 1 of dioxygenase
- ahdA4 gene encoding Ter edoxinreductase of dioxygenase
- bph : b Ay oxylating dioxygenase

‘ ’ -dioxygenase

‘F'I

- bp}] W] '

- x{yEg:gen oding catechol 2, 3-dioxyge
- alkM gene‘encoding alkane hydroxylase

Bk o 5 i G dgtnion i e

immobilized tells in chitosan by Rea[-T'mc PCR

Y el ivervr ey g bl

- using free and immobilized cell with air supply

b

- using free and immobilized cell without air supply
2.2 Three liters airlift bioreactor system with wastewater from petrol station
2.3 Three-hundred and fifty liters airlift bioreactor system with wastewater
from petrol station



CHAPTER II

LITERATURE REVIEW

2.1 Wastewater from car wash station

The waste water produ ash stations consists of many impurities
such as free oil, oil-in-water em: sifier, and clay sludge. This wastewater
contains approximately high preportig ml% of oil content (Weber et al.,

1997). In common;

stations known as A

ted by existing system of gas
) oil-in-water separator, which
is considered effeci gcondiical, In contrast, oil-in-water emulsion and

emulsifier cannot be (f€atgd ¢o ; )y the m:atmcnt system. Therefore,
the quality of trealed gvastewaie ﬁ 3 OWe \ standard limit for gas station
discharged wastew.

The car washing opération onsists of four steps as shown in Figure 2.1
(Panpanit, 2001). incw I described as follows:

Step 1 D .--ﬁ.. i ecletl on the car to wash out the

| ER-Press T VWHLCT B B ..k'
tains sludge, clay and free oil.

dust. The wast m
Moreover, the ical force from high prc:ssurr.'

mﬂ UHANENIHAIDI. o .

wastewater in ﬂns stage contains iighly concentration of emulsifier. Finally, it solves

oA B8 AR B

9 Step 3 Presoak: high amount of fresh water is washed the emulsifier. The
wastewater in this step contains low emulsifier concentration because of dilution by

water makes oil dissolve in

water.
Step 4 Rinse water and dryer: high quality car is rinsed to cay body and dried
with hot air to polish car color.



1 I Fresh water Dryer
: le:wm (high quality) (hu;ln'}

Figure 2.1

2.1.2 Oilin-v

Oil-in-watér emattlsion/is.oilldispersed in water phase. It is generally found in
emulsion. An emulsifier consists
of a molecule with hgtrg hfﬁ;ﬁﬁ: : »phobic ends. It acts as bridging agent,
lowering the interfacial sj?_@'g ] "" It Ag il very small oil droplet size (Alters,

1998). An important factor i3 emu pility is the diameter of the dispersed oil

the presence of emulsific n:h-.

A7) ) A
droplets, which ‘ﬁgﬂw by St / ater emulsions formed in the
presence of emu if}--" Thave very § orior to 5 pm. The presence of
co-surfactant suchl atty alco r. the Emulsion droplet size is in the

range of 100-600 thus, their rising vclomty is negligible compared to the Brownian

ETTJ@'HHEMWTTTT“ e

Table 2.1 Classification of Oil-infwater MUISI“% urelle and ¥erdun, 1997; Alters,

R WIANTNITUANTINETIRE

%imfmahun Appearance Diameter of Droplet Size
Fine di I
mT:oidnl 4 Milky-gray emulsion Medium/fine 0.1-20 pm

Molecular dispersed Transparent Micro-emulsion | Micro 100-600 A




2.1.3 Pollution of oil-in-water emulsion from car washing wastewater

Car wash wastewater is considered as hazardous industrial wastewater because
it contains petroleum hydrocarbon. Mixed lubricant oil and emulsifier are always
found in car wash wastewater (Panpanit, 2001). According to Table 2.2, there are
some reports reveal that car washing wastewater contains many toxic hydrocarbons
both of aliphatic and aromatic hydrocarbons. Especially, aromatic hydrocarbons

than aliphatic fraction. : L
pollutants, some of which Consic L‘-m#tﬂ hepossible or probable biological effects:
acute toxicity, carcinogefiCity-inutagenicity, ter icity and endocrine disrupting
activity (Kliaugaite, 200 / "

Table 2.2 Hydrocarhg
wastewater in Swed

Parameter

76.72 41-220

0.9-3.0

0.02-0.03

0.03-0.2

03-3

0.015 0.005 | <0.001-0.1 0.12 0.11 0.04-0.2

Dibenzofuran <0.001- 0.009-
0.001 0.002 0.011 0.011
0.03 0.012




Table 2.2 Hydrocarbon quantity considered as toxic chemical in car washing
wastewater in Sweden (Paxéus, 1996) (cont.)

substance pollution quantity (ppm)
Parameter
Small-sized car Large-sized car
Average Mode Period Average | Mode Period
Phenanthrene <0.001-
0.005 <LOD Fiia 0.021 <LOD | 0.005-0.03
Pyrene =0.001-
0.00. s g; / 0.009 <LOD | 0.01-0.02
Fluoranthene — 0.002-
.00° <u¢ 0.004 | <LOD
0.006
l‘ﬂ‘!‘h"’h
ﬂ‘ H\m\\
Diethyl-phthalate )ﬁ,ﬂ. 0.0 !{n 5 0.0 0.01 | 0.01-0.02
D I- ene ” <0.001-
7/ ¢ )\t e [
0.7
Bis(2-ethylhexyl)
1.30 0.04-3
e A N
417 Washing.ag
p-nonylphenol 06071026 0014 0.43 041 | 0.1-0.8
2-Botoxyethanol 25 ,_,;x,,,_‘l;%)_; 0.01-270 15 17 | <0.001-27
2.2 Lubricat

The petro composition used as synﬂncﬁﬂlubﬁcant generally contains
compounds coating I8.9r more carbongatoms. The lubricating composition is a

T e e nap——

naphthenes, ‘tbndensed naphthcn% aromatic naphﬂmnas, naphthaime., and multi-ring

AT T e

atoms (e.g. thionaphthene, indole quinoline and carbazone) and various oxygen
containing compound, including naphthenic acids, which account for most of the
chemically bond oxygen in petroleum compositions (Insuk, 2004). Physical
properties of lubricant oil are very low volatility and less water solubility and not



volatile appreciably under normal environmental conditions. Additionally, it has high
oxidation stability for chemical and biological treatment.

2.2.1 Types of lubricating oils

Lubricating oils can be classified into two types: refined oil, or mineral oil,
and synthetic oil. The mineral oil is refined from crude oil which consists of paraffinic
and naphthenic oil groups. In addition, synthetic oils are manufactured which
produced from chemical hesi from the refinement of existing
pélmluum or vegetable oils oV lor, 2005).

PTT-120 used_jn this'study i bmmomr gasoline products, grade

: i n Limited. It is generated from
lity. It is also used well with

single kind produ
lubricating base oi
an automobile that

neral m ivate car, taxicab, a car using
gas fuel, and other a ¢ rach all-sized to middle-sized.

The available igformation shows that used lubricating oil is a very dangerous
polluting product. As RSO of its ehemical composition, world-wide
dispersmn and effects on the used motor oil must be considered a

The growth of plants (turnips and beans) has shown to be inhibited in

]
soils co i ﬂl iﬂﬂ ntrations in surviving
turnips and re, ively, : r than those grown in

uncontaminated soil. The lead and zinc concentrations detected inearthworms (331.4
kRN b 1 5 b o

redators (Vazquez-duhalt, 1989).

In aquatic system

Petroleum hydrocarbons inhibit the growth, photosynthetic activity and
respiration of algae, and phytoplankton activity. The damage to crustaceans, molluscs
and fish caused by hydrocarbon pollution can also be very important. It has been



found that used lubricating oil is one of the most important mutagenic agents in the
aquatic environment (Vazquez-duhalt, 1989).

2.2.3 Environmental consideration of used lubricating oil

The US Environmental Protection Agency's (EPA) regulatory definition of
used oil is as follows

“Used oil is any oil that has been reﬁned from crude oil or any synthztic oil that

collected, recycled, sed and re-refined for use as

new oil or used as sed motor oil can be re-refined
and sold at the storgfs mé or processed {or fi fuel oil. Aluminum rolling

oils also can be filtegéd onf sife and Used over again. Used oil can be recycled via the

:' npurities (dirt, heavy deposits,

Reprocessing, in¥ roduci 7 il into a petroleum refinery as a

Re-refining ifl g impurit affitjcan be used as base ol for
new lubricating &Ik Re-refining prolongs the | he dil resource indefinitely via
this regeneration @ccsx. is fo recycling is.&ncmlly the preferred option
because it closes thn‘rgclmg loop hy ing the oil to make the same original

s ﬂumwﬂmwmm

or energy recovery, involves removing water and particulates so that

KLMEN ST RlN (11504

2.3 "Emulsifier

Emulsifier is the major constituent in car wash shampoo. Normally, the
emulsifier used in industries for cleaning purposes can be divided into two groups,
e.g., anionic emulsifier and nonionic emulsifier. In addition, more than 90% of the
wastewater in industrial streams contains nonionic emulsifiers (Alters, 1998). The



emulsifier has contaminated surface water with an objectionable foaming property.
Moreover, depending on their chemical structure, some emulsifiers are resistant to
chemical attack that causes a higher COD in wastewater. In the case of non-ionic
emulsifier such as polyethylene glycol, its reaction for chemical oxidation is slow and
requires high strong chemical dosage such as ozone and long contacts periods to
achieve a significant removal (Langlais et al., 1991).

The emulsifier which is use is study to produced artificial wastewater is

: / segenerally found in car wash shampoo.
; St ynrin ]ahlu 2.3.

nonionic emulsifiers called

The physical and chemi

7664)

Solubility in other | soluble in ethanol, cottonseed oil, corn oil, ethyl acetate, methanol,
solvents toluene

Viscosity 300-500 centistokes (at 25°C)




2.4 Oil-in-water emulsion treatment systems

The oil-in-water emulsion separators can be summarized into three categories:
primary or gravity treatment units, secondary process, and tertiary process.
According to the previous part, the primary treatment system such as API treats free
oil effectively by the gravity concept cannot remove by its techniques (Panpanit,
2001). Many strategies in secondary and tertiary process for counteracting oil-in-

water emulsions have been devele H’;xnlﬂ:d as follows:

This procedure
precipitate difficult ang
from wastewater. A skimg
maximum efficiency, ghep

iment from water which can
for free oil and fat separated
ipitate (Alther, 1998). For
ulation or emulsion breaking
usually accompani ¢, aluminum sulfate and ferric
chloride. On the othér | coagulant produces a significant
quantity of waste sludge ai It 10 be treated. The procedure which makes
precipitate float can be d |::*l_11“{“ '. ¢pes: Dissolved Air Floatation (DAF) and
Induced Air Floatation (1A _

A principle ﬂf' BA‘F issol “lfider pressure which is then released
under special condziiis-is : _—\ i bubbles. As the tiny air

m’m resulting bubble and oil
o the llqu:d surface due to di tial gravity (Panpanit, 2001).

In case of ﬂﬁ i into wastewater to make
small huh Yﬁﬂmﬂﬁ ﬁﬁpjl d oil, so the sediment
rise to the llqmd surface. However, this system.has lower efficiengy than DAF. Due
o a8 3 bl A A ki 3 ot i
adhefe with light sediment is not high enough (Meyssami and Kasaeian, 2005).

The advantage of AF is high oil removal efficiency. In contrast, the

complex form rises

disadvantages are high investment and operating cost, difficult in terms of operation,
sludge problem and chemical needed (combined with chemical coagulant) (Panpanit,
2001).
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2.4.2 Adsorption

Adsorption is the accumulation of atoms or molecules on the surface of a
material. This process creates a film of the adsorbate (the molecules or atoms being
accumulated) on the adsorbent's surface. This system is generally used as a post
polisher to remove trace of oil hydrocarbon and emulsifier. The adsorbent has been
developed widely such as organic pﬂlymtr, activated carbon, and organophilic clay,

etc. Organic polymer such as sed to adsorb residue oil in wastewater
especially in pine oil indu 4 2005). The research showed that
chitosan is cationic b imino groups for high effective
adsorbing oil

The advantagesefor ai€ing adsorbent in oi) wastewater treatment system are
good for polishing ppm) and low capital cost.
However, the disad nr high oil and emulsifier

concentration, diffi of (opératior g ation of spent adsorbent, and

sludge from spent adsor

Sequence batch biologi process is industrial processing tanks

for the treatment of wastewals '_ actors-treat wastewater such as sewage or
output from anaefebic digesters or mechanical biologital treatment facilities in
batches. Oxygen™1€_bubbled ¢ er {0"Teduce biochemical oxygen

demand (BDD] ‘10 make suitable for disnharge
into sewers (Dachtanofi,22001). There are five stages to treatm

e o) ST DA ’]afe]‘ﬁ sy ot

chemical. Emcmncy of the system depends on Epmpmte conu&’tlm period of time

e e 4 i o

sadvantages are d in terms of operation and slow process
(Panpanit, 2001).
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2.5 Bioremediation

Bioremediation can be defined as any process that uses microorganisms or
their enzymes to return the environment altered by contaminants to its original
condition (Boopathy, 2000). There are a number of advantages to bioremediation such
as environmental friendly, safe process and economical (Evans and Furlong, 2003).

Moreover, the contaminant is metabolized to carbon dioxide and water which is

2.5.1 Biod it ’ i
Petroleum M mple mixture of hydrocarbons of various
molecular weights, wi ; ganic conmpowiids contain nitrogen, oxygen and

incorporation of mélecular oxygen i on structure. This is performed
by alkane—actwatmgenzymcs W o ﬁﬂxygcn@ (or hydroxylase). The most
common pathway ofalkane degradationyis oxidation at the terminal methyl group.

Oxidation M ’}%q nbe| %ﬁnﬂ &}:ﬁ}} ﬁ\“c} is further oxidized by

alcohol and dldehyde dchydro es. The rﬁultmg fatty acids cntcr the B—cmdatmn

S A SN Y Y e

as subterminal positions. Subterminal oxidation has also been detected for longer

alkanes. The secondary alcohols are converted to the corresponding ketone, which is
oxidized by a Baeyer-Villiger monooxygenase to an ester. The ester is subsequently
hydrolyzed by an esterase to an alcohol and a fatty acid and eventually to carbon
dioxide and water (Figure 2.2) (Van Beilen et al., 2003).
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Some alkane degraders contain only one alkane hydroxylase which oxidize
alkane substrates by oxygen species. However, several alkane degradation systems,
being active on alkanes of a certain chain-length or expressed under specific
physiological conditions, have been found in many other strains. For example, alkM is
regulated depending on the alkane present in the medium. Expression of alkM is
induced by alkanes having a very long chain length (>C,6) (Rojo et al, 2009).

Figure 2.2 Aerobic ;»3‘»' he degradation of methane (left), and of larger n-

a_lmﬁ b}f l--_lu I m ight}. L‘Mﬂ. mﬂhﬂ!ﬂ
monooxygenase; 3’ _metha forhaldehyde dehydrogenase;
FMD, formate deh@n 152 AT alane NI oy | , alcohol dehydrogenase;

ALD, aldehyde dch nase; ACS, -CnA synthetase; w-H, w-h}rdroxylasc

o b 14 mﬁm PRI o i e

(modified fram Rojo

’Q‘WW&NﬂiﬂJ UANINYAY
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Table 2.4 Examples of aerobically alkane degrading bacteria (Wentzel et al., 2007)

Bacterial species Strain n-alkane substrate range
Acinetobacter baylyi ADPI1 —Cys
Acinetobacter calcoaceticus EB104 Ce—Cjy
Acinetobacter calcoaceticus RRS Cio-Caa
Acinetobacter lwaffi CirCan
Acinetobacter sp M-1 CirCu
Acinetobacter sp. ' CizCoo
Acinetobacter sp. —Cu
Acinetobacter sp. CioCao
Alcaligenes odorans ———— -Cyy
Alcanivorax borkumensisup®™ w7 | Af Cro oo
Aleanivorax borkumensis ﬂ ﬂam CeCy
Ariwosecter oot b 471 55 BN \‘\ CirCa
feoeen LA Cr e

CeCan

CioCa

CirCu

Cis—Cus

Ci—Ca

Al A3, A4, AS, A6
FPseudomonas fluorescens CHAD C)rChy
Pseudomonas sp. PUPG CirCxn
Rhodococcus erythrapolis 23D CeChe
Rhodococcus erythropolis NRRL B-16531 CeCoe
Rhodococcus erythropolis 42-0 and 50-V CeCpa
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Table 2.4 Examples of aerobically alkane degrading bacteria (Wentzel et al., 2007)
(cont.)

Bacterial species Strain n-alkane substrate range
Rhodococcus fascians 115-H Celn
Rhodococcus fascians 154-8 CeCa
Rhodococcus sp. 1BN CeCn
Rhodococcus sp. NCIMS126 Cy5—Can
Rhodococcus sp. R ' pnd Ci—Cas
Rhodococcus sp. . - CeCs
Thalassolituus oleivorans CrCxy
Thermus sp. CoCao
Weeksella sp. Cir-Cyy
Xylella fastidiosa CiCya

2.548 Adbuddcloospbihll hiodegradition pathway
For aromatigffragtio) irole i are also many bacteria that
can utilize aromatic €onipg ';1“ bl - PAL compounds are aerobically
degraded where dioxyges WW y#e  fwo critical reactions which are ring

hydroxylation and ring clg agm* e I

: lation yield cis-dihydrodiols as the
early bioproducts by ring-hyt * ] n £ ; .=1= se consists of three components;
terminal dmx}'gcnasc, feﬂﬂ@d@?ﬁ? loxin reductase (Harayama et al., 1992).

These dihydroxylaf leaved by two fonctional enzymes. Intradiol

-
aromatic ring-cleavage ¢ .' e hydroxyl substituents

(between two hydrox lgmups and typically d pmdommnhcmef"e{m} In contrast,
extradiol aromatic rifgsgleavage dioxygenases (edo) cleave meta to the hydroxyl

i Y 3 i ) R s e

and typlcnllﬂﬂepend on nonheme Ft:(II} (Eltis & Bu]m. 1996)., mnvemng to central

R T N MY TV Ta S e




Figure 2.3 Aromatic
(Juhasz and Naidu, 2000).
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degrading bacteria (Seo et al.,

Aromatics

e

]

EE

S EEE




18

Table 2.5 Examples of aerobically aromatic compound degrading bacteria (Seo et al.,

2009) (cont.)
Bacterial species Strains Aromatics
Burkholderia cepacia BU-3 NAP, PHE, PYR
Burkholderia cocovenenans PHE
Burkholderia xenovorans LB400 BZ, BP
Chryseobacterium sp. NCY CBZ
Cycloclasticus sp. Pl PYR

Janibacter sp. YY: DBF, FLE, DBT,"

~ :Q?N ‘Z’ PHE, ANT, DD

Marinobacter PNEEI LY  —— NAP
Mycobacterium sp. ,...7 —— 5| PYR, BaP
Mpakzisian 3. A L NN A
Meosactrionsp. o S HTE TR RN N PR
Mcobactertumsp. o PP ISR N [ FYRE4A, BeP
Mpeonussrion f UETERVRN N\ W FLA FYR, PHE, ANT
Myodcirhansy. 0 ZQV0" IO QRN N | FUS FLE. VLA, FYR
Mycobacterium fla ey ““\ | PYR, FLA
Mycobacterium vanbaale n PHE, PYR, dMBaA
Mycobacterium sp. K i > .

Nocardioides aromaticivorans ICEF

Pastenreiia sp, A

Polaromonas na, Cr

Pseudomonas sp Tl PHE
Pseudomonas sp. BT1d HFBT
Pseudomonas sp. P o B4 o BF, CEP
A A TR T

Pseudomonas % = U P = 11 DD
Pseudomonas sp. NCIB 98164 FLE, DBE; DBT
P IRy 2
P 3 PHE
Pseudomonas vesicularis 0OUS82 FLE
Pseudomonas putida P16, BS3701, BS3750, | NAP, PHE

BS590-P,
BS202-P1

Pseudomonas putida CSV86 MNAP
Pseudomonas fluorescens BS3760 PHE, CHR, BaA
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Table 2.5 Examples of aerobically aromatic compound degrading bacteria (Seo er al.,

2009) (cont.)
Bacterial species Strains Aromatics
Pseudomonas stutzeri P15 PYR
Pseudomonas saccharophilia PYR
Pseudomonas aeruginosa PHE
Ralstonia sp. SBUG 290 DBF
U2, NAP
Rhodanobacter sp. BaP
Rhodococcus sp. g, ™ PYR, FLA
Rhodecoccus sp. -K2F —— NAT, BT
Rhodococcus eryt : - ADBT
Rhodococcus W | DBT
Staphylococcus sp. - \ PHE
Stenofrophomonas mall ; AN PYR, FLA, BaP
Stenotrophomonas m ; ) PYR, FLA, BaA, BaP, DBA,
% o COR
Sphingomonas R zfr" N [PR
Sphingomonas i ,I,-!,, -"-‘Jffflr A , BLP e oL
Sphingomonas sp. F2ARIZG, FLE, PHE, FLA, ANT
Sphingomonas sp. : DBF, DBT, CBZ
Sphingomonas paucimobilis [ EPAS0S. "FLA, NAP, ANT, PHE
Sphingomonas witt e tRwT D
Terrabacter sp. N b BF, CDBF, CDD, FLE
Xanthamonas sp. 5] ' m PYR, BaP, CBZ

. e A MBI . e i

racene; NAP, naphthalene; BaA, benz[a]anthracene; dMBaA,

ST A e =

hydroxy-2-formylbenzothiophene; BP, biphenyl; CBP, chlorobiphenyl; NAT,
naphthothiophene; BT, benzothiophene; BZ, benzoate; ADBT, alkylated
dibenzothiophene; CBZ, carbazole; DD, dibenzo-p-dioxin; CDD, chlorinated
dibenzo-p-dioxin; MNAP, methyl naphthalene.
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2.5.2 Factors affecting bioremediation of petrolenm hydrocarbon

In 1990, Leahy and Colwell have concluded physical and chemicals factors
affecting the biodegradation of hydrocarbons as followed.
Chemical composition of oils or hydrocarbons
The structure of hydrocarbons effects to microbial attack. It has been ranked

in the order of decreasing susceptibility: n-alkanes > branched alkanes > low-

V jes.  Microorganisms are the easiest to
} _ / atics, with high-molecular-weight
- cgibi:écly low rates of degradation.

fqlw\‘ 5 pattern.. For example, there was study

molecular-weight aromatics >
degrade the saturate, follows

aromatics and polar c

Mevertheless, some ¢

reported greater d of hexadecane in water-

sediment mixtures ,( ater-ake.
oncenirs .Jl{ﬂiil-";;";iﬂu' arbon

Biodegradation gites fi ,glagg 1ydie ’-\ ill not display the dependence
ire sol ‘ substrates. On the other hand, it
depends on a function of the y Iroe face area available for emulsification or

on concentration obsérve

physical attachment by cell. s | slicks in water can cause to high
b at. Inhibition of biodegradation can be
occurred from this,situation by nutrient or oxy nitation or through toxic effects

ons. T L po fhat contamination of seashore
sediments with cruﬁ oil above neentratian prevented biodegradation of
the oil because o u;gg:n and/or nutl‘i:‘l} limitation. It likely seems that high
concentrati i imi i : i ation rates following
oil spills l%ﬂf‘zmm ﬁﬂm and small lakes or
ponds, in which the oil is relatifely protected<from dispersion®by wind and wave

acti®). he NN rhcks @eiskarofigtion of clad bif-doi an ol tanker

in protected bays and the highest rates occurred in the areas of greatest wave

energy.
Oxygen

The initial steps in the catabolism of aliphatic, cyclic, and aromatic
hydrocarbons by bacteria and fungi involve the oxidation of the substrate by
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oxygenases, for which molecular oxygen is required. Therefore, aerobic conditions
are necessary for the pathway of microbial oxidation of hydrocarbons in the
environment. Conditions of oxygen limitation normally do not exist in the upper
levels of the water column in marine and freshwater environments. The availability
of oxygen is dependent on rates of microbial oxygen consumption, the presence of
utilizable substrates which can lead to oxygen depletion. The concentration of oxygen

has been identified as the ratl:-limmv rl

/ t air modes of supplying oxygen

d search for the more efficient

iable in the biodegradation of petroleum in

environment. 3
In 2006, Brambila e¢
to a membrane-aerat 1 feactl
stewaierS,/This researc] o at all of the modes of oxygen
R weae mareefiicient thar 'ﬁ"",:_nnal suspended cell process.
JutriEnt: i
The rel a"?‘-‘:ﬁ ;
€ reiease ol (1T @CArponSs— o
A e »-ﬂ ‘
[ 14“| } - 4‘

or carbon/phosphorus ratio ﬁy:,b&li'!
Some researches revealed fhat '_ﬂ ric salt
in enclosed systems.

In mamly smdy,.-ﬂm#:i we between adding and non-adding
inorganic nutrient fh oil-in-water emulsion. Th nowed that adding NH;NO;
and K;HPO, to niake ratio of C: N
immobilized cell Jﬂmmcmr and
bioreactor.

2.6 nmﬂ uﬂ 3 nﬂ Y]gj W«.ﬂ ’Jﬂ?umplu
Rl W’%@‘JW g e, e

survidal to them in the process is a major concern. Recently, the effective method to
quantify microorganism is Quantitative Real-Time PCR (qPCR). qPCR is based on

nments which contain low
essively high carbon/nitrogen
unfavorable for microbial growth.

concentrations of inorgan

its of nitrogen and phosphorus are effective

"-,
sihanice degrading efficiency of
‘reduce time for storage oil-in-water emulsion in

detection of a fluorescent signal produced proportionally during the amplification of
PCR product. The DNA binding dyes is the key to the detection system. SYBR green
is the most commonly used DNA binding dye that incorporates into double-strand
DNA (dsDNA), causing fluorescence to increase which is proportional to the amount
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of product generated in each cycle. The detection is determined by identifying the
cycle number at which the reporter dye emission intensities rises above ground noise;
this cycle number is called the threshold cycle (C,). The C, is inversely proportional to
the copy number of the target template. If the template concentration is high, the
threshold cycle measured is low. A standard curve can be plotted as C; value and log
concentration of known amounts of DNA or plasmid to find out levels of unknown

samples.

The advantages of usi %ﬂ other techniques are as follows

. aqc%" /

. v =
stamplification analysis
o redl-tific/ PUR s data in the exponential growth phase,
itiorial PE ured at end-point
This applicatiogfhfl Bilee oI MARE: the presence of bacteria in
e £

environmental samples in ral si .
el 22,
- Bladwin ef al.’ d PCR primers and qPCR protocols for
enumeration of argmatic 0Xyg: sollutant-biodegrading microorganisms.
( .
In 2009, Bladwin ef ai-—tised
‘m

on the aquifer mlc

i- ' impact of MPE operation
on at a gasoline-contaminated
site. During r.:umm us MPE, aromatic oxygenase genes (ring-hydroxylating toluene
mnnmxym)ﬁh E\Lﬁ ere not detected in
groundwa ET ﬂmﬁﬁﬂ-uulmng bacteria.
When MPE Wns pulsed, total aromiatic oxygenase gene copies were not significantly
it B8 5 ek, s sn o
to dissolve BTEX during pulse MPE.,

- Cunliffe et al. (2006) used qPCR method to study effect of inoculums
pretreatment on the survival and PAH-catabolic gene (bphC and xylE) of

Sphingobium. yanoikuyae strain Bl in an aged PAH-contaminated soil. The result
suggested that using complex media, which had the higest levels of bphC and xylE
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expression, instead of minimal media for cultivating biodegrader may improve
efficiency of contaminant biodegradation in soil.

- Cébron et al. (2008) developed PCR primers to quantify Gram positive
(GP) and Gram negative (GN) bacteria that can degrade PAH in soil and sediment
samples with differential contamination levels by using real-time PCR assay. The
result revealed that real-time PCR quantification could represent the ratio of the alpha
subunit of the PAH-ring hydmxylat ioxygenase (PAH-RHD,) relative to the 165
rRNA gene copy number Wh] ’;’ ith the PAH-bacterial biodegradation

potential and the PAH-CG n lev sediment samples.

2.7 Sphingobium s

source and energy soufcey Was isolated from, oil. contaminated soil in Thailand
(Supaka et al., 2001). #In 2 P Yal ¢t al. identified genes for aromatic

hydrocarbon degrada dis strain? Fing-hyd ylating dioxygenase and aromatic
ring-cleavage dioxyge / Sphis sp. strain P2 has been reported
to have a unique grou : ' degradation with Sphingobium
yanikuyae strain Bl and Naﬁl&‘}fﬁé” omaticivorans strain F199, which are
distantly related to thl:lﬂ:l:?"fll"'J ‘ enera (Pinyakong er al.,
2003b)

The three smponents of ring- genase of Sphingobium sp.
strain P2: ferredoxi fermduxm reductase, and five of large subunit and small

subunit of m 4, ahdAl[a—¢] and
udeZ[HW ly.dl %ﬂﬁmm }rﬂpﬂrtcd that bphAIf
of Nawsphmgobmm aromaticivarans strain F199 is probably the presence of the
B By B3 1 8 o e o
phenéinthrene degradation in the first step in which an iron-sulfur flavoprotein
reductase and an iron-sulfur ferredoxin transfer electrons from NAD(P)H to a
terminal dioxygenase. The terminal dioxygenase adds both atoms of an oxygenase
molecule to the aromatic nucleus of the substrate froming cis-dihydrodiol product

(Harayama et al., 1992). However, none of the five sets of terminal dioxygenase
appear to have any role in the initial ring hydroxylation of phenethrene and biphenyl.
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The sixth terminal dioxygenase gene (bphAlf) is predicted to encode the terminal
dioxygenase component of biphenyl/naphthalene dioxygenase (Romine ef al., 1999).
Furthermore, both of the electron transport components (ahdA43A44) are involved in the
upper and lower phenanthrene catabolic pathways in strain P2 (Pinyakong er al.,
2003a)
The extradiol aromatic ring-cleavage dioxygenase of Sphingobium sp. strain
P2 are 2 J-dihydmx}rbiphenyl --_r.
by g:nc bphC and .'gyIE respectivelyl , most of the genes required by the
1-of aroma have been sequenced and
characterized allnwiw v tivity and survival by gPCR. In
recent study, our ot group st "w"ly of 6 types lubricating oil

enase, and catechol 2,3-dioxygenase coded

strnms The initial amount of
U’ ppm of each type of lubricant
oil-in-water emulsig pator shaker (200 rpm) at room
temperature for 24 h_#The _, ain B2 has more ability for PTT V-
120 synthetic oil-wateg” emulsion: ‘degradatio than other types of bacteria and
lubricating oil. Moréovs Ihmﬁa’ﬂm
growth. Therefore, strain PZ' 1t i

—-.':é‘ffifﬂ:;/w =
(A
-

2.8 Immobiliz '-F:i'

degradation in oil-in-wate

each bacteria was

p[i} o prepare and use a few time to
20 synthetic oil was selected for doing this

research.

Cell lmmu tion is one of the optional in iﬂa rporating bacterial biomass

iﬂ?;niffﬁmﬂmﬁﬂ o) (i

- pre\rentmg wash out of biomass in.continuous flow,reactors

ARIEAFUNRTINE TR Y

- more operational flexibility
- more tolerant too high concentration of toxic chemicals
- higher cell density, resulting in higher rates of biodegradation
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2.8.1 Cell immobilization process

Many methods for cell immobilization have been developed. They can be
divided into 2 main immobilization processes (Cohen, 2001).

2.8.1.1 Attached growth
Attached growth is the self-attachment of microorganisms to carrier material.

A variety of microbial structures which are used for attachment include fimbria (pili),

capsules (glycocalyx), various oldfast stadcures, stalks, cell wall components and
in ‘mic which is believed to involve in
sists of extracellular polysaccharides
which have no other Special” properties beside - v anmipatiun in the attachment
: m ible for the attachment of

alls \ s could be considered as the
_u-' i

process. In additio
microorganisms to
dominant force. The gt s composition of the forces are

' crobial species, surface properties

The selection iep riateriallis relied on many factors including the
resistance to microbial e@ echatiica strength, type of fluid, surface

characteristics and the mﬂﬁﬁg—g}m?{w TE N
u,‘-'i

‘microorganisms to carrier

There are ﬂrrir:r-binding. cross-linking,

“m NI neng

::r binding mcthgd is based nLhmdmg microbjal cells directly to

A St T 1 e e

and the water-insoluble carriers. This method can be classified into 2 types.
1.1 Adsorption
The adsorption method is the simplest method and involves reversible surface
interactions between cell and support material by electrostatic forces such as van der

veral m:muds for this process:

Waals forces, ionic and hydrogen bonding interactions. The surface chemistry on cells
and support is utilized so no chemical activation or modification is required and little
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damage is normally done to cells. The process consists of mixing cell and a support
with adsorption properties, under suitable conditions. The immobilized material is
then collected, followed by extensive washing to remove non binding cells
(Brickerstaff, 1997).
1.2 Covalent binding method

This method involves the formation of a covalent bond between cells and a
support material by functional groups that present on the reactive groups of microbial
cells and different ligands on the s i ff, 1997).

2. Cross-linking QE

Microorganismi & | nmobili linking each other with bi- or

multifunctional reagents I‘.o juendiisocyanate, or diazotized
umtlﬂn with one of the other

diamine. Generally, cro: / k\
methods. It is used / L orbed microbial cells and also
for preventing leaks a, 1981).

3. Entrappingine

Immobilization | tr: s are free in solution in polymer
matrix. The porosity ¢ ent leakage of cells, but allow
free movement of substrate alt, 1997).

4. Encapsulatior TR TN

Micragntapsulation can be achieved by fenveloping the biological

component with pation _ : _ 5 ne, for example, nylon and
cellulose nitrate. Thelcells are free In Solution, but rest

Microbial cannot passithrough the capsule,/except small substrates agd prod

pas ey ﬂu%%%ﬂ% S bradaraom
QW?ENT]?EU UANINYAY

d in space as cntmpmcnt.
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Figure 2.4 Pringipal’y mobilizition (Brickerstaff, 1997).

2.82 Cellimr

Setti e al. (1998 I d "_" adsorben ' perated with bacterial for heavy
oil remediation could eni | of 1 degradation by bacteria within 7
days. In contrast, the freé bacter ays to degrade heavy oil in the same
condition. 3

In 2006, Gentili ef a mined the removal 'ofl clued oil from seawater by
microcosm that “.g &'\‘F.u strain QBTo and
concluded that the@ni:r material used, chitin andmhitnsan flasks from shrimp
wastes. Moreovere, immobilization conditions and the survival of the bacterial strain

i e b e 4 P s o e

after 15 day$}/the immobilized sugms could treat sul:cessﬁllly This study improved

s”'ﬂm ﬁ:ﬁﬂﬂﬂﬂﬁj?ma ephingin 2 ong

The previous research studied efficiency of oil-in-water emulsion by strain P2
immobized with chitosan from crab exoskeleton, shrimp exoskeleton, and squid axis.
The research found that immobilized cell with chitosan from squid axis is the most
suitable because it had high efficiency than strain P2 immobilized with chitosan from
crab exoskeleton, shrimp exoskeleton and easy to use.
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2.9 Chitosan

Chitin is natural amino polysaccharide and the supporting material of
crustaceans, insect, etc. It is estimated to be produced annually almost as much as
cellulose which is well known to consist of 2-acetamido-2-deoxy-p-D-glucose
fthrough a B (1—4) linkage. Chitin is a white, hard, inelastic, nitrogenous
polysaccharide and the major source of surface pollution in coastal area (Kumar,

2000).
chitin. The structures of cellulose,
% have attractive properties such

-Chitosan is the M-
as biocompatibility, .k . ~-'n _ ~adsorption properties (Kumar,
2000), chemical stal -l ~chelation behavior and high

selectivity toward pal -\\‘\\.\ or these reasons, chitosan are

 many applications especially

chitin and chitosan are

' recommended as su‘

detoxification of water/and wast =: Due v cost compared to activated
carbon and its high e®ntents v “ ional groups, chitosan show
significant adsorption pots & 5 aquatic pollutants e.g. metal ions, dyes,

radionucildes, phenol and's =.;- and different anions and miscellaneous
pollutants (Bhatnagar et a!

Figure 2.5 Structure of cellulose, chitin and chitosan (Kumar, 2000).
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2.10 Airlift bioreactor system

Airlift bioreactor is air introduced into the riser section of the airlift and drives
the circulation of the gas, liquid and solid (biofilm) phase throughout the reactor
(Nicolella et al., 2000). It can be divided into 2 main types of reactors on the basis of
their structure (Figure 2.6): 1) external loop vessels, in which circulation takes place
through separate and distinct conduits; and 2) baffled (or internal loop) vessels, in

W

|
Figure 2.6 Different types of airlift bioreactor {Merchuk et al., 1990)

- .,.m:i oKVt el N———

(Figure 2. '?) is bioreactor constructed with E‘ following cbwctenshcs 3 liters

. . has 10
R o AR A Moo s
height and 10 cm outside diameter while 3 cm height of water above internal loop and
5 cm space between internal loop and bottom celumn. Furthermore, this reactor is
applied to use in field-scale according to Figure 2.8
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Internal loop

—
-
-

fﬂl‘l s "*vu.

Figure 2.7 The si
research unit modified |

>

2 ﬂuﬂ’mﬂﬂ ' 7.3 7evA 1P R—

Tank-100 L

QAN I NN IVIE A Y

Figure 2.8 Wastewater treatment system diagram and hydraulic profile
(Bioremediation research unit)




CHAPTER III

METHODOLOGY

3.1 Research overview

The methodology of this study diyided into 3 parts. First, Primer design and
terminat ival of Sphingobium sp. strain P2
during lubricating oil degradatio r mode in flask-laboratory scale.
T — -
Third, application immmebilired ) reactor-seale, Both step 2 and 3 was analyzed
data by microbial g ubrica iraction and quantification by
quantitative real-ti rmination @f gene copy number. Research
flow chart was illustrs ’

._II_.“”__hI I _::‘_ =~ Mierobial enumeration

Sphingobiuni n S

(1T —

Mﬂwmm&

AN € ~ N1
Xt—~

Figure 3.1 Flow chart of the research.
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3.2 Chemicals and equipments

3.2.1 Chemicals

1. 100 base pair DNA ladder plus was obtained from New England Biolabs, and
Fermentas, USA

iSeript™ Select cDNA Synthesis Kit, Bio-Rad Laboratories Inc., USA.

I1x iIQ™ SYBR® Green Supermix, Bio-Rad Laboratories Inc., USA.

Dichloromet:

EDTA (eth
from Sigma

ol B E U

Y n'i'r 20gNa;2H-0) was obtained

..\\

9. Flake squid axi€ chitogan was obtained from E-base company, Thailand

»

10. Glacial acetic agid JH)Y 8 0 u_--- om Merck, Germany

11. Glycerol was'obtdingd from Researchiorganics, Inc., USA

12. Hexane was obffinge __ e

13. Hydrochloric acid"(HEI)was ob m BDH Chemicals, Australia

14. lsoamylnlmho[wasogﬁ Sigm USA

15. Lambda /ipdili 2dBiolabs, USA

16. Lubricatig/oils (PTT Ve : ffom Petroleum Authority of

g

17. Magnesium su]fatc (MgSO0,. ?H;Dljaa obtained from Carlo ERBA, France

" Eﬁ”ﬁm ARSI
éffmwzﬁwm eraye o e

2 Proteinase K was obtained from US. Biological, USA

22. Quant-iT™ dsDNA BR Assay Kits, Invitrogen, USA

23. Ribonuclease A (RNase A) was obtained from Fermentas, USA

24. SDS (sodium dodecyl sulfate), (Ci;H;s080;) was obtained from Nacalal
tesque, Japan
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25. Sodium chloride (NaCl) was obtained from Merck, Germany

26. Sodium hydroxide (NaOH) was obtained from Merck, Germany

27. Taq DNA polymerase was obtained from New England Biolabs, USA

28. Trizma base (tris [hydroxymethyl] aminomethane), (C4H;;NO;) was obtained
from Sigma, USA

29. Tryptone was obtained from Difco Laboratories, USA

30. Tween 80 was obtained fro k, Germany

31. Yeast extract was nh ained T0! boratories, USA

3.2.2 Equipmer —_‘/,,’

. Balance, model P20 ,, ] 1 Toledo, Switzerland
. Bench-top centgifiig ikro20, Hettich zentrifugen Inc., USA

Blender S-600
Electronic, Japan
Deep ﬁ'aczc:r (& 6, Fo: ientific, Japan
. Digital Dry Batlff mgdél 11001 ibifét Tnternational, Inc., USA

oo B W R = R =
=

. DNA Thermal Cygler, mod 400, Perkin Elmer, USA and model MJ Mini™

i,

7. Gel documentation-S¥sté: DOC 2000™, Bio-Rad Laboratories

8. Hot air ovi |

9. Incubator (30°C), model BE800, Memmert, Gem
10. ISSCO laminaf flow, International’Stientific Su Jn
L H 0 B i o

12. M:m itcon Real-Time PCR detector, Bg-Rud La Inc., USA.

ARG ETEH JAAY
a 4. pH meter, mﬁ Corning, USA ﬂ EI f] a El
15. Qubit fluorometer, Invitrogen, USA
16. Rotary vacuum evaporator , EYELA, Japan
17. Spectrophotometer, model UV-160A, Shimadzu, Japan
18. TLC-FID, model IATROSCAN™ MK-6s, Mitsubishi Kaguku latron. Inc.,
Japan
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19. Ultrasonicator, model FS4000, Decan Ultrasonics, England
20. UV transilluminater, Fotodyne Co., Inc., USA
21. Vortex mixer, model Genie 2, Scientific Industries, USA

3.3 Primer design and specificity primer test

3.3.1 Bacterial strain and growth condition

streaked two days Luria Bestani or LB audtplates (Sambrook et al., 1989) into 50 ml
0.25 x LB media. Afterincubatio *Cigf 244ivin an incubation shaker (200 rpm),

the culture was spun dg¢ ie cell pellets were suspended in

0.85% NaCl to wash ci or 10 min in duplicate.
Escherichia ¢ will be grown in LB media

and will be incubated®o homonas sp. strain RN402

(Klankeo et al., 2009)Avill be winj ing “medium containing 100 ppm of
pyrene as described previ '

332 DNA prephration

at 8,000 rpm in miege as suspended in 510 pl Tris-
EDTA buffer pH8 with=wigorous shake, Gwas added 50 pl of lysozyme solution ($0
mg/ml in ‘lﬂlurﬂud M&Jaﬂ aﬁ’?ﬂ f&l?m "a-lirty microliters of 20%
SDS (sudiual' dodecyl sulphate) ;nd 10 pl of &rntcinasc K Eﬂ&.l}iﬂl'l (10 mg/ml in
nﬂzﬁqla q&ﬂ? qu&gw m aE]?‘C for 30 min.
One hundred and twenty of 5 aCl was put in the mixture and inverted 4-5 times,
then 250 pl of hexadecyl trimethyl ammoniumbromide/sodium chloride solution
(CTAB/NaCl solution), which was warmed at 65°C, added, mixed well, and incubated
for 20 min. DNA was separated by putting approximately equal volume of
chloroform and centrifuged at 13,000 rpm for 15 min. After that, DNA in aqueous
phase (upper phase) was transferred into new tube and put estimate equal volume of
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phenaol:chloroform (25:25), centrifuged at 13,000 rpm for 10 min. DNA from upper
phase was transfered into new tube and precipitated with 0.6 volume of isopropanol.
The solution was gently mixed by inverting for 1 min. The precipitate was collected
by centrifugation at 13,000 rpm for 5 min, washed with 70% ethanol and centrifuged
at 13,000 rpm for 5 min. After removal supernatant, the pellet was dried in desicator
and dissolved with 50 pl of TE buffer containing 0.2 pl of DNA free RNase solution
(10 mg/ml in 0.01M sodium acet H 5.2). Finally, The DNA solution was
incubated at 37°C for 60 min, [ A ecked by running on 0.9% LE agarose
(IUAI, Japan). DNA c the absorbance at wavelength of
260 and 280 nm.

oncentration measurement

Agarose ge W ared d poured into gel tray with
comb on the tray and Je gelk _ 11 of agarose gel was put into the
chamber and poured TAE bul t ! , & r the whole gel. 2 pl of DNA
solution was mixed dof 6x1 : opped into the hole of gel. The
first hole was dropped by pl‘ i NA marker that already mixed
with loading dye. Run elé mﬁms olts for 27 min. Then, the agarose gel

was stained in ethidium bmmm 15 min anid destained with water for 10 min. The

PO
DNA band can WMMMWM the wavelength of 312 nm.

DNA purity/and conce imeasuring the absorbance at
wavelength of Eﬁﬂjlnd 80 Iculated éQA concentration by using
equation below.

UL el AL o e
R mmﬁmmwzr "

3.3.3.1 Primer design
DNA sequences of dioxygenase genes were retrieved from GenBank
accession no. AB091692, PCR primers were designed using Primer3 software
version 0.4.0 which specific for ferredoxin of dioxygenase, ferredoxin reductase of
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dioxygenase, and 2,3-dihydroxybiphenyl 1,2-dioxygenase. The size of design
amplicon should be 100-250 bp. Shorter amplicons are typically amplified with higher
efficiency. An amplicon should be at least 75 bp to easily distinguish it from any
primer-dimers that might form. The amplicon should avoid secondary structure, and
maintain a GC content of 50-60%. The other primers were obtained according to
Table 3.1.

3.332PCR cou
Each primer set f ested single amplification product from
““‘h._

positive control (Sphiugebiuni 5p. strain Fms pcrfonncd in a total volume of
30 pl containing 20 ¢ .
and 0.5 U Tag DNA' Paiffiuétase (Biolabs) (or 0.5 U ExTag DNA Polymmse for
ahdA3RT and ahdA#R and
strain (Sphingobi
strain R2; Pseudoxan(iomands 4p. Siidin RN S ‘ric?rmcaf.f]hl 109).

The condition of.
for 2 min
for 30 sec
ach designed primer for 30 sec
for 45 sec

for 6 min.

:::qmﬁmmﬂ'm -
RL: Wk Ninesd HamIng. .

200 mgl'l lubricating oil (PTT V-120), distilled water, and 0.1 wt% a non-ionic
emulsifier (Tween-80) for stabilized mixer. The mixer then was stirred with stirrer for
20 minutes. This artificial wastewater concentration is close to found in car wash
wastewater in Thailand (Panpanit, 2001).
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Y (bp) )
Gene encoding for alkane 271 48 wo

alkM-R , et al., 2002

IFF | Gene for alpha subunit of | TATITGGUGGACTICTECTC 78
e ; VI i3 e 424 52 In recent study
bphA1f-R ring hydroxylating dioxygenase . HGATCGACG ‘ . 901
xylE-F Gene encoding for catechol ( GT 5 3 258 sy Cunliffe
xylE-R 2,3-dioxygenase 217 et al., 2006
e Gene for 168 rDNA 35 iR g5 | Foumma
168-R Seive .| CTTTACGCCC 499 et al., 2006

ﬂummmﬁwmm
ama\amm UA1INYAY
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3.4.2 Sphingobium sp. strain P2 cell preparation
For inoculum preparation, Sphingobium sp. strain P2 was inoculated from
freshly streaked two days Luria Bertani (Sambrook ef al., 1989) or LB agar plates into
50 ml 0.25 x LB media. After incubation at 30°C for 24 h in an incubation shaker
(200 rpm), the culture was spun down at 8,000 rpm for 10 min. the cell pellet was
suspended in 0.85% NaCl to wash cell and centrifuged at 8,000 rpm for 10 min in

duplicate.

3.43  Cell immobilization ’/ 7 material
The cell was cultired together With*€hitoSan flakes in CFMM medium with

.-_J.
) 3.42 was added into 500 ml
CFMM medium con g2 5%  lubricating oil, and 1.25 g of chitosan. After
| «r (150 rpm), the immobilized cell

incubation at room
. 4) for ﬁ'pe,f:.&ll separation
as dried in laminar flow for 4

was poured througl
from immobilized ce

FK- bottle and shaking at 200
rpm;-30 °C.. '

This study wa$ divided into two : Sphingobium sp. strain P2 in the form
o sl iV bl & 1)

U

SV i wyain gy r:af: ankiiele

The cell pellets of Sphingobium sp. strain P2 from 3.4.2, which was suspended
in 0.85% NaCl, inoculated into 80 ml of artificial wastewater in 250 ml flasks and
closed bottles to make final ODgy equal to 0.2 and allowed to grow at 30°C. The
flasks which contain only artificial wastewater were used as control. The sample and
the control was collected every day for five days in triplicate to analyze microbial
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enumeration, amount of lubricating oil recovery, and survival of Sphingobium sp.

strain P2 as method described in 3.6, 3.7, 3.8, respectively.

3.4.4.2 Degradability test with Sphingobium sp. strain P2 in the
form of immobilized cell with chitosan

The immobilized cell from 3.4.3 (2.5 g/l) was added in 80 ml of artificial
wastewater in 250 ml flasks and closed bottles and allowed to grow at 30°C. The

flasks which contain only chitoss ficial wastewater were used as control. The

sample and the control was collected | for five days in triplicate to analyze
microbial enumeratio

Sphingobium sp. stra

3.5 Application

1 Was'co \ grease-trapping tank.

352 Cell tﬁpﬁ gri r al
Immobilized -d follo ethod in 3.4.3
353 Application of fubricating o
in Zdlﬂﬁmﬂ@}ﬂ ioreacto
This expheiiea ed in 2.5 g/l of im dilized cell added into the 3
1 and 350 | airlift-Bioreactor con 't\"‘- aulic retention time (HRT)
was 2 hr. The control of each sample was influent wastewater to airlift bioreactor.
The wastewater and ifmebilized cell from.3 | airlift bioreactor was collected every 3

days and cﬂ'yw .%%ﬂ mfﬁuﬁﬂ ﬂm}:ﬂe‘} a part of 350 I airlift

bioreactor, the wastewater and 1m4nﬁbihzed mlﬁas collected ﬂ:&?’ 3 days and every

TR T A
micrqul enumeration, amoun ubricating oil recovery, and survival of

Sphingobium sp. strain P2 as method described in 3.6, 3.7, 3.8, respectively.

degradation with immobilized cells
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3.6 Microbial enumeration

3.6.1 Total cell count in oil-in-water emulsion

The 10 pl of serial ten-fold dilution (10%-107) of cell suspension in oil-in-
water was dropped on LB agar plate in triplicate to determine the total amount of
bacteria. The plate was incubated at 30°C for 2 days. The number of strain P2 was
calculated in CFU per 1 ml of artificial wastewater.

3.6.2 Total cell count in car

To monitor the s
immobilized cell was susp
immobilized cell w:

vortex mixer for 2 madf in_d

iately vigorously mixed with
al ten-fold dilution (102-107) of

cell suspension wagsropped o1 ‘plate in triplicate to determine the total

(Rajh et al., I'! 5). After adding ! 1
stearyl alcohol {ing'nal standard d and sh&n at 200 rpm for 30 min in
duplicate. Chloroformi phase then was taken into new tube and evaporated until final

mlmwﬂbﬂﬂ&i’]ﬂﬂﬂ’iwmﬂ‘ﬁ

2! Lubricating oil qlépnh ﬂcahun

RN TR IS e MR (140 P
su!vq'lt tanks including n-hexane for min), dichloromethane (DCM) for 6.5

cm (12 min) and 4 cm (5 min), DCM/methanol (95/5, v/v) for 1 cm (1 min),
respectively to increasing polarity for separate saturated and aromatic hydrocarbon
from resin/asphaltenes. Finally, the silica rods were quantified by using TLC-FID
(IATROSCAN MK-6 TLC-FID Analyzer) with scan speed of 30 sec/rod. Flow rate
of hydrogen for the FID was 160 ml/min. The retention time of stearyl alcohol,
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saturates, aromatics, resin, and asphaltenes was approximately 0.35, 0.13, 0.24, 0.42,
and 0.47 min, respectively. Amount of lubricating oil was analyzed by comparing to
a standard curve of lubricating oil.

3.8 Quantitative Real-time PCR assay for determination of gene copy number

3.8.1 Recovery of Sphingobium sp. strain P2

The samples were recove I:mgabmm sp. strain P2 to determine gene
copy number by fnllr:rwmg m

3.8.1. l str:m P2 in the form of free

The wast s ,' 5om\3.4.4.1 and 3.5 were centrifuged for 15 min at
12,000 rpm, 4°C to.e0llegt cellpelict. ‘The cell pellct was extracted DNA as describe

strain P2 in the form of

The wastewater sgmplesfrom 34422 .5 were done as well as method in

3.8.1.1. The immobilized cell s :w 4.4.2 and 3.5 were suspended in 1.50 ml
- fl" ol

0.85% NaCl and ﬁnnd ﬁimﬁz’ thié In as sonicated for 3 min and

| rifuged for 15 min at 12,000
rpm to separate cel and aqueous. The cell pellet was extracted DNA as describe in

“““‘Mﬁﬁ*ﬁmmmmm ‘
- Wizﬁ FARFATA T topa i C Y

meas red by using Quant-iT™ dsDNA BR Assay Kits with Qubit fluorometer. The
plasmid copy number was calculated using the following equation (Vaitomaa et al.,
2003):

(6 x 107 )(DNA concentration)
molecular weight of one genome

MNumber of copies per microliter =
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The molecular weight of 1 bp is 660 g/mol. 6 x 10” was the number of copies
per mole. The DNA concentration was given in grams per microliter. The molecular
weight of one genome was given in grams per mole. Series of 10-fold dilutions of the
plasmid was prepared, and these dilutions of the plasmid were amplified with DNA
samples of Sphingobium sp. strain P2. Linear regression equation for obtained cycle
threshold values (Ct) was calculated as a function of known plasmid copy number.
Table 2.2 Plasmid was be used in this study (Pinyakong et al., 2003a)

Plasmid ‘
pUPA3412d .5kt "‘ nH1 flagment oprAEd inserted into BamHI-
whilA3, ahdA4, and ahdA2d
pMC4 “\* nnd flanking region of strain P2
pMC3 d flanking region of strain
3.8.3 Real-time

The primer setfad r gene was used for quantify

amount of Sphingobium of by real-time PCR assay. Real-time
15
PCR experiment was perforied is Real-Time PCR detector associated
u " " P - = ¥ " "
with MJ Opticon Monitor Amalysis {Version 3.1, Bio-Rad). The reaction was

conducted in 0.2l : ‘ —:" ad 20 pl reaction volumes
containing 1x iQ : BR® G ﬁ selected primers, and 2 pl of
d and DNA samples). The

”“""“’“‘ﬁ“ﬁﬁﬁmﬁ‘%ﬁﬁﬁ'ﬁ B

template DNA (1€ u nes dilution series of plasmid s

2 Denaturing step g for 15 sec
AR R N‘lﬁ'?f’Wl Eﬂﬂ =
Extension step at 72°C for 30 sec
5. Plate read
6. Go to step 2 for 39 times

=

Melting Curve from 65 °C to 95 °C, read every 0.5 °C, hold 10 sec




CHAPTER IV

RESULTS AND DISCUSSIONS

4.1 Primer design and specificity primer test

4.1.1 Design primer of g “wm

lubricant oil degradation

had high efficiency to degrade
t wastewater in petrol station. It is

characterize microbial popfilafiof ii'siti By detectionand quantification on gene which
respects to degradation g I this, experin PCR primer sets targeting
dioxygenase genes in ymatié nd degradation of this strain were
designed for quantificatio

PCR primers were ck | S
Sphingobium sp. strain P2, The squences.were retrieved from GenBank accession

--l"__..l_l_a-_f

no. AB091692. Thﬁ‘lPﬁR primers which ferredoxin of dioxygenase,

respectively, were deﬂn&d using ‘softwe v&ion 0.4.0. A description of the
PCR primers is shown indTable 4.1.

b1 FCRF.LH% ﬂﬂ,ﬂ?‘wmﬂ‘i

Expected
product
size (bp)

ahdA3RT-F . 5-GACGGGGTATGTCTTGATGG | 51 B
abdASRT-R | forvedoxm 5*-TTCGTCACCGACAATCTTTG | 212
adhA4RT-F | ferredoxin 5"-TCAACAACGGGATCATCGTC | 764 o5
adhA4RT-R | reductase 5'-ACATCGGCTTGCAGTAGGAG _ | 958

2,3- ’
bphC-F 5"-CACGAACTTTCCGTACATGG | 478
bphC-R ‘l’g"’"’m“?ﬁ biphenyl | 5, CTCCGACGATCTTGCCTATC | 727 )




4.1.2 Primer testing for Sphingobium sp. strain P2 detection

After PCR primers were designed or obtained from other researches, each primer
set was tested and optimized PCR condition with DNA of Sphingobium sp. strain P2 by
PCR amplification. Primer sets adhA3RT and adhA4RT were specific to adh43 and
adhA4 (Ferredoxin and Ferredoxin reductase: components of ring-hydroxylating
dioxygenase). Primer sets bphC and xylE were specific to bphC and xylE (2,3-
dihydroxybiphenyl 1,2-dioxygenase / 1 2,3-dioxygenase: group of extradiol

oxygenase). hA1F was specific to bphAdlf (the

terminal dioxygenase mw ip !

sets was alkM which speci alki

atom more than 12).
For primer se _bphC, and xylE, the amplification with Sphingobium

sp. strain P2 DNA coiral o

products of the expected si _f_- [+4.3).In hek: eantime, no PCR product was

observed with Sphingobi imer sets adhA4RT (Figure 4.1)

bphAlF, and alkM (Data As a4 esult, primer sets adhA4RT might not
amplify with optimized cnnditi;;i’%p : e-control and Sphingobium sp. strain P2
DNA still had non-q&:ﬁcm {Flgum 1), In of primer sets bphA1F, bphd If
of Novosphingobium @romaticiy 1 dble the presence of the sixth

terminal oxygenase mgmn P2 (Pir ng et al. Dﬂ?@. Moreover, this primer set was
designed from bphAIf sequence of strain F199, so it might not have complimentary with

DNA sequmﬁ%mnﬁgsw ﬁaﬂ}ﬂ@ primer might not specific

for bacterial strdih Sphingobium or %‘phmgamanas (Kohno et al., 2{102} For these resons,

“‘”’"ﬂﬁﬁ’ﬂ"ﬁ‘ﬂﬁ‘fﬂ‘%ﬂ‘lﬂﬂ IR R
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M1 2 3 4 5 6

164 bp 195 bp

-_,..-""
Figure 4.1 PCR pmduc_wﬁﬁf ors ::In.[h/?)0 RTF, adhASRIR, adhA4RTF and adhA4RTR
using plasmid pUPA342 f mgobi 1 sp strain P2 as DNA template. The specific

J ane M 50 bp ladder DNA marker, Lane 1: negauve

product of primers adhA4RTE; _a.ﬁd dhm using plasmid pUFAHEc (positive
control) and DNA of Spﬁrmgﬂbmm sp slrmm}f? as template, respectively. PCR product

size was 195 bp. E.H'_"ﬁ {J
Y \
-\_-'I 1.3
250 bp

Figure 4.2 PCR products of primer bphC F and bphC R using Sphingobium sp. strain P2
as DNA template. The specific product was indicated by arrow. Lane M: 50 bp ladder
DNA marker, Lane 1: negative control, Lane 2: PCR product using DNA of Sphingobium
sp. strain P2 as template. PCR product size was 250 bp.
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215bp ——»

Figure 4.3 PCR pmdM_. xvIE\E and x'?l‘EJj‘using Sphingobium yanoikuyae

strain Bl and Sphingobju sp” stk as DNA template. The specific product was
i ' . o N -

o
lﬁn with each primer set from previous

-
-

The specificity test of PCE.'_ﬁ'mp
experiment was determined Mﬂ?’fﬂﬂ:ﬁﬁ
gene (strain PE}‘*-':II
Pseudoxanthomonas E’p strain Rﬂm, r.u:'d ria coli JM 109). PCR

iye control strain containing the target

iletobacter sp. strain R2,

amplifications of 165‘4]]1‘\].& were also dr.}n-: w1th bolhipasuwe and negative control
strains. As a _ pﬁ : ] f Ze AVELR, O from the amplification
with all pﬁm@nﬁﬂ nﬁy !fTF uﬁgmﬁ CR product of expected
size from negative control strains w# observed. Unexpected, the ROR product of primer
st by Wi PNl ] RN Wfobee @l ety PR prode
of largeﬂ size. Therefore, PCR primer set adhA3RT was chosen for real-time PCR
experiments because this primer set no any nonspecific products were observed when
used to amplify based on PCR and newly designed. Furthermore, the primer set was

compared 1o nucleotide sequence in GenBank database using software BLASTn

(http://www.ncbi.nlm.nih.gov/), and the result showed no sequence similarity with other

strains in this data base.
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Figure 4.4 PCR products /obiained ".\hen‘”lhlﬁg primers specific for 165 rDNA (A),
adhA3 gene (B), bphC gene }, rﬁ‘ﬁ' g:ne_@lfLanF M, 100 bp ladder DNA markers;
Lanes 1-5: PCR product usmg u.-g{_gi' DNﬁ_—'efi Sphingobium sp. strain P2, DNA of

Acinetobacter sp. stralrll R2, DNA oFP.rem‘biﬂ'nl’ﬁhmmm ip. strain RN402, and DNA of
Escherichia coli JM mﬁmhwﬁ}- =] j

i

4.2 Determination thﬂ survival of Sphingobium sp. strain P2 during lubricating oil
degradation with different air mode in/flask-laboratory scale.

4.2.1 Lubricating oil degradability test with Sphingobium sp. strain P2 in
the form of free.cells
Lubricating ‘oil degradability”test of strain ‘P2’ with”’ air supply’and without air
supply was tested in order to know the effect oxygen to degradability and survival of
strain P2 in the form of free cells. This experiment was conducted using 80 ml of 200
ppm lubricating oil-in-water emulsion in 250-ml flasks and closed bottles. All flasks and
closed bottles were shaken at 200 rpm, room temperature for 5 days. Then, samples were
extracted using chloroform with NaCl addition and analyzed for the amount of oil every

day using TLC-FID. The flask with no bacterial addition was used as a control.
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Moreover, primer specific for gene encoding for ferredoxin of ring-hydroxylating
enzyme (adhA3) was used to quantify the survival of strain P2 in oil-in-water emulsion
calculated from standard curve equation (Figure 4.7). In addition, number of bacterial
survival during the experiment was also determined by total plate count.

According to Figure 4.5, amount of lubricant oil from air supply condition
decreased to 78.71% of initial concentration within 1 day and dramatically decreased to

24.84% of initial cnncentraunn other hand, amount of lubricant oil from
without air supply condition %o of initial concentration in day 1 to
52.62% of initial concen day 8 Asaresuitynumber of bacteria from air supply

condition was no significani=¢hafice, which was ranged from 2.40x10' to 4.00x10"
CFU/80 ml (Figure 4.6). g4¥ecanwhile, the number of bacteria of without air condition
decreased from 4.00>10 12510°-CEW/80 mil (Pigure 4.6). Furthermore, the result of
the detection of strair éidtine PER technique shown in Figure 4.8 revealed that
in the first 2 days of in

conditions. Afterwards, afofint’ ot a3 gene, copies increased dramatically in air
supply condition from 3.14%10° 1 ﬂ qadhd3 gene copies/ 80 ml. On the other
hand, amount of adhA43 gene m@ v ai supply condition increased until day 2
from 3.50x10° to 1. A3 ger ed to 6.09x10° adhA3 gene
copies/80 ml in da ----------- ¢ria using total plate count and

lubricant oil recovery. It seems
probably that growth o{,stmm P2 was li t:d by air supply, and the activity of oil

degradation Wﬂlﬂ)ﬁ %%ﬁm ﬂ ﬁﬁ: ﬂﬂs requirement of oxygen in

enzyme reactiofi/involved in oil ?ndatmn might be the reasnn for this (Peng et al.,

m’ﬂ RIAINTUNRIINYIAY

quantitative real-time 5[{ also re
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Figure 4.6 Survival of bacteria in oil-in-water emulsion in each different air mode
after 5 days of incubation: with air supply condition (M), and without air supply condition

(0).
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y=-3.468x + 44.42
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Figure 4.7 Standar he A 4 i sene copy numbers from Real-Time PCR

amplification assays ai ' ]:Io:'-'g o Ibgarigm of the gene copy number
g l:' '

(equivalent to the plasmid copy l.u"n]m':-rJ

1.00E+11

1.00E+10 -

gene copies/80 ml)

adhA3 gene copies number

ARINNTUERTINYIREY

Figure 4.8 adhA3 gene copy numbers by real-time PCR using oil-in-water
emulsion sample after 5 days incubation: with air supply condition (M), and without air

supply condition (O0).
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4.2.2 Lubricating oil degradability test with Sphingobium sp. strain P2 in

the form of immobilized cells with chitosan
The chitosan-immobilized cells of strain P2 were prepared by cultutivation of the
bacteria with chitosan in CFMM media containing 200 ppm lubricating oil. Chitosan-
immobilized cells were then separated and dried before using for oil-in-water emulsion
treatment. Chitosan-immobilized cells {2 5 g/l) were added to 200 ppm artificial
el bottles for determination of lubricating oil .

ly and without air supply conditions.
ad only 2.5 g/l flake chitosan.
The amount of lubrieating 0il femainec cunlml treatment decreased until

day 3 (73.87% lubricating® y) \_\ 1l day 5 (99.87% lubricating oil
recovery) (Figure 4.9). It wasprobably that the adsorbed residue oil clogged in the pores
of chitosan (Ahmad es@l. 2005 ) fime gc \ the force of amino site in chitosan
was not strong enoug ' : idi - of centrifugal force of shaker.
According to the result, pérce ; bri ing oil'rec very of chitosan-immobilized cells

in air suppl}r condition decyéa i : itial concentration in day 5(Figure 4.9).
| hitosan-immobilized cells in without air
ased to 5 : entration in day 3 and gradually
increased to 63.24¢ ')r tial con silf might have occurred as the
control treatment. m

ﬂ‘iJEJ’W]EJWﬁWEJ']ﬂ‘ﬁ
Q‘mﬂ\"lﬂim UANINYA Y
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Percent of lubricant oil remaining

0 -

0 4 5
Figure 4.9 Percent @ T ' ing degradation by Sphingobium sp.
strain P2 immobili for s of incubation with different air mode:
control (W, lubricant oilffegbvéry' in shelpresent of Sphingobium sp. strain P2 from air
supply condition (A) and ‘

The presence of strain P2 "- emulsion after incubation in oil-in-water
emulsion were determined bf:@ igue and quantitative real-time PCR.
Figure 4.10 showec “:v s-of exal a survival in chitosan and oil-
in-water emulsion. The! initial numb 1 atr supply and without air supply

conditions were 9.00xT0° and 6.00x10° CFU/0.2 g chitosan respectively (Figure 4.10A).
When the tim f % SR i air supply conditidn little
dropped to IW&J mm ﬂmmh maximum at day 3
(1.50x10’ 2.g chi m in'P2 at day 4 and 5 were
lﬂ*ﬂﬂﬁ ﬁjﬁ(ﬁ !&‘ﬁ"ﬁ dﬁlﬁﬂmm the number of

strain P2 of without air supply condition was gradually increased to reach maximum at
day 4 (3.00x10” CFU/0.2 g chitosan), and a few dropped at day 5 (1.65x10” CFU/0.2 g
chitosan). According to Figure 4.10B, no bacteria were observed in the emulsion before

the addition of chitosan-immobilized cells into the emulsion. When the immobilized cells

were incubated in the emulsion of both conditions, there were bacteria populations in the
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emulsion phase. This indicated that some bacteria came off from chitosan. In air supply
condition, the amount of strain P2 in the emulsion increased rapidly (1.04x10” CFU/80
ml at day 1). Afterward, there was no significantly change of number of strain P2 in
emulsion in which the number was ranging from 1.60x10* to 8.00x10* CFU/80 ml. In
other word, the number of strain P2 in emulsion from without air supply condition was
8.00x10° CFU/80 ml at day 1, after that it increased to range from 8.00x10’ to 8.80x10*
CFU/80 ml.

\///
A) lmwui . J'//E_f_

A M

Total cell count
(CFU/0.2 g chitosan)

B)

.
e

! Total cell count (CFU/80 ml)

—

gt
R

Pl

Figure 4.10 Survival of bacteria in chitosan (A) and oil-in-water emulsion (B) in each
different air mode after 5 days of incubation: with air supply condition (H), and without
air supply condition ([1).
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As a result of quantitative real-time PCR, the number of adhA43 gene copies was
represented the amount of strain P2 in chitosan and oil-in-water emulsion which
calculated from standard curve as shown in Figure 4.11. The initial adh43 gene copies
number of air supply and without air supply conditions were 1.13x10° and 3.00x10*
adhA3 gene copies number/0.2 g chitosan (Figure 4.12A). In day 1 to 5, the adhA43 gene
copies of air supply condition was ranged from 2.52x10° to 3.12x10° adhA3 gene copies
number/0.2 g chitosan which 1,_ 5 1

condition (2.13x10° to 2. 1% ot
-_--I#_I P .
water emulsion, there wum.f gefe cg;bsew&d at the initial day (Figure

. igure™. 0B Stibss \gbix;immohilized cells were added in
oil-in-water emulsion™for *ta¥, Tt as the r of adh43 gene copies in the

3 gene copies of without air supply

ies number/0.2 g chitosan). In oil-in-

emulsion which was rifiged Tron’ 1-27:10% 0 3.71%10" and 1.17x10° to 4.80 x10° adhA3
gene copies number/8( 1 : t‘ﬁ; supply conditions, respectively
for 5 days of incubatio

The reason why g oil of chitosan-immobilized cell
was higher than percent - | of strain P2 in the form free cell

because the initial amount of ﬁniusan-'_ . _r_lﬂ ized cell (9.00x10° CFU/0.2 g chitosan)
-, J‘f iy
was less than the mﬁx] m.llﬁ'ﬁ-f’# : of free cell (2.40x10'° CFU/80

med by both techniques did not
equal, both techniques ﬁ' cells did not effect to degrade
lubricating oil. In canu'%vl, the factor that eﬂ‘bct for lubricating oil degradation was air

supply of the tﬁa AJW ﬂﬂnﬂmmmumm research studied five

different modesje plying uxygen toam film reactor (MABR) and

NN N 10NN i ()12 e

real-time PCR was less than plate count technique was some problem during recovery
and extraction DNA of strain P2 samples. In addition, chitosan-immobilized cells could
extend the survival of strain P2 than in the form of free cells when the cells were in

without air supply condition for 5 days. These results might be described by the work of
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Gentili er al. (2006) involving in an examination of the survival of Rhodococcus
corynebacterioides strain QBTo immobilized on chitosan during storage in polyethylene
bags at 25°C and revealed that the inoculants maintained their initial viable cell count for
45 days at 25°C. Therefore, chitosan-immobilized cells incubated 5 days in without air
condition was not long enough to effect amount of bacteria in chitosan, while the without
air condition effected to survival of strain P2 in the form of free cells.

r 35 'l// y=-3.422x + 41.86
) 30 B ‘// R’= 0.966
% 25 1 —yEfficiency= 95.99%
20 =
(s} 15 - \
10 1
5 e
0 - - w - v T L]
1.00E+0S 1.0 ’ IJ"" !'Z-‘- '3‘ 07 1.00E+08 1.00E+09
2AR AR N
35 "’m-d -t
B) —— y=-3.56x +41.87
30 R L b 2 NS R%=0.995
25 i )
-H - ; — Ef ciency= 90.94%
g 15 E

10

AL INENiNngns
awmmﬂmﬁﬂmm

Figure 4.11 Standard curve of the AdhA3 gene copy numbers from Real-Time PCR
amplification assays obtained by plotting the logarithm of the gene copy number
(equivalent to the plasmid copy number) vs. the Ct value for calculate number of bacteria
in chitosan (A) and oil-in-water emulsion (B).
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A)

adhA3 gene copies numbe
(adhA3 gene copies/0.2 g
chitosan)

adhA3 gene copies number
(adhA3 gene copies/80 ml)

Figure 4.12 adhA3 'gene copy numbeérs by Real-time PCR using'immobilized cells with
chitosan (A) and oil-in-water emulsion (B) : air supply condition (M ), and without air

supply condition (7).
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4.3 Application of immobilized cells to Reactor-Scale

43.1 Application of lubricating oil degradation with immobilized cells in
3 1 airlift bioreactor

According to the previous part is study, the quantitative real-time PCR could
predict the amount of strain P2 in thjufmnpics. Therefore, this technique was
applied to quantify the numhurf strain aeWistewater treatment system. Recently,
research was developed @é& airffht bmr@ treating wastewater from petrol

station (Figure 4.[3].}0('_'_

experiment which hydrauis

olume of this study was 3 | for continuous

ne (HRT) was ;hours Wastewater used in this
study was collected fi ' 'itagk‘mr PPT stdtion, Sanam Pao, Bangkok (Figure
4.14) and blended wi Iu'liTnc IWEQII and 0:1% Tween-80. The amount of
| in;fhe teactor was 25 g/l. The experiment continuous
fe rt:pmrﬁ f‘mdpth The influent and effluent samples

were collected every 3 day or_;c;;giwm

chitosan-immobilized ¢
flew the wastewater in an

congentration. In addition, the chitosan-

J‘.FLI'L b ned # A e J
immobilized cells and the effluehtere det ed for amount of bacteria by plate count
___,.-""___"IJ i ¢ “i l"‘hdq-—.
technique and real-time PGR." N .
: » Wi

Figure 4.13 Airlift bioreactors containing 3 | wastewater
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After passing néle(thuent wastewater, the bioreactor reached a steady

state at 8§ hours with 4 pma] ;fi‘gurt 4.15) " The steady state condition was
assumed to be reache 'pn.s.s;;.c:;;ﬂ'i_l removal almost constant with increasing
afing ofl y;:'mcéﬂﬁmfen el influent and effluent were 187.53,
and 16.83 ppm, which avegize Ew;:\wt::;ﬁhejnmal '\n as 91.02%. From Figure 4.15, the
efficiency was dropped 16 5385 1 and *\” Ef@il remmal at day 6 and 12, these might be
the effect from Lhitﬂwm-{mmuhﬂl’hi‘&l Lgllnﬁhnh For this reason, the system was not
into steady-state at day 6 and HL-—ﬁfﬂd ulun&?ﬂﬂtﬁy state later within 2 days.

The 1nﬂucm.a% COD conce '_‘ ~presented in Figure 4.16. The

effect of lubricating ﬁ‘{.’l’.degradatinn by chmﬂ—mhiﬁ}“ﬂd cells on COD removal was

examined by chemi-.;al-) nxygen demand reagents. From the result, the influent COD
concentrations 'M:[‘e hlbﬁeﬁ'h.?n eﬂ]u{.g; C @ﬂ' wm,::nu‘anum iﬂr 26.67% average COD
removal. T her'efilri. 1His! Elﬂ.llﬂ hﬁmfﬂm @uld rémovd CODYconcentration. However,
CcoD L{:mmtratmn was stilled hlghai‘ more than C-DD standard vaiux: as shown in Table
4.2 {Icmlhm,zt}ﬁ ﬁiﬂ.} arld pb&él:ﬂ {IGD ﬂ:mmaj in/ Ih-i lﬂ daya w;m, very low. This is
pml:-ably.du:: to chemical structure of Tween-80 that was recently added in wastewater
which are resistant to chemical attack (Panpanit, 2001). In addition, after oil was
degraded, the compounds might be changed in another form of hydrocarbon that could
not be detected by TLC-FID, but could measure by COD analyzation. Thus, efficiency
for reduction COD concentration was low. While COD concentration of wastewater

before added 100 ppm lubricating oil and 0.1% Tween-80 was under standard value.
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Percent ofl removal (%)

Amount of oil remained (mg/l)
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Figure 4.15 Percent ng degradation by chitosan -

immobilized Sphing | : actor for 1 month of incubation:
LA \
amount of oil remainedfin i ‘(E ~and efflucnt (A). The percent oil removal ( x ).
frau_ 2 o\
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9 W’Tﬂﬂf’lifﬁ“ﬂm’l’l nefe -

Figure 4.16 COD of wastewater after treatment compare with wastewater before
treatment from 3 | airlift bioreactor: amount of oil remained in influent (M ), and effluent
(A). The percent oil removal ( = ).
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Figure 4.17 showed the survival of bacteria on chitosan and effluent wastewater
during 1 month of incubation which determined by plate count technique. The initial
number of bacteria on chitosan was 8.21x10'° CFU/7.5 g chitosan. After the bioreactor
was reached to steady state, all the inoculants maintained their initial viable counts on
chitosan which was ranging from 9.00x10” to 3.04x10' CFU/7.5 g chitosan for 25 days.
At 30 days, a decrease about 2 orders of magnitude was detected on chitosan (1.13x 10°
CFU/7.5 g chitosan). In the efﬂuentll er, amount of bacteria was ranged from
6.57x10*to0 7.62x10" CFUrllfur 30 days//

1.OOE+11 -

1.00E+10 -

v e s 20 25 30
T .-Eﬂi:-[ 4
Figure 4.17 Survival of bacteria in chitosan m@ﬂvﬁv’l:mmr in 3 | airlift bioreactor after 1
month of incubation: chjggsan CFU/75¢g chﬂnsan (m ] and wastewater; CFU/3 1(0O0)

Y

For tha‘ﬂ:sﬁ}gscﬂ qldniq 4 aélecaoﬁ' df g}md Iﬁliomthltosan and wastewater, a

standard curve "évas constructed using different_plasmid conceptration of pUPA3412d

plasmldgﬁ'ﬁ?m Iﬂﬂ};jﬁiﬁ ”ﬁh‘gﬁ[téd _ s&i‘npqﬁ”ﬁ}:’% !hj;lqﬁutiud wastewater were

quantitafively detected using SYBR green d}rc based real-time PCR, and the results were

shown in Figure 4.19. The initial amount of adh43 gene copies number was 1.62x10®
adhA3 gene copies number/7.5 g chitosan. After the system entered to steady state, the
amount of adhA3 gene copies number was ranging from 1.55x10° to 3.87x10* adhd3
gene copies number/7.5 g chitosan for 25 days. The amount of adhA3 gene copies
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number was then decrease to 1.92x10" adhA3 gene copies number/7.5 g chitosan at day
30. In part of effluent wastewater, the amount of adhA43 gene copies number was ranged
from 2.63%10° to 3.57x107 adhA3 gene copies number/3 | for 30 days. According to the
results, the amount of bacteria determined by 2 techniques had similar trend, and
indicated that the inoculants on chitosan trended to decrease 2 orders after passing time
for 1 month. From this experiment, the result was agreeable with another research
(unpublished data) which studied the treaument sewerage wastewater in petrol station by
3 | airlift bioreactor. The res showed Al itosan-immobilized cells could treat
sewerage wastewater and.had-Cfficiend m\rmge amount of oil 37.28 ppm.
Moreover, the number™ :

research tended to de:

san_by plate count technique of previous
xperiment. The ratio of adhA3 gene
copies number in chit®sz m in Table 4.2. In most case, the
number of adhA3 geng
adhA3 gene copies number
tend to adsorb in chitoss
bacterial cell immobilizatign al#
system. '

gher than those in wastewater except for
atin values showed that strain P2 was
ive in wastewater. Therefore,

cells to survive and grow in the

9 1.00E+03 1.00E+05 1.00E+07 1.00E+09
Plasmid copy number
Figure 4.18 Standard curve of the AdhA3 gene copy numbers from Real-Time PCR

amplification assays obtained by plotting the logarithm of the gene copy number
(equivalent to the plasmid copy number) vs. the Ct value.
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Figure 4.19 adhA3 gc/ Bcrsw-hme PER using immobilized cells with
chitosan and wastewa - Mg m 3 airli bamac!ﬂr chitosan; adhA3 gene copies
number/7.5 g chitosan ().

Table 4.2 Ratio of adhA3

bioreactor.

Day

1
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10 z
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43.2 Application of lubricating oil degradation with immobilized cells in

350 1 airlift bioreactors

Not only 3 | airlift bioreactor was developed by previous research, but also the
airlift bioreactor was extended to 350 | working volume in field-scale (Figure 4.20). This
bioreactor was continuous-flow c‘{perim{;n;t, Wastewater from oil trapping tank in petrol
station was flew to storage tank, then the '.1; ;al'_(‘,(‘;wﬂ"l::r was input to 350 | airlift bioreactor.
The treated wastewater waSdisehdrged ip scw&gmim] station. The hydraulic retention
time (HRT) was 2 houmse##€ hptl and ouipul Wastewater sample was collected almost

every day to analyze toi letiit hyvdrocarbon and@OD concentration for 2 months.

The chitosan-immobilj sfand oiifput Wastcwater were collected every 2 weeks to
g 4 & \ b
determine amount of bag plateToint techuique dnd real-time PCR.

The total pelrolg TD-ES’I'qu] of \influent and effluent wastewater was
W W,

g e i
presented in Figure 420 The. avéiase a:af input and output petroleum hydrocarbon
g o d Rk " r :‘1 .':

concentration was 6.1, 'Y ppm, ‘gﬁpwtﬁrﬂ;}f. An average of petroleum hydrocarbon

removal was 68%. Even fhodghi<the Euffj’@ng oil were added to 150 ppm final

concentration in the input wasiéWaier, the lrated, wastewater from airlift bioreactor was
et ST e S

decreased to 46 ppr{l,:Ectmleum hydrocarbon which oil ;':_nfu_yal was 69%.

=

Stroraee tank Air pipe :
T T e i =,

Figure 4.20 350 | airlift bioreactors located at PPT station, Sanam Pao, Bangkok.
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Figure 4.21 Percent of ca oif; very during degradation by chitosan -

airlift bioreactor for 1 month of
), and effluent ( A). The percent oil

immobilized Sphingobitim B
incubation: amount of oil m&m i

removal ( * ). ...—_,..#e‘:ff‘f’ i,{‘,
The COD céngentratic -l oxygen demand reagent which
was explained in Flg@ 4. ] anﬂ:ﬂlucnt COD concentration was

89, and 59 ppm, mspecw The average C D concentration removal was 33%. At day

46, the 1nﬂu:ﬁmglf}1ﬁﬁl %@ 'wag ﬁﬂ:ﬂ:ﬁﬁm airlift bioreactor could

reduce the COB content of uﬂlucnt wastewatcr to 152 ppm. Accordmg to the existing

ST T T TR o
content (0 ﬂ 5 e nt . The effluent oil

content also conformed to the standard. Therefore, the airlift bioreactor could remove
COD concentration and this wastewater could be discharged to the public sewer system.
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g

COD concentration (mg/l)
COD removal (%)

i .. itment compare with wastewater before

Figure 4.22 COD value of
greact of oil remained in influent ( M ), and

treatment from 350 1 airlift bidreactor: amoun
effluent ( A). The percent oil refoval { <) 1%

Suspended Solids mg/l <60 Glass fiber filter disc
Fatty oil and Grease mg/l <15 Solvent extraction
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The bacteria were recovered from chitosan and wastewater in the 350 | airlift
bioreactor and determined amount of bacteria by plate count technique and real-time
PCR. The chitosan and wastewater samples were taken every 2 weeks during 9 February
to 23 March 2010. The amount of bacteria survival in chitosan was ranged from
5.25x10"" to 3.54x10" CFU/875 g chitosan, and the amount of bacteria survival in
wastewater was ranged from 8.51x10"" to 2.52x10"* CFU/350 | (Figure 4.23). From the

result, there were many kinds of Qiﬁ*l* gwd in chitosan and wastewater thus this

method could not enumeratean ing mictoorganism.

Total cell count

Figure 4.23 Survival - of bacteria in ewater in 350 1 airlift bioreactor

after | month of mcubatmn chitosan; CFU!E‘TS g ch1tﬁsan (M) and wastewater; CFU/350

@ AYHINENINYINT

The real‘time PCR could gxtend ab:!uLto cnumcmteq_gmntypcs involved in
A €01 1 ) e AT
specific o ferredoxin of ring-hydroxylating enzyme (adh43) to detect and quantify
amount of strain P2 using standard curve as shown in Figure 4.24. The DNA samples
extracted from chitosan and wastewater were detected with SYBR green dyes which were
described in Figure 4.25. When the system was operated for 1 month, the amount of
strain P2 in chitosan was almost constantly which was 1.17x10'° adhA3 gene copies
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number/875 g chitosan. On the contrary, the amount of strain P2 in wastewater trended to
decrease from 8.16x10® to 2.87x107 adhA3 gene copies number/350 1 because a small
amount of petroleum hydrocarbon which was average to 4.9 ppm. This might not enough
for cell growth. After the system was run for 39 days, the number of strain P2 was
decrease 1 order to 9.08x10* adhA3 gene copies number/875 g chitosan, but the number
of strain P2 in wastewater was increased to 4.62x10® adhA 3 gene copies number/350 | in
higher than a previous month. In week
7, the amount of strain P2 i in chitosan ter were increased to 5.34x10° adhA3
gene copies numberfﬂ?m @nd Gmadhd.? gene copies number/350 I,
respectively. This mig '

order that amount of petroleum h

bricating oil to final concentration was
150 ppm which made \ c. The ratio of adhA3 gene copy
numbers in chitiosan dnd wé // wﬂs * in \Tq 4.4, According to the result, the
number of adhA3 gene'copicsiin chitosan was highe r%n those in wastewater. In some
week, the ratio was lowdua tot : ‘ a.in chi asan. The excess cells of strain P2
could not be adsorbed in ghitsan‘élid grew in wastéwater. The results indicated that the
Gl " ad efficiency to remove lubricating oil at
least for 2 months. Morcovcrf;%gﬂ; to operate more than 2 months. The
experiment uperaunﬂmm ttﬁiiﬁﬁﬁyﬁéh withoutadding strain P2 for 18 days showed
only 7% oil removal il average (unpublisiied data)s T his indicated that the strain P2
plays an important mﬁ in the oil deg it E"stewatcr treatment system. For
more information, the d&tecnun of numher of adhA3 gene copies should be done before

g wﬁgg;@wm T

that real-time PCR technique could present lubricating oil-

iy 71
din emdon . 1,2-dichloroethane

dehalorespiring Desulfitobacterium dichloroeliminans strain DCA1 was quantified with
SYBR green I, and primer pair targeting unique regions of the 16S rRNA gene in a
bioaugmented monitoring well at Tessenderlo, St-Niklaas, and Harbor of Antwerp,

Belgium. This paper concluded that real-time PCR assay could be used to survey the
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abundance and kinetics of strain DCAl in in situ bioaugmentation filed studies.
Moreover, Brett ef al. (2009) used real-time PCR to enumerate aromatic oxygenase genes
for elucidation the impact of muti-phase extraction (MPE) on the function at a gasoline-
contaminated site. This study revealed that aromatic oxygenase gene which catabolized
further oxidation of hydroxylated BTEX metabolites indicated the potential for aerobic
biodegradation of dissolved BTEX during pulsed MPE.

35 1
y=-3.69x +41.21
30
25 |
oEfficiency= 89.95%
% 20 1
B 15
3

Figure 4.24 Stanc ’v ¥ umbers from Real-Time PCR

amplification asmysﬁb aIned ogaﬁhm of the gene copy number
(equivalent to the plasmid copy number) vs, the Ct value.

ﬂﬁﬂ?“ﬂﬂﬂﬁﬂﬂﬂﬂ‘i
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

biodegradation technique is.an-#aliernz lisminate oil-in-water emulsion. From the

previous research, Sphingobium s strain P2 has highly efficiency to degrade lubricating
oil in oil-in-water em - immobilized on chitosan and
developed to use in airlifibigf ter in petrol station

The main goal of ker gene and design specific

primer for detection /! ker genes during degradation of

lubricating oil by strain B ft bioreactor.

From this study, PC hich was specific for gene encoding
for ferredoxin of nng—hydrggim 1 (adhA3) of strain P2 was chosen for
enumeration strain P2 using real-time PCR, The @hd43 gene in this strain is involved in

aromatic compound-Catabolic pathwa al., 2003a). The primer set
adhA3RT was selectes e this primer set gav‘lmtablc: product size, had Ingh

specificity with ve no nonspécific am 1ficaunn product. Afterwgrd, this
primer set wafmg Qfm 32 the survival of strain P2
dunng luhncaung oil degradation in nﬂ-m-mtc&mulsmn mthépﬁ'erent air mode for 5
v, ] % Gy R 31 AR s s P2 n e
form of free cells. As expecting, amount of lubricating oil in air supply condition was
decrease to 24.84% of initial concentration in 5 days. In contrast, those in without air
supply condition decreased to 52.62% of the initial concentration in 5 days. The number
of bacteria of air supply condition tended to increase from 3.14x10° to 4.19x10'° adhA3
gene copies/80 ml, while the number of bacteria of without air supply condition tended to
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decrease from 1.57x10'° to 6.09x10* adhA43 gene copies/80 ml. In the form of chitosan-
immobilized cell, amount of lubricating oil in day 5 of sufficient air supply condition was
decreased to 40.16% of initial concentration, but those in the without air supply condition
decreased to 63.24% of initial concentration. Accordingly, the adh43 gene copies of air
supply and without air supply condition on chitosan was ranged from 1.13x10° to
3.12x10°% and 3.00x10* to 2.15x10" adh43 gene copies number/0.2 g chitosan,

A ies of air supply and without air supply
1.27%10° to 3.71x10” and 1.17x10°
ﬁnively for 5 days of incubation. This

ent was effect to decrease strain

respectively. Meanwhile, the adi
condition in oil-in-water e

to 4.80 x10° adhA3 gene

in P2 still survived for 5 days.

ng x& cating oil degradation was air
C

ined to survey the presence of

s the application of immobilized

from 350 1 airlift m@nﬁn' ‘bioreactor in petre m@n for indication the survival of
bacteria in real sinmtion#Tgc results shuw&i}lhat both of airlift bioreactors could remove

lubricating oiﬁ% ﬁ@ﬁ’frﬁtﬁwqﬂ? 5.1. In addition, real-time
PCR could detegt amount of strain ich more accurate than those obtained from total
plate cov igie. - nu 7 ot numbers revealed
that m{ﬂmj;m myaﬂm in wastewater
indicating that chitosan could adsorb strain P2 and provided this strain to exist in the
system.

This study revealed that Sphingobium sp. strain P2 had activity to degrade
lubricating oil and could survive in the system. Moreover, adhA3 specific primers and
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real-time PCR could be used for quantify this strain in bioremediation systems. The
information obtained could be used to further design effective wastewater treatment
system in petrol station. For example, the real-time PCR assay could be used to survey
the abundance of strain P2 when the condition of the reactor was changed, and could
specified effective long shelf life of this strain.

Table 5.1 Efficiency of 3 1 and 350 | &

qll ift bioreactor wastewater treatment system

350 1 Airlift bioreactor

Time 60 days
0Oil content 1.4-150 ppm
Oil removal
average 68.18%
maximum 100.00%
minimum 33.33%
COD removal
average 32.96%
maximum 73.4%
minimum 3.05%
Amount of bacteria
by total plate count

mwwﬂum%ﬁamﬂmﬁ”‘”ﬁ;ﬁmz

8.51x10"-2.52x10"

: ~) CFU3501
a 1 =
by real-time PCR
1.04x107-3.87x10® adhA3 9.08x10%1.18x10" adhA3
in chitosan gene copies number/7.5 g gene copies number/875 g
chitosan chitosan
= 2.63x10°%-3.57x10” adhA3 | 2.87x107-1.75x10” adhA3 gene

gene copies number/3 | copies number/350 |
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52  Recommendations for future work

Based on this study, some recommendations for further study are proposed as
follows: firstly, lubricating oil degradability test with different air mode should extend
incubation time for more than 5 days because if the time is longer, it will be more
observed the difference of amount of bacteria in sufficient and insufficient air supply
condition especially strain P2 in the form of immobilized cell with chitosan. Moreover,
: return to continuous system by done
Hilawand obtain air supply to examine
, Tween-80 degradability test by
ation efficiency. Finally, RNA
bricating oil degradation to test
RT real-time PCR.

~ the experiment should s
insufficient air supply comditic
degradability test and ameun
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APPENDIX A
Media Preparation
Luria Bertani (LB) broth
Tryptone
Yeast extracts

NaCl

Deionized water
For solid medium,
Sterilize by autoc

Carbon free mine

Per liter

MgSO,

(NH4)SO4

K;HPO,

KH,;PO,

Trace elememt e
Sterilize by autbelaving with pressure 15 1bfinch? a£131°C for 15 min.

(Perift .
I-!; 504 !

aon ﬂumwsmwmm

MESU. ?H:

m&a"mnmummmaa

CuSOy'5H,0

Fey(S0,)' TH,0 4
Na;S0, 20 g
Na;Mo0,2H,0 02 g

-]
L] 1°C for 15 min,
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APPENDIX B

Chemicals

1IN NaOH
NaOH 4
Deionized water

1 N HCI

2NHCL

Deionized wa

70% Ethanol
99% Ethanol
Sterilized deio

10% sodium dodecyl sulf
SDS
Dissolve slowly in 80 ml 0f 66°C deionized water. When it completely

dissolved, add s ‘__,'l ed-deionized-water-to-make finalvblume of 100 ml. Sterilize by

autoclaving with prwﬁre _ 'i;i ;
‘““““‘:@ﬁﬂq‘wﬂwﬁmﬂgni

sterilized deionized water ¢ 1 & ml

ARG IN AR INA Y

10 mM Tris-HCI solution, pH 8

Trizma base (C4H,1NOs) 12 g

Dissolve in 800 ml of deionized water, and then adjust pH to 8 with HCI. Add
deionized water to 1,000 ml. Sterilize by autoclaving with pressure 15 Ib/inch® at 121°C

for 15 min.



0.5 M EDTA $olution
EDTA (CjoH;405Na,.2H,0) 186.1 g
NaOH 20 g

Dissolve EDTA in 800 ml deionized water. Add NaOH, mix and wait until the
solution cool down to room temperature. Adjust pH to 8 and make volume to 1,000 ml.
Sterilize by autoclaving with pressure 15 Ib/inch® at 121°C for 15 min.

e,

05M EDTA s ml

Make vulum s “\\h ef Sterilize by autoclaving with
pressure 15 Ib/inch’ : i N
CTAB/NaCl

NaCl g

CTAB g

Dissolve CTAB in 65°C
completely dissolve, add deioniz

80 ml. Then, add 0.7 M NaCl. After
ml. Sterilize by autoclaving with
pressure 15 Ib/inch” at. -
')
Phenol/chloroform selution
Mix phenol which has been saturatgd, with Tris-HCI and chloroform in ratio of 1:1

g e A SRR
Ch‘“#gmﬁn"mma 2T YLt

Phenol/Chloroform/Isoamylalcohol solution (50:49:1)
Phenol saturated with Tris-HC] 50 ml
Chloroform 49  ml



85

Isoamylalcohol 1 ml
Mix by stirring for 15 min. Store at 4°C until being used.

50X TAE buffer
Tris-HCI 242 g
0.5 M EDTA, pH 8 100 ml

Glacial acetic acid ml
Dissolve all chemicals in 800 i0mzed water. After complete dissolve, add

deionized water to 1,000 il Stexil y autoela¥ifiz with pressure 15 Ib/inch? at 121°C

for 15 min.
0.9% agarose gel g
Agarose gel s
1X TAE buff 78 ‘ﬂ:
Melt using Ven 28
& 7
2% agarose gel P e
Agarose gel e g
1X TAE buffe
Melt using miGtowave oven. Y}
10 mg/ml ethidium Irrnpide y
= : .
Ethidilﬂ 1"
e 0 3 NV INELATI

mﬂmgﬁmmﬂﬁ’ﬁwmﬁg dovs fiupilie

0.85% sodium chloride solution
Sodium chloride 85 g
Deionized water 1,000 ml
Sterilize by autoclaving with pressure 15 Ib/inch? at 121°C for 15 min.
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APPENDIX C

Lubricating oil calibration curve

The calibration curve was plotted between ratio of area (lubricant oil/stearyl

Amount of lubricating o HH 0 AF soneentration x Amount of stearyl alcohol
Ratio of concentration )= Rati -

12 4

N
W ///c 3\
HCZN

i b7 A\

;,.-r T T

AY 5 P 7
. ‘Irll‘

¥

j
pe 1 043 1 SR 44 . i v

averaged from friple spots on chromatorods.
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APPENDIX D

Raw data

1. Primer design

1 tcaggcgetctetttoggttgaties ccagccgtcttcgatcgtgacggggta

R 55 5

adhA3RT-F

6l tgtcttgatggggatctae ggaaa gctoccggtggogatgtogaacga
PRI

121 accaccgtgaaacg aef 2hAts 1#% “Bgtggtagccatcggtcageatgge

181 attgccatgggtgcadagaiiyg Jtgar . _' Jocatcgacgttgtagactge

241 aagcgecaggeatt ttcaccgtccttgacggaggetac

301 ttggcaaaggcgcs

Figure D-1 The primer msul . 3 gene of Sphingobium sp. strain P2

ﬂ'lJEl’JVIEWIﬁWEI’]ﬂ’i
’Qﬁﬂﬁﬂﬂ‘iﬁuuﬁﬂﬂmﬁﬂ
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121

181

241

301

36l

421

481

541

601

661

721

781

841

901

961

1021

gtgecgectogattgegattgttggtgegaatctggeocggtgggogegecagtcgaagooetg
cggcaggoggggttocgacgggegaatcaccttgatecggogaagaaccctggogtoectat
gaacgtccgeoogetgtocaaggaagtgetgtgggaccocggocaacgtoccggacaattte
ttcocctccaggacgaggoctggtacgatgacaaccgtatcgacatgoggetgggecacccge

gccgaagogatcgaccttgegggocggoggggttcgoctgtcgggoggogaattggttcag

s cccgcaagctcaaccttgocgggtec

:Q;WTH i ‘j“Ji
e
aattgcgccaacgtctat g ét gcgaccogeoatggecctegac
ctgcge gaagggg( : N gtgatcggecgoccgaagtogec

gccagtgcggtga \ \ tcg gagccgatgocggtgoccogatyg

gagcgagcgctco \ \ gaggaacatcgcaagcgggga

gtcgogacceatt! o (¢ c-' 2CCecaggttttccgacaaccgtgtcage

gcggtcgaggcaga ;ﬁr‘ coogt jatgccgtgatcgtgggggtggga

atcgtgccggeoecacce atcgaggtcaacaacgggatcate
el el e e e e e e e
adhA4RT-F

gi; cgaccgtecgetgo tcgcggocgggogacgtggocgag

>>>

caggacggg .;'y,.“ CCggoge ta ﬁ caaaacgcggcoggaccag

gcgcaggcggcﬂtctqqca gctggaa a-:';gagg‘t ctactgcaagccgatgtgg
R At s s
adhA4RT-R

tactgﬂkﬁcgﬂr?ﬁrﬂw Wﬁﬁﬂ ﬁattccgqtﬂaaqcc

gaggt ggggat ccgcggcgagatggacagcaacgccttcgt cgcctt cttectggecegge

G LA LU L L

1141

1201

c cgttgaacgccgggcccgcgccagcgctgcgagcctggccgacgccggtatgtccttg

cgggatctgoctcaageoaggegggetga

Figure D-2 The primer results of adh44 gene of Sphingobium sp. strain P2

88



61

121

181

241

301

361

421

481

541

601

661

721

781

B41

tcagccgaggggaatatccattecgtagececgoggettogttgecgtgaccgaatatate

gocgggtgtagtattectgectggettggggecttgegggeaccoccagocgaactoccacag

ccagcccgacgggttggegecagtagaaggtcagegoctggtegtttgeatgettgecgag

ctggagcgcgacgtogatcttgegogococcgecacaatgtogtgogogaggoocgagatogte

gatgcgocttttoccatocgggocaagooccgaa

agcgaccgaatgctgoege EEgeaGegfal ;gtacggctgcgccaccaécccgtt

gggcagctgcag : ccga Lﬂ{fii;::; cagcagtcocgtagaacgeege

cgccgogggaacal ' attccttccgatccggtcac

>

; e bphC-F

gaactttcocgta jccoaggatggaas gtgggtgtcgacttgcggcce
e e e e e e el e e )

gtaaaaaatttc gt Lceas gat agcttggeaagaccgagcacgcg

ccgctoccegaget ifgy .f‘_,:: -1 aggagattccggeggoeggtcagett

Rt | 9
tgccaccatggogtocgaatiEccar caacgcgccageccagataggcaagate
ﬁ"l— T OO ddg

gtcggagtggac
<<<<gds e
bphC-R ﬁyﬁ
gcggtegectis

|
s

ccatgcatcgagq}iﬁgttacggtcaaq&sgaggtaaccgagttccgtglctgctaccat

ggtccatgecgcaggtagag

:cacttcggecagcataactgeg

Figure D-3 TEJ Mﬂﬁnﬁ’]rﬂ:ﬂiﬂﬂ%ﬂﬁp strain P2
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2. Chromatogram from TLC-FID

A)

280

B)

bt

| AUt Ineningy

K
L
Stearyl alcohol |

? N3 1B

Figure D-4 The sample of chromatogram from TLC-FID: A) Influent of 3 | airlift
bioreactor which added 100 ppm lubricating oil and 0.1% Tween-80 B) Effluent of 3 |
airlift bioreactor
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3. Raw data of each experiment

3.1 Lubricating oil degradability test with Sphingobium sp. strain P2 in the
form of free cells
Table D-1 Peak area of saturate, aromatic, and total oil remained in oil-in-water

emulsion. Each data point was averaged from triple spot on chromarods.

Total :
peak Amount of
Days | Treatment 'm‘ remaining | SD
steryl o
alcohol
2.0325 196.98329
control [ El 1}” k 2.0463 198.32229 | 4.33
T AR e
7 IR v (e
0 | Airsupply (248740 [T 439469 |20 1.8951 | 183.6638 | 7.85
- 2.0369 | 197.4075
i 1.9809 191.9847
i Dult 1.9063 1847514 | 535
air su
i }: 1.8732 181.5501
1.6034 155.3928
Air supply 1.5671 151.8785 | .76

1.5848 153.598

:{.5539 161.7499
d 6881 163.6045 | 0.96
air supply

19776 | 14065.67 | 33842=] 20110 | 1.6829 163.0994

L= i o 1 0 0on o1

VT ENGoT | ioiaac Vizoke | o] [DgwaT | [9446858
Air supply | 14849 14184.33 | 29034 | 32480 0.8939 86.63372 | 7.66
16529 | 20237.67 | 36766 | 29767 1.2352 119.7075

18695 | 18248.67 | 36944 | 31902 | 1.1580 112.2335
12141 | 9738 21879 | 18587 | 1.1771 114.0805 | 3.89
16529 | 20237.67 | 36766 | 29767 | 1.2352 119.7075

Without
air supply
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Table D-1 Peak area of saturate, aromatic, and total oil remained in oil-in-water

emulsion. Each data point was averaged from triple spot on chromarods (cont.).

Total
Peak peak
Peak Peak area Total Amount of
o Treatment | area of of peak s lehslsasts remaining | SD
of Steryl | area of
saturate | aromatic area aleohal steryl oil
aleohol
7897 | 10 050 | 23835 | 0.7573 | 73.39477
Air supply | 5668 | 6 - 4494 | 0.6080 | 58.92246 | 11.13
" 7 667 | 2 52 | 0.8337 | 80.80297
17 33 7 [ 1.1901 | 115.3431
Without LGS .
i 7 1.1625 | 112.6693 | 2.88
aimr
i 33 12219 | 118.4212
64 = 0.7240 | 65.05488
Air supply 6o [ 0.6095 | 59.0689 | 2.99
> 6 065, ?: 0.6392 | 61.95023
. 208 -22490 61 66 | 1.2654 | 122.6404
o 31626 gém;;f’-;f 157410 12002 [ 1163187 | 532
air supply
18786 }%ﬂ; z 29958 | 1.1563 | 112.0685
93 | 3260.667 | ~10.5500 | 53.39448
Air supply ; 0 /[ 0.8939 |86.63372 | 5.08
. 4717 7 0.4463 | 43.25303
; 19930 [ 2112233 |4 1.0554 | 102.2893
" 15958 | - TP 0580 | 102.5377 | 0.51
5 5 T{I-ISSS 103.2668

Q‘W’]ﬂ\‘lﬂim UANINYIA Y
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Table D-2 Number of total bacteria in oil-in-water emulsion of air supply and without air

supply condition after 5 days of incubation by plate count technique

Table D-3 The gene ¢
value for plotting standz

Gene copy number

1.00E+08

1.00E+06

e Air supply condition Without air supply condition
(CFU/80 ml) (CFU/80 ml)
Day 0 3.20E+10 £ 3.03E+H09 4.00E+10 + 1.39E+10
Day 1 2.40E+10 £ 1.22E+10 3.20E+10 + 2.44E+10
Day 2 3 ZDEHE‘ 240E+10 + 1.22E+10
Day 3 : 5.60E+09 £ 2,.57E+H09
Day 4 1.12E+09 £ 1.67TE+08
Day 5 L12E+09 £ 3.33E+08

1.00E+04

1.00E+H02

: :Imﬁx\n 1 efficiency =

the ‘plasmid copy number) vs. the Ct
umbers

equation: y=-3.468x + 44.42
1 0t-1/slope)

= 1t-1-3468)
=1.9425

=(E-1) x 100%
=(1.9425-1) » 100%
=94.25%

1%{*@0%.”@ condition

4 Without air supply condition

D~ /80 ml)
£+ 1TTE+08
Day 1 5.35E+09 + 9.19E+07 8.80E+09 + 4.02E+08
Day 2 1.95E+10 + 1.25E+10 1.57E+10 £ 6.02E+08
Day 3 1.81E+10 + 2.37E+09 1.91E+09 £ 2.29E+07
Day 4 4.00E+10 + 8. 44E+09 8.83E+08 + 2.42E+08
Day 5 4.19E+10 + 5.63E+09 6.09E+08 + 0.00E+00
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3.2 Lubricating oil degradability test with Sphingobium sp. strain P2 in the

form of immobilized cells with chitosan

Table D-5 Peak area of saturate, aromatic, and total oil remained in oil-in-water

emulsion. Each data point was averaged from triple spot on chromarods.

Total
Peak | Peakated )| sTotal :: i“"‘? | Amount of
Days | Treatment | areaof o f 1 remaining | SD
. e b, N | of Stery area of oil
> leohol steryl
aleohol
3 037. 1 25343 | 245.61495
control | 2 . 24796 | 240.31485 | 1.41
288 o2 2.5274 | 244.94428
40 1| 31658 25363 | 245.8071
0 Air supply | 749 -+ (A 74910 24396 | 236.4433 | 6.67
76697 i+ 669 0 |25729 |249.3547
44 T 6 50 | 2.5234 | 244.5606
Without A
) : 423178 | 3983633 2607 |2.5189 |244.1211 | 1.06
air su e
PPY 7975 Lfm;;w} 35619 |2.5397 | 246.1423
9514 |31892 | 6 19- | 20320 | 196.9358
control - 37 | | 2.1455 | 207.932 | 5.60
_ sﬁ 2.1078 | 204.2851
13994 | 20044 34038 | 24256 | 1.4032 | 135999
1 Airsﬁ : p6813: (13989 | 135.5745 | 0.71
q 127 |11 50 134920 " |1.4132 | 136.966
22267 | 24483.67 | 46750-| 28167 | 1.6598 | 160.8589
: 1180 NON ]
’;!W I@ 192.67 18 | 2397, 155.5216 | 3.09
i A :
21308 | 212385 |[42547 [25632 |1.6599 | 160.8727
22550 | 22699 45249 | 21462 |[2.1083 | 204.329
2 control | 25077 |26138.67 |51216 | 26157 | 1.9580 | 189.7686 | 7.32
26302 |27387.67 | 53690 |26592 |[2.0190 [ 195.6775




Table D-5 Peak area of saturate,

emulsion. Each data point was averaged from triple spot on chromarods (cont.).

95

aromatic, and total oil remained in oil-in-water

Total
Peak | Penkaren | Tomt | FE Peak | cmatof
Bays Treatment | area of of peak ul.’.Str:ryl ':1?:1 remaining | SD
saturate | aromatic area ik steryl oil
aleohol
1.3575 131.5604
1.3456 130.4119 | 1.69
1.3799 133.7362
5 1.6446 159.3917
1.5999 155.0532 | 2.30
1.6087 155.9062
1.8578 180.0523
1.8047 1749103 | 5.01
1.9080 184.9211
1.3144 127.3834
3 1.3029 126.2698 | 1.63
1.2812 124.1729
1.3746 133.2268
1.4265 1382534 | 2.52
1.4041 136.0859
/ | 2.0981 203.3419
umﬁii‘u %.llﬂ 2049233 | 1.99
v 26998 | 2.0736 200.9662
o ToaET" ﬁ! 31 | 1044094
4 [ Airsupply | 14031 | 20647.33 | 34678 | 32708 1.0602 102.7535 | 0.85
16433 | 7395.667 | 26652 | 25013 1.0655 103.2652
20255 | 22298 42553 | 29390 1.4479 140.3239
‘fﬁﬁﬂmut 19396 | 24361.5 | 43757 | 30933 1.4146 137.0988 | 1.77
i 31316 | 12826.5 | 44142 | 31126 1.4182 137.4453
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Table D-5 Peak area of saturate, aromatic, and total oil remained in oil-in-water

emulsion. Each data point was averaged from triple spot on chromarods (cont.).

Total
Peak | Peakarea | Total ::‘: ; "“"T | Amount of
Days Treatment | area of of peak EerCHn S remaining | SD
saturate | aromatic area alcohol steryl oil
aleohol
32789 | ) 28337 | 24837 | 240.7164
control | 25025 | 248 I 47 |2.5231 | 2445328 | 225
33521 132604 | 1 25247 |244.6873
11869+ 149194 67 |24719 |0.9736 | 9435961
5 | Air supply [ 12928 7623|2498 10 | 1.0151 |9838222 | 3.37
6 1.0426 | 101.0436
o | PSH P08 G 53234 1.6139 | 156.4102
il 2 1 2465157 5 28998 | 15893 | 154.0262 | 1.32
air - 1L
ARY e ’#I:: N[3627 15914 [ 1542380

},w, 7.

condition after 5 da’)_(i of mﬁﬁﬁﬁﬁ b

ot supply condition
g chitos: &UM:M}
Day0 |s 9.00E+06 + 5.77E405 6.00E+06 £ 1.53E+06
TR [ | T s
Day 2 4.50E+06 ‘:j: 2.08E+05 1.35E+07 = .?TE'I-DS

Day 5 6.00E+06 £ 1.15E+06

.65E+07 £ 1.15E+06
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Table D-7 Number of total bacteria in oil-in-water emulsion of air supply and without air
supply condition after 5 days of incubation by plate count technique

Times Air supply condition Without air supply condition
(CFU/80 mI) (CFU/80 ml)

Day 0 0.00E+00 % 0.00E+00 0.00E+00 + 0.00E+00

Day 1 1.04E+09 & 5( E+08 8.00E+05 £ 2.57E+05

Day 2 8.00E+08 1“ : ) !} 5.12E+08 + 3.33E+07

Day 3 8 UOE+08 G408 8.80E+08 + 4.62E+08

Day 4 E “8.00E+07 £ 0.00E+00

Day 5

AP LOS + EHOR | )
e P DRGSO+ 08 £ 2.88BH07

Table D-8 The gene G asmid copy number) vs..the Ct
value for plotting standfrd fupvec 143 gene copy numbers to calculate number of

bacteria in chitosan

Gene copy number urve equation: y= -3.422x + 41.86

ification efficiency = 10015l

1.00E+09 _ ot
=1.9598
2
1.00E+07 =Rl 1005

=(1.9598-1) x 100%

TNYINg ™
IRNINYIAY

1.00E+03 31.02
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Table D-9 The gene copy number (equivalent to the plasmid copy number) vs. the Ct
value for plotting standard curve of the AdhA43 gene copy numbers to calculate number of
bacteria in oil-in-water emulsion

Gene copy number Ct value Standard curve equation: y=-3.56x + 41.87
ciiag Amplification efficiency = 10¢*1°P¢)
1.00E+09 9.28 ’ , ot
_-wt /,y i
: = (E-1) x 100%
1.00E+H07
=(1.9094-1) x 100%
=90.94%
1.00E+05
1.00E+03
Table D-10 adhd3 gene qug 1 by, realitime PCR using immobilized cells with
chitosan samples af .- th AIT SUppiy ai I:' without air supply condition
W
Times r supply co 1 L‘ thout air supply condition
[uﬂf.@ ene coples/0.2 g ¢ ) (ﬂﬂmmmlﬂhuu}
0 | KTSE . i +04 + 2.22EH03
) A3E+06 + 2.42E+05
; A0E+04
A 7£4.75E+06
1)53; 4 4.29E+05 + 6.89E+05 1.69E+07 + 2.68E+06
Day 5 4.35E+05 £ 2.42E+05 2.70E+06 £ 7.04E+05
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Table D-11 adhA3 gene copy numbers by real-time PCR using oil-in-water emulsion

samples after 5 days incubation with air supply and without air supply condition

Times Air supply condition Without air supply condition
(adhA3 gene copies/80 ml) (adhA3 gene copies /80 ml)
Day 0 0.00E+00 + 0.00E+00 0.00E+00 + 0.00E+00
Day 1 3.92E+06 + | 96E+05 4.80E+06 £ 5.5TE+05
Day 2 - | 1.45E+06 £ 2.25E+05
Day 3 4.68E+06 = 0.00E+00
Day 4 1.60E+06 % 1.15E+05
Day 5 1.17E+06 = 2.08E+05
3.3 Application with immobilized cells in 3 |

airlift bioreacto

Table D-12 Peak area offsafiritét aromaft and folel oil remained in wastewater. Each

Total
Peak | 4 eountof
area/Peak
Times 1“:, A= ren:lllllng SD
: steryl
; alecohol
1 1478.333 522 0.1000 15.50902
i P &

mﬂﬂﬂu -M' 0855 | 13.2658 | 2.04
Y 1063.333 8 123 0738 | 11.43746

/ 8, | 8208667, | 17 ‘ ,:ﬂ_.% 11.27057
"-!ﬂ:.lﬂm | 4 162667 [213 : 1384165 | 2.77

569 689.3333 | 1259 | 23491 | 0.0536 8.308647

891 474.6667 | 1365 | 22661 | 0.0602 9.342741
2 hr. Effluent | 1209 5403333 | 1750 | 23966 | 0.0730 11.3209 0.99
1142 1069 1677 | 25161 | 0.0666 10.3325




100

Table D-12 Peak area of saturate, aromatic, and total oil remained in wastewater. Each

data point was averaged from triple spot on chromarods (cont.).

Peak :::::
Times Wastewater n::l' PHI;: e ;ﬁ:: .:;. RESAE s 1:::::::-? 5D
saturate | aromatic area Steryl I:r;f oil
aleohol aheonal
2719 22486 | 03214 | 49.83339
Influent | 3633 33 898 | 0.2876 |44.59655 | 7.43
498 7.667 | 9F 82 | 03821 |59.25364
e 44) 3| 12772 0.0528 | 8.181906
Effluent | 632 67 6 | 2178 |0.0475 |7.371631 | 0.41
5 3 Al 0.0499 | 7.742695
4 N € 0.1167 | 18.09803
Influent _ 1.667 [ 4049 7 |0.1586 | 2458865 | 13.58
i a024f [agsa sy k: 02849 | 44.17683
88 FELEE 3 0.0688 | 10.67167
Effluent | 1154 75 26546 | 0.0897 | 13.90269 | 2.37
783 756667 | 4947 | 0.0599 | 9.294691
1 04 667 0.5240 | 81.26088
Influent 0 64 [ 03886 |60.25916 | 13.26
4942667 | 10434 28548 [ 03659 [ 5673705
aag 7253 | 0.0694 | 10.76927,
15903333 | 57 00650 [ 10.07194 | 1.40
Y zer {378 ¢ 1579 | 19180 [0.0823 | 12.76869
Wj @s 2ﬁz j 98.71063
9 Influent | 11811 | 11547.67 | 23359 |26583 |0.8787 | 1362592 | 21.67
e 8385 | 8524.667 | 16909 | 26552 | 0.6368 | 98.75301
849 5763333 | 1425 | 26166 |0.0545 | 8.447063
Effluent | 819 525 1344 | 25581 | 0.0525 |8.145182 | 3.93
1705 | 999 2704 | 27778 | 0.0974 | 15.09682
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Table D-12 Peak area of saturate, aromatic, and total oil remained in wastewater. Each

data point was averaged from triple spot on chromarods (cont.).

Peak Total
peak Amount
Peak Peak area | Total area | oo /Peak of
Times | wastewater | area of of peak of 5D
area of | remaining
saturate | aromatic | area Steryl
leohol steryl oil
alcohol
11261 1090 27287 | 0.8123 125.9541
Influent 14545 67 |3 477 | 0.9205 142.7333 | 947
13 73 1 | 09155 141.9646
12 hr.
15 0.0965 14.95861
Effluent | 23 £ 349 | 0.0989 1534132 | 4.13
TEEY
“ =i 0.0577 8.939835
| § 7%, 0.5218 80.91339
Influent | 78 7103 1 8 |0.5002 77.56952 | 3.68
8711 651. 881 | 0.5476 84.91509
14 hr. raiay
773 39 — 1 10 | 0.0430 6.671454
Effluent | 821 30— 27651 | 0.0460 7.129674 | 4.02
1454 .| 88 | 0.0893 13.85293
+ - 1.1824 183.3475
(8=
Influent 7 iﬂ?ﬂh_ 1.3750 213.2229 | 15.74
Day 1 4152 24421 48573 |3 1.2233 189.6967
' AN 4 uﬁ s
ﬁ 5 (BA 11}2’5%‘& 88 10.67218
Effl §82.66 6806 || 0.0527 8.173501 | 1.25
Y 1281 1033333 | 2314 nl 37390 0.0@ 9.596856
W'] ‘ 8 15529 || 138387 | | 2144311
9 Influent | 26937 25501 52438 | 31739 | 1.6522 256.2013 | 2.11
Day 3 25915 26981 52896 | 40026 | 1.3215 204.9282
1194 1030.667 | 2224 | 45080 | 0.0493 7.651332
Effluent | 1266 940.6667 | 2206 | 46170 | 0.0478 7.410295 | 0.40
1459 1185 2644 50077 | 0.0528 8.187367
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Table D-12 Peak area of saturate, aromatic, and total oil remained in wastewater. Each

data point was averaged from triple spot on chromarods (cont.).

Pk | 1o
Peak Peak area Total area P Amount of
Times | wastewater | area of of peak of "m::k remaining
saturate | aromatic area Steryl oil
Akl | (P
aleohol
23867 38422 |[1.2980 |201.2727
Influent | 259 6 | 13215 |204.9282 | 8.87
26 76.6 175 | 1.4067 | 218.1336
Day 5 e
43 \ 089 | 02125 |32.95159
Effluent | 58 N 6 |02603 |40.36486 | 4.67
67, 25,61 0.2682 | 41.58349
455 : 03509 | 54.41241
Influent [ 7K 087 7] 1671 04313 [ 66.87411 | 11.16
101 57.33 581 641 |0.4945 | 76.68457
Day 6 AHAL
4488 §'(3937 3866 | 0.1921 | 29.78145
Effluent | 4053 A_ 45056 | 0.1784 | 27.66754 | 1.70
Wsnﬁg 14176 166 | 0.2001 | 31.03166
' 120547 | 3186172
Influent 2.2245 3449458 | 16.88
Day9 22577 | 350.0908
..3.113? 17.63331
sn@;.ﬂl 0.1067 | 16.5501 | 4.43
v 0.1593 |24.70213
: b7 | | 151.6102
| Influent | 16035 |22888.67 | 38924 |36272 | 1.0731 166.4068 | 23.11
Dayl0 18715 | 21317.67 | 40033 | 51268 | 0.7809 | 121.0849
775 5133333 | 1288 |27276 |0.0472 | 7.324253
Effluent | 1749 1252.667 | 3001 |39960 | 0.0751 11.64679 | 4.40
3043 | 2601 5644 | 54257 |0.1040 | 16.13172
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Table D-12 Peak area of saturate, aromatic, and total oil remained in wastewater. Each

data point was averaged from triple spot on chromarods (cont.).

Pk | o
Peak Peak area | Total area Peal Amount of
Thaee Wastewater | area of of peak of ."“ of remaining
saturate | aromatic area Steryl o oil
aleohol yl
aleohol
6649 46758 | 02757 |42.74853
Influent | 2156 5 6729 | 02127 |32.98732 | 7.50
2 L4 | 0.1807 | 28.01484
Dayl12
593 12 907 [0.0832 | 12.90085
Effluent | 30¢ 33) 49061 [0.1078 | 16.717 3.23
2 o <3 ST - 0.1247 | 1933043
1537 4 0.5366 | 83.20744
Influent |8 6333 117 3 | 06104 |94.65095 | 22.66
I T Fa0812 58 | 0.8184 | 126.9039
Dayl4 ST '
1 1569333 0130 | 0.0813 |12.61113
Effluent | 4061 e 46238 | 0.1221 | 18.93476 | 347
73140337 0.1176 | 18.23614
T = 0.7477 | 115.9406
0.7395 | 114.6686 | 9.74
430 | 0.8522 | 132.1448
Dayl8
950 59 10,0780 | 12.10059
Eﬂlﬂ.t 5 0.0811 |12.58255 | 0.48
Y e 667 » 2091 _| 24814 [0.0843 | 13.06707
A Wj < il 35 151.6102
9 Influent | 45281 | 47592 92873 | 27927 |3.3256 |515.6871 | 18.24
1 45556 | 46751 92307 | 27727 |3.3291 |516.2414
) 676 136 812 | 24394 [0.0333 |5.161716
Effluent | 907 650 1557 | 25841 [0.0603 | 9343302 | 4.30
2243 | 1793 4036 | 45456 | 0.0888 | 13.76832
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Table D-12 Peak area of saturate, aromatic, and total oil remained in wastewater. Each

data point was averaged from triple spot on chromarods (cont.).

Total
Peak |
Peak Peak area | Total area area/Peal Amount of
bl Wastewater | area of of peak of R remaining | SD
saturate | aromatic area Steryl it oil
leohol Y
5 alcohol
16275 25532 | 12848 | 199.2277
Influent | 102 375 | 00182 | 142.3902 | 29.16
S 168 2 1 34 | 1.1746 | 182.1373
= 309 ' 0369 |0.1756 | 2723602
Effluent | 39 ! : 1 [02359 |36.58716 | 5.85
39 A 0.1668 - | 25.86427
1 384, | 1.1274 | 174.824
Influent | 19945 54,384 5 | 14320 |222.0529 |27.33
166 = 64 | 31789 | 14333 | 222.2624
Day25 FIT _
0 IBE= 3831 | 0.0504 | 7.814871
Effluent [509  [1536 26474 | 0.0780 | 12.09544 | 239
(0 [1%st /] 500 | 0.0523 | 8.107821
e T— 126299 |407.8177
Influent | 34709 | 34 95 | 32967 | 5112126 | 52.18
#5491 | 16505 | 61996 | 20 3.0422 | 471.7391
Day27
4 25087 | 0.1448 | 224501
Eﬁanu 8 968| (| 24960 | |©.0788 | 12.21897 | 10.26
Y 3006 2652 5658 | 26804 | 02411 | 32.7329
3 1 : 192.0877
| Influent | 15314 | 16560 | 31874 | 25376 | 12561 | 194.7756 | 2.41
o 15568 | 16979 | 32547 | 25632 | 12698 | 1969017
¥ 2359 | 1729 4088 | 24895 | 0.1642 | 25.4636
Effluent | 4430 | 3287 7717 | 45038 | 0.1713 | 26.56994 | 1.05
1378 | 1553 2931 | 18579 | 0.1578 | 24.46327
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Table D-13 Percent oil removal of 3 1 airlift bioreactor.

Times % oil removal Times | % oil removal
0 hr. 12.71 Day 6 5531
2 hr. 2292 Day 9 94.19
4 hr. 84.84 Day 10 92.01
6 hr. 61.01 Day 12 52.82
8 hr. 33 .05 Day 15 83.67
10 hr. Day 18 89.59

12hr. | J,l?]ﬂ_,,- 21 98.21
I4lu'. !\_‘m—-i 82.88

—f 951 [Day2: 95.47
95.15
86.90

yde 962D . I'Dm
Day JWFEI‘E ay 30
AN

Table D-14 COD offluent wastewater of 3 | airlift

bioreactor.

L] [ oo

lm "‘h 4L11
%

15.48
19.86

Table D-15 Numb

b , ,
of total bacteria in chitosan and ,, astewater in 3 | airlift bioreactor

5 2.21E+10+ 2.98E+08 4.29E+10 £ 7.94E+08
10 6.59E+10 = 1.25E+09 2, 70E+09 + 7.94E+08
15 9.79E+09 + 98E+08 4.20E+09 + 5.20E+08
20 9.23E+09 £ 2.25E+H08 5.10E+09 £ 7.94E+08
25 9.00E+09 = 1.13E+09 1.,65E+10 + 1.08E+09
30 1.13E+09 &+ 0.00E+00 7.62E+10 + 1,59E+09




106

Table D-16 The gene copy number (equivalent to the plasmid copy number) vs. the Ct
value for plotting standard curve of the adhA3 gene copy numbers to calculate number of

bacteria in chitosan and wastewater in 3 | airlift bioreactor

Gene copy number Ct value
8.93 Standard curve equation: y=-3.571x + 41.18
1.00E+09 9.16 Amplification efficiency = 10¢"/4/%¢)
9.24 = 1013571
=1.9056
1.00E+07 = (E-1) x 100%
= (1.9056-1) x
1.00E+05 = 90.56%
1.00E+03

Table D-17 adhA3 gene copy o : al-time PCR using immobilized cells with
chitosan and wasm@crm N 1 airlift| ctor after 1 month of incubation.

Days gene copy numbers in wastwater
(adhA3 gene copies/3 1)
0
1 +07 £ 2.22E+07
5 ; ! +06 £ 3, 10E+06
10 U 336E+08 % 1.12E+08 1.24E+07 + 1.08E+06
: 387 EA070 0 ~ b on o 204E07 % 2.32E+05
: 7 I'] [2.088%07 £ 1.25E+07
1.55E+08 + 3.13E+06 2.68E+07 £ 9.33E+06

30 1.92E+07 £ 2.03E+06 3.57E+07 £ 2.08EH07
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3.4 Application of lubricating oil degradation with immobilized cells in 350 1
airlift bioreactor
Table D-18 Total petroleum hydrocarbon and percent of oil removal during degradation
by chitosan-immobilized Sphingobium sp. strain P2 in 350 1 airlift bioreactor for 2 month

of incubation
Days Influent | Efluent | % oil removal | Days Influent | Efluent | % oil removal
1 3.4 1.0 bl 33 3.5 2.4 33
2 24 1.0 SR 8.6 3.0 65 °
3 5.5 1.5 73 e 8.0 3.1 62
4 5.1 2ap—— 53 10.1 42 58
5 7.9 =770 AN 76 2.1 72
8 7.8 - ‘\ 40 6.6 1.7 74
9 5.1 & /7 6 | 1500 | 46.0 69
0 [ 57 JU’IM&'&N 17_| 06 62
2| 30 | 04/ ] wow |50 Jp 19 | o6 67
24 3.3 0 l’ﬂ;’}ﬂ[‘}“ 2.6 1.1 59
26 3.7 2 FF & LI\SA 33 1.4 56
30 15.1 3.9 §3 | 35 1.4 60
31 14.4 2.7 W 32 1.4 56
32 14.6 3.4 L 60 6.3 2.9 54

Table D-19 COD value of w@ﬁﬁt@;} e

Pl g ,-.

treatment from BSElbu'hﬁ bioreactor

“freatment compare with wastewater before

_‘

Days | Influent 0D reme Efiuent | % COD removal
1 94 Zﬁi 73.40 103 18
2 120 a8 60 59 31
3 53 tla 2 95 19
4 62 °l| Ld2 ¥ g‘i‘ 76 25
5 137 Y 82 40 39 67 51 24
8 | 26|55 | 86 o040 1. 84,4, a8
o L ¥4 [|bi3 46 | (828 [[o\152 54
10 |9 60 33 45 47 37 16 57
22 60 49 18 50 54 45 17
24 39 19 51 51 58 49 16
26 60 38 37 52 69 45 35
30 164 159 3.049 53 73 49 33
31 153 144 6 54 75 44 41
32 159 121 24 60 84 66 21
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Table D-20 Number of total bacteria in chitosan and wastewater in 350 | airlift bioreactor
after 2 month of incubation by plate count technique

Days Number of total bacteria in chitosan Number of total bacteria in wastewater
(CFU/875 g chitosan) (CFU/350 1)

1 1.16E+13 £ 5.25E+11 8.51E+11 % 1.85E+11

3 5.25E+11 £ 2.63E+10 5.53E+12 + 5.00E+07

5 3.54E+12 £ 3.4TE+11 1.96E+12 + 1.85E+12

7 2.89E+12 £ 3 47E+] | 2.52E+14 £ 1.05E+13
Table D-21 The gene copy number (equtalenito the plasmid copy number) vs. the Ct
value for plotting standard cusve of the A@mp}r numbers to calculate number of

hacteriainchitosan ‘ 50 1 aiglift Bioreactor

Jlff

SR ¢ equation: y= -3.422x + 41.86
1.00E+09 .18 . Amplification efficiency = 10¢*4°P
- - \ \ — ]n{-ﬂ-].-l-ﬂ}

= 1.9598

1.00E+07 =(E-1) x 100%
= (1.9598-1) x 100%
- 95.98%

1.00E+05

TNYINT

Y ith
Table D-22 adhz!i gene copy numbers by Real- -time PCR us‘Bg immobilized cells wi

m&mma samplt fran 359 1 airtint pofédclor ef? munth of incubation.

dhA3 numbers in chitosan adhA3 gene copy numbers

Days '{m';“ EgngMTSg chitosan) (adhA3 m e
1 1.18E+10 £ 0.00E+00 8.16E+0 ;
3
5

|7

1.17E+10 £ 1.58E+09 2.87E+07 : lgii-:;
9.08E+08 + 1.11E+08 4.62E+08 £ 4.
. 1.75E+09 + 2.29E+08

5.34E+09 + 1.01E+09
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