21

(pollutant)
20
(oil / water emulsion) 80 %
(Panpanit, 2001) 2.1
2.1.1
4 (Panpanit, 2001)
1 (dust cleaning) '
(free oil)
2 (foaming)

(stabilization)
; (presoak)

4 (spot free rinse and dryer)
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PAHs

CFCs

(Ratpakdi, 2002)



(Ratpakdi, 2002) ( )

21

CFCs

PAHs
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21

PAHs

CFCs

(Ratpakdi, 2002) ( )



2.1.2
(lubricant oll)
(stabilized emulsion)
oil-in-water (OW)
‘ ' (Panpanit, 2001)
(hydrophilic) (hydrophabic)
(interfacial ~ tension) (Alther, 1998)
90%

(nonionic  emulsifiers)  (Alther, 1998)

(COD) (Panpanit, 2001)

5
(co-emulsifier)
(propylene  glycol)
conventional gravity
separator
(Alther, 1998; T , 2006)
2.1.3

(short-chain paraffins)
(glycol ethers) (phthalates) (tributyl - phosphate)
(bi and polycyclic aromatic compounds)
(naphthalene) , ' (phenanthrene) (nonylphenol)



(high oxidation stability)
(Paxéus, 1996; Panpanit, 2001)
23 24

2.2

22 (
- 2545)

550.0
200

60

15



2.3

7.05 (0.27)
54.2 (20.73)

122.75 (41.68)

5693.25 (8389.20)

516.75 (440.39)

2.76 (1.70)

Ratpakdi (2002)

6.4 (0.4)

171.7 (205.0)

40.1 (57.1)

7.4 (10.3)
55.1 (71.6)

38.6 (60.5)

1.0 (0.2)

2235

103
45
75

2601

(2541),

192

17

160

192

287

232

)1 ( )1

7.5 (0.4)

112(90)

239(153)

36 (34)

176 (189)



2.4
(Paxéus, 1996)

291

1263

C8-C16 29

C17-C-30 0.6

0.01

0.08

0.17
0.015
0.001
0.005
0.003

) 0.003

0.005
0.05
0.52

0.60

25

242

1180

22

0.4

0.01

0.05

0.13

0.005

0.002

0.004

0.002

0.002

0.01

0.03

0.38

0.26

15

10-1750

120-4200

1-139

<0.1-3

<0.01-0.2

<0.01-0.6

<0.001-0.7

<0.001-0.1

<0.001-0.03

<0.001-0.03

<0.001-0.01

<0.001-0.01

0.002-0.06

<0.001-0.15

0.02-4.1

0.01-4

<0.001-270

550

4600

103.86

1.84

0.02

0.011

0.021

0.009

0.004

0.01

0.30

1.50

0.43

15

460

4500

76.72

1.87

0.02

0.08

0.75

0.011

<0.023

<0.009

<0.005

0.01

0.21

1.30

0.41

17

10

65-1200

1700-7500

41-220

0.9-3.0

0.02-0.03
0.03-0.2
0.3-3
0.04-0.2
0.009-0.012
0.005-0.03
0.01-0.02

0.002-0.006

0.01-0.02

<0.001-0.7

0.4-3

0.1-0.8

<0.001-27



2.2 (lubricants)
(paraffin).
(cycloparaffins) (polycyclic
aromatic hydrocarbons) (olefin)
25 40
(Panpantt, 2001)
(mutation) (Cerniglia, 1993)
2.2.1
(base fluids)
95% (additives)
(Mang ~ Dresel, 2007 !
73-80% 11-
15% 2-5% 4-8%
(Vazquez-Duhalt, 1989) (base fluids) 3 (iological oil)
(mineral oil) (Synthetic oil)
(Stachowiak ~ Batchelor, 2005)
22.1.1
1) (mineral base fluids)
(crude oil)
350-

530 °
(Mang  Dresel, 2007; Pettersson, 2007) '
(naphthenic)



12

(paraffinic)
3
21
Ve T T W N N W s
Paratfinic
N\ /= -f//\\.—
/./)‘.\// —~ Y //l\ = Bt /’./ \
S T R l‘\‘:'.\‘_ / / \,,r\

- Praffinic

Arvinatic

/\ i /\L//TN/\\//\

Nuphthenic

21

(polyalphaolefin, PAQ)
(polyalkylene glycols, PAG),
(polyisobutylene, PIB)

(polyaromatic hydrocarbon)

1993

(Pettersson, 2007)
(synthetic base fluids)

1931
(synthetic polymerized olefins)

(synthetic esters, SEs)

(phosphate esters)

(synthetic lubricants)

(biodegradability)
(Wright



13

stachowiak  Batchelor (2005)

hydrocarbon)

2212

3

(synthetic hydrocarbon)

(silicon analogues of

(organohalogen)

(synthetic esters)

(Stachowiak Batchelor, 2005)

(Pettersson, 2007)

(vegetable oils) (Pettersson, 2007)

(additives)
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, (Mang Dresel, 2007)

2.5
2.5 (Vazquez-Duhalt, 1989)
(Boundary Iubrication (Viscosity modlifiers)

additives) (Viscosity index

(Wear inhibitors) improvers)

(Friction modifiers) (Thickeners)

(Lubricity agents) (Pour point depressants)
(Extreme pressure agents) (Emulsion
(Carrosion inhibitors) modifiers)
(Oxidation inhibitors) (Foam decomposers)
(Tackiness agents)
(Detergents and dispersants) (Dyes)
(Mang ~ Dresel, 2007)

L
(organosulfur compounds) (aromatic amines)

2. (detergents and dispersants)

(metal-containing compounds) (phenates)

(sulfonates)

3 (antiwear additives)

(chlorine and sulfur compounds)

4, (corrosion Inhibitors)
(sulfonates)

) (antifoam agents)

(polydimethylsiloxanes)



20%
2-15%
(organometallic compounds) (Vazquez-Duhalt, 1989)
(polyaromatic hydrocarbon)
(Wright , 1993)
(susceptibility)
(Powell , 2005)
2.3 !
3 (
, 2544)
1) (primary treatment)
2) (secondary treatment)
3) (tertiary treatment)
gravity separator
interceptors (CPI) (plate)

(Panpanit, 2001)

4-8%

corrugated

15

plate
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1) (air flotation)

(Dissolved Air Flotation, DAF)
(Induced Air Flotation, IAF)
(Tin
Cheng, 1995) DAF
(Alther, 1998)

(coagulant)
(Panpanit, 2001)
2) (coalescer)
(suspended solid)
3) (adsorption)

(phenomenon) (adsorbent)
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(adhesive force) (cohesive force)
(electrical force) (surface
tension) (Tn - Cheng, 1995)

(Panpant,
2001)
(grease
trap)
(Jonsson  Jonsson, 1995)
150 (Tin
Cheng,1995)
(Alther, 1998)
2.4 (bioremediation)
(Boopathy, 2000) ,
(Van Hamme

, 2003; Sarkar , 2005)

(Perelo, 2010)
1) Natural Attennuation ~ Monitored natural recovery (MNR)



2) Biostimulation
3) Bioaugmentation

(Sarkar , 2005)

24.1

(bioavailability)

(Van Hamme
Colwell (1990)
24.1.1
)
> > >
> > »
(saturates)
Colwell, 1990)

2)

2)
. 2003)

18

Leahy

(Leahy



(oxygenases)
(aerobic  conditions)

(Heterotrophic bacteria)

19
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2412

2.4.2

(radionuclide)

(Boopathy, 2000; Perelo, 2010)



2.5

2.6

2.6

Pseudomonas putida PB4
Achromobacteranthropi
Acinetobacter S.
Corynebacterium Sp.
Nocardia SP.
Cycloclasticus pugetii
Brevundimonas S. 2
Bacillus SP. 113
Micrococcus SP.
Pseudomonas SP.
Flavobacterium SP.

Rhodococcus SP.

Candida SP.

Endomycopsis SP.

Debaryomyces SP.

Pénicillium SP.

«ft

Nakamura , 1996
Richard  Vogel, 1999
Koma , 2001
Rahman , 2002
Jirasripongpun, 2002
Maruyama , 2003
, 2547
Ghazall , 2004
Ghazall , 2004
Radwan , 2005
Lu , 2006
Lu , 2006
Okpokwasili Amanchukwu, 1988,

Ekundayo  Obuekwe, 2000
Ekundayo  Obuekwe, 2000
Jirasripongpun, 2002

Kim

Lee, 2007
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(Atlas, 981 Van Hamme , 2003)

251 ,

(22
(terminal) (subterminal)
(n-alkane monooxygenase)
(alcohol dehydrogenase)
(aldehyde dehydrogenase)

(P-oxidation  cycle)

(Van beilen , 2003; Fritsche  Hofrichter,
Subtemiinal alkane
. /(CH )\ monooxygenase OH
HcA™iCH,
He _H
Alkane-l-monooxygenase | (LH A\ (UH,),.
(CHz)s___OH
H,C~ ‘S * o Alcohol dehydrogenase
Aicohol dehydrogenase ‘ i
CH 0 i g™
HyC A 2)n\c 2 (CHay,  (CHz), .
Aldehyde dehydrogenase H ‘ Baeyer-Villiger monooxygenase
o} {CH,),
(CH2), YN
HC~ | ~COOH HE”:f \]/ u
i
o-fatty acid monooxygenase o
HO {CH2), J Esterase
NE OOH
Ha H. _OH (CHy),
Alcohol dehydrogenase J (CH,), HOOC™ \H
0 {CH.),
¢~ “cooH /
Aldehyde dehydrogenase ll p'(N(Hlm
N carb d
HOOC CH:'COOH arpen ane enerey
(Van beilen ,

22
2003)



25.2 ,
(dioxygenase)
(c/s-dihydrodiol) (catechol)
2
pathway) (ortho pathway) TCA-cycle (Juhasz
2000) 23
H NAD
o > X CH
O di-oxygenase S ©8ﬂ dehydrogenase Qon
H
benzene ci-dihydrodio NADHHH catechol
M
Lo « Ortho Pathway
colh Pathway CHgmH
oo b OH
cis, cis-muconic acid 2-hydroxymuconic semialdchyde
0, ~"h3o
\>/ hcooh
o COOH COOH
| COOH .
E-kctoadipic acid 2-keto-4-pentcnoic acid
CoA
- X
HOOC- CH— CH—COOH CHj-C—COOH
succinic acid pyruvic acid
0 0
CH-,- C— SCoA CHj-CH
acetyl CoA acetaldehyde
2.3 (Juhasz

2000)

23

(meta

Naidu,

Naidu,
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2 ' 1 (Ghazall ,
2004)
(Braddock , 1995)
Nakamura (1996) 4
(Arabian light crude oil) Acinetobacter SP. T4
Rhodococcus SP. PR4 Pseudomonas
putida PB4 ¥ sphingomonas SP. AJl
0%  21% Acinetobacter SP. T4
Pseudomonas putida PB4 2
4 b Acinetobacter SP. T4 Pseudomonas
putida PB4 Acinetobacter SP. T4

Pseudomonas putida PB4

Richard  Vogel (1999)

Pseudomons S. Achromobacter S.

50 90%
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Zouboulis Avranas (2000)

-80

95% 500
Rahman (2002)

5
Micrococcus SP. Bacillus SP. Corynebacterium SP. Flavobacterium S.

Pseudomonas S.

20
8%
1% ( ) 1%
15 30
Ghazali (2004)

(2547) STK

[]

Zoogloea SP.  Stenotrophomonas S
Mesorhizobium SP/
Ly (2006) 1

3 Pseudomonas  SP.
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Flavobacterium S, Rhodococcus S. 1

Pseudomonas SP.

Lee (2007)
105
9320 . 42-51% 18%
c:N:P 500 10:1
Vieira (2007)
1
Pseudomonas SP. Serratia SP. Klebsiella SP. Bacillus SP.
19 ( ) 50

49 90%
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