2.1 !

( 52537)

21 (Speight, 1991)

83.0-87.0
100-140
0.1-2.0
0.05-15
0.05-6.0

211 (Adas, 1981 ; Leathy ~ Colwell, 1990)



I« 41
€ H 21142
(straight chain) (branched chain)

(cycloalkane) 1

EHAM 5-6
(alkyl side chain) 2.1
cyclohexane 1 - methylcyclopentane ethylcyclohexane
2.1
1
€1 2M6R R
10-50% (Atlas , 1995)

b}
(gasoline fraction)

(lubricating oil)



(asphalt fraction) (W ilson Jones , 1993)

(asphaltenes)

(Beckmann, 1981 ; Schobertt, 1990) 2.2

toluene

(olefins, C/H 29

2.1.2

1,2-dimethyl

naphthalene

2.2

(unsaturated hydrocarbon)

(alkyne , € H 2.2

(unsaturated bond) (Speight, 1991)

( ,2537)



5%

50%

(organic sulphur compounds)

Disulphides

23

0.04% 5%

23

(H2)

HC G- R

Thiophene



0.5%

(carboxylic)

hydrotreating

(naphthenic acid)

cresol
24
cracking
V2 N
Carboxylic acid Phenols & Cresols
24
(nitrogen hase) (neutral compound)

0.1%



2.5

2.5

(coke)

(dlesalter)

hydrotreating



10

desalting
2.2 (Physical properties of crude oil)
(specific gravity) (viscosity)
221 (Density) (Gravity)
Q o DR Vo1 10 ' "1

(Specific gravity)
API' (American Petroleum Institute gravity) API
I Baume scale

degree API = 1415 -1315
sp. gr.60°/ 60°F
sp. gr. 60°/60°F 60°F
08  (45.3°API)

(light crude oil) 10 ( 10°API)
(heavy crude oil)

2.2.2 (Viscosity)

2.2



2.2

(Paraffing)
(Alkylbenzene)
(Gasoline)

(Kerosene)
(Lubricating oils)

11

0.9

2.3
102-103



Arabian crude oil North Cantal crude oil

LostHorse Hill crude ol Prudehoe Bay crude ol

2.6
(Wilson ~ Bradley, 1996)



2.3 (Contamination ofcrude oil in the
environments) (Atlas, 1984 ; Bartha, 1986)

, (Atias , 1995)
(Atlas , 1991 ; Atlas Bartha 5 1992)
(Atlas , 1995 ; Korda , 1997)

23.1 (Contamination ofcrude oil  the
terrestrial environment)

23.11 (Wardley Smith
1980)

3 (Bossert  Bartha , 1984 ; Bartha , 1986 ;
Bossert  Compeau, 1995)

23.12

(horizontally)
(vertically) 2.6
(Bossert  Compeau, 1995)



i

2.1 (Bossert ~ Compeau,
1995)

23.2 ! (Contamination ofcrude ofl
in the aquatic environments)

2321

( 52537)

(Cooney, 1984 ; Floodgate, 1984)



23.21 !
4
(solution) (emulsion) (tar balls)
(spreading)
(oil slick) A
(surface tension)
(Floodgate, 1984)
(dissolution)
aliphatic) (single-ring compound)

mi 17

(Floodgate 51984)
(oil emulsification)
(wave agitation)
(oil in water)

(water in oil emulsion)

(chocolate mousse) (Floodgate, 1984)

(tarball formation)

15

(film s)

(light



2.8

24 «

( 12533)

24.1

(surface area)

(Floodgate, 1984)

16



(Bossert Compeau , 1995) ;

(Zuofa , 1988)

, (ATP production)

(dehydrogenase activity) (Pfaender Buckley , 1984)

(Sexstone Atlas 51977 ; Bossert Bartha, 1984)

Dufius (1980)

(Cooney 51976 ; Bertrand

1993)

17



18

24.2
!
(
2533)
!
if
Sheila (1976) Kuwaitcrude oil 0.76
Entcrmorpha 4
Floodgate (1984)
(physical barrier)
, Sheila
(1976) 3 ! oxygen diffusion rate
(ODR) 1-2 : 0
!
!
(heat absorption) !
Kuwait crude oil
34 0

45 ° 4

(Sheila, 1976)



19

( ,
2537)
Thomas (1979)
50 | (cellullar membrane)
Baker (1990)
(photosynthesis) (respiration)
Anabaena doliohm
Samiullah (1989)
MO -4
(blue green
algae) (Singh Gaur11990)
Stanley (1979) Cook Inlet to
1-3 . 96
3-8 . 96
, (plankton)

Dennis (1979)



20

(" 2533)
!l
25 7 (Treatments ofoil and petroleum wastes)
3
25.1
(Wardley  Smith, 1980)
25.2
2
Triton
X-100 Tergitol NPX (Fu

Alexander , 199 ; Bruheim , 1997)



Torrey Canyon
1 1984)

253

, 1995)

(Dodd , 1974)

* » «  JHoyJau '
r @

(Smith, 1968 ; Cowell

(Mulkins-Phillips  Stewart, 1974)

(Bioremediation)

(Atlas, 1991)

1946

(Exxon Valdez)
(Braddock

Claude E. Zobel

(Zobell, 1946)



22

(Korda , 1997)

(seeding)

(genetic stability)

' (nonpathogenicity)

(Leathy  Colwell, 1990)

(Atias , 1991)

1963-1990
1963-1980

Bartha Atlas (1977) 22 (genus) 1

14 Austin (1977)

99
(Chesapeake bay) Actinomyceétes

Enterobacteriaceae  Micrococcus Nocardia Pseudomonas  Sphaerotilus natans

Baptist (1963) Pseudomonas oleovorans

(octane)



23

(octanol)
(octadehyde) (octanoate) Hollaway
(1980) Pseudomonas  sp. ,
Stone (1942) Pseudomonas  sp.
(Buckley
51976) 49 90
(Raymond , 1976)

Horowitz Atlas (1977)

Sexstone Atlas (1977)

Horowitz (1975)

(sequential growth)

exponential phase

Jobson (1972)

Lange (1994)
Micrococcus cerificans -
(decane) (dodecane) (tetradecane)
(hexadecane) (octadecane) Sielicki



24

(1978)
(Styrene)
(phenylethanol) (pheny! acetic acid) Parekh (1977)
(anaerobic  condition) Pseudomonas ~ Sp.
(dehydrogenase) (hydroxylase)
]
(aeration)
(Jobson , 1972 : Wilson ~ Bradley , 199)
Walker (1975)
(Adas  Bartha ,
1972 ; Mulkins-Phillips ~ Stewart 51974) Dibble  Bartha (1979)
Walker ~ Colwell (1975)
Actinomycetes
15° §
(saturated fraction)
(aromatic fraction) (asphaltene
fraction)
(pyridine) (Walker
Colwell, 1976) Ward  Brock (1976)
(Wisconsin lakes) 20°-25°

(Ward  Brock, 1976) Mulkins-Phillips ~ Stewart (1974)



(dispersants) 4
Degreaser-Formula 11470

25°
1981 - 1990

Pseudomonas 9.

(1990)
aerobic

(plasmids)
bank

(1983)

(1989)

(monoterminal attack)

(PAHS)

25

heterotrophic

corexit8666 Gamelen Sea clean G.H.Woods
(125 )
Fought (1989)
Song  Bartha
(jet fuel)
Leathy (1990)
Campech
Bertrand

(polar - hydrocarbon)
97 8 %2 14
Blasig
Candida maltosa
diterminal

Heitkamp (1988)



26

! (Kiyohara ~ Nagao 51978) Ajisebutu (1988)

Aeromononas Sp. 05
Bertrand (1990)
35 18
Shailubhai (1984)

Rhadotorula sp.

Oberbremar ~ Muller (1989)
(stirred reactor) Omar

Rehm (1988) immobilized
Candida parasitosis ~ Petcillium fréquentons
C12-C18
Omar (1990) Candida parasitosis
immobilized %
3 (free cells)
215
» 1991 -
Kampfer (1993)

Acinetobacter Sp. Alcaligenes sp. Comamonas Sp. Hydrogenophaga Sp.
Pseudomonas Sp.  Flavobacterium 8.



21

Bacillus sp. Coryneforms  Nocardioform
Mycobacterium Sp. Rhodococcus Sp.

Gordona  Sp. PAHS
! (Kastaer , 1994)

Ashok (1995) Micrococcus Sp. Pseudomonas Sp.
Alcaligenes Sp. Lai Khanna
(1996) Acinetobacter calcoaceticus ~ Alcaligetts odorans

oM
Venkatewaran ~ Harayama (1995)
(simple
enrichment  technique)
Besteetti (1994)
(salicylic acid) ~ PseudomonasJluorescem N3
(dioxygenase) Acinetobacter sp. M-1
(n-alkylhydroperoxide) (Maeng , 199) Hughes (1997)
PAHS
Wrenn
(1994)
(NHACY)
(KNO3 -
(ammonia comsumption) - Volkering 5 19%

Triton X-100 , Tergmol NPX



28

10 Bruheim
(1997)

Brodkoro  Legge (1992)

Phanerochete chrysosporium (white
rot fungi)
Grey (1994)
(rotating bioreactor)
(creosote) Rosenberg (1996)
, Wiison  Bradley
(1996) Pseudomonasftuorescens
Williams
(1998)
2.6 »
2
(membrane  bound)
(oxygenase)
(water-insoluble hydrocarbon) (Rosenberg , 1992)

261



63
(igment)
( 3 )
(single cells) 60
(nair) 32
(motility)
(Austin 51977 ; Bertrand 51993 ;
Kampfer , 1993) Rhodococeus (Kastner
. 1994 : Sorkhoh , 1990) Pseudomonas (Ashok 5199 : Mueller
, 199)  Acinelobacter (Atlas , 1991) Bacillus (Sorkhoh 5 1993)
Achromobacter Norcardia Arthrobacter Vibrio Micrococcus (Austin , 191)
Actinomyces (Walker ~ Colwell , 1975) Flavobacteriwn Brevibacterium (Atlas
Heintz , 1973) Alcaligenes (Ashok , 1995) Enterobacteriaceae
(Leathy  Colwell 51990)

23

Acinetobacter calcoaceticus RAG-1

1 (capsules) (emulsan)

(Rosenberg 5199) Acinetobacter $p. HOL-N extracellular
membrane vesicles
(Kappeli Finnerty ,  1979)
Pseudomonacs
, (breakdown)



0

Rhodococcus (Hollaway

, 1980)
262
Kingdom  Mycota
2621
Candida (Komogara , 1964) Candida moltosa
(monoterminal hydroxylation)
450 (monoxygenase)
(dliterminal oxidation)
(Blasig , 1985) Shailubhai (1984) Rhodotonda Sp.
8
63 13 1
2022 !

(Jones  Edigton , 1968) Nyns (1968)

2 (ordler) Mucorales Monilales
Aspergillus sp.  Pénicillium Sp. Davies
Gibbs (1975) 60
(Brodkort
Legge , 1992 ; Sorkhoh , 1990) Lambert (1994)
Lange (1994) Crinipellis stipitaria

(Submerged cultures) — Agpril (1998) Pseudallescheria



3

boydi
2.3
2.6.3
Prototheca zopfi
(Walker
Colwell, 1976) Cemiglia (1984)

Oscillatoria spp. sAnabaenaspp. sNostocsp ., Chlorella spp. (cerlignia , 1984)



2.3

Achromobacter sp.

Acinetobacter sp.
Actinomyces sp.
Aeromonas sp.
Alcaligenes sp.
Arthrobacter sp.

Bacillus sp.

Brevibacterium sp.

Coryneforms sp.

Flavobacterium sp.

Klebsiella sp.
Lactobacillus sp.
Moraxella sp.
Nocardia sp.
Pseudomonas sp.
Sarcina sp.
Spherotilus sp.
Spirillum sp.
Streptomyces sp.
Vibrio sp.
Xanthomoiuts sp.

Floodgate (1984)

Aspergillus sp.
Aureobasidium sp.
Botrytis sp.
Candida sp.
Cephalosporium sp.
Cladosporium sp.
Cuntunghamella sp.
Debaromyces sp.
Fusarium sp.
Hensemda sp.

Helminthosporium sp.

Mucor sp.
Paecilomyces sp.
Pénicillium sp.
Riwdosporidium sp.
Rhodotorula sp.
Saccharomyces sp.

Saccharomycopsis sp.

Sporoboromyces sp.
Torulopsis sp.
Trichoderma sp.
Yarrowia sp.

32



3

2.7 ,®
(Scotsky , 1994)
Pseudomonas sp. (degradative plasmids)
0CT ,
TOL SXYL NAH 0CT
oCT
(alcohol-dehydrogenase)
(Grand , 1975)
(dehydrogenase) alkJ akBGT
XLT
TOL
(W renn . 1994) NAH
J (Dunn Gunsalus , 1973) Sukhumavasi (1997)
Pseudomonas oleovorans 0cT
(hydroxylation system)
(alkanols) (alkanals) (alkanoic acid) (W odzinsky
Larocca , 1977) Pseudomonas putida (
6-10 ) alk Inc-p2 Pseudomonas sp.
(Benson , 1979) (genetic engineering)

Pseudomonas aeruginosa NRRL B-5472
Pseudomonas aeruginosa ic
(Chakrabarty Latham , 1981 ; Nieboer , 1997)
gwB
Pseudomonaspiaida (Yamamoto Harayama 5 1995)
W hyte (1997) Pseudomonassp.  alk



nail

2.8
(Atlas , 1981 ; Leathy
Colwell, 1990)
2.8.1
28.1.1
(co-oxidation)
12 18
(Jobson , 1972 ; Wilson Bradley , 1996) W alker (1974)
(Cruden , 1992) Sugiura (1997)

2812

(Fought , 1989)



3

(Singer  Finnerty 51984)

Davis  Gibbs, 1975)

2.8.13

" (Dibble  Bartha

12 (

2.8.2

(Sexstone ~ Atlas , 1977)

Colwell 1978
(

1.25 5.0
Il ' 1 "
1979)

(Van Bondeau, 1954)

(Braddock , 1995)

(Jones Edington , 1968)

Colwell, 1990 : Venkateswaran

(Goldstein

(Walker ~ Colwell 1975 ; Adas , 1981 ; Leathy
. 1995)
(predation)
. 1985)
6 - 82



0.13 - 50 (Jones , 1970 ; Pinholt
0.003 - 100 (Hollaw ay
Phillips Stewart 5 1974)
(Cooney , 1976 ;Floodgate 51984)
2
(sparing) (co-oxidation)
(pristane) (Pim ik , 1974) Atlas (1981)
2
Raymond (1967)
Herbes Schwall (1978)
(synergism) (A tlas, 1981)
28.3 !

2.83.1

L 1979)

1980

36

: Mutkins-



(1984) M argesin

(Floodgate , 1984)

0il)

Huddleston Cresswell

1993 ; Zuofa

70 °

2.832

(Bailey

(Morkan

Floodgate, 1984)

2.833

110 (Bossert

Schinner (1997)

20 °

10°

Zobell (1973)

(1976)

51988) M ateles

(aeration)

, 1973 ; Leathy

atkinson , 1989)

Bartha , 1984)

3

(Atlas , 1981) Bossert Bartha
Rosenberg (1992)

40 °

(Atlas , 1975 ; Atlas Bartha , 1972)

(Metula crude

(Sorkhoh

(1% 7)

Colwell , 1990)

(Robson , 1972

2.5

(neutral)



38

(Leathy Colwell, 1990) Dibble
Bartha (1979)
5.0 7.8
2.8).4
Koliler (1990)
(chemical surfactants)
?
M ulkins-Phillips Stewart (1974) Sugee 2
Corexit 8666
Gamlen Sea Clean
Sugee ,
(Sarkar , 1989)
Pareilleux (1979) Roy (1979) Yarrowia
Hpolytica
Rosenberg Rosenberg (1981) Rosenberg Rosenberg
(1985) Acinetobacter calcoaceticus r a6 -1
Reddy (1983)
Pseudomonas  sp.  pc-1
M attéi Bertrand (1985) M attéi

(1986) Foght (1989) Bruheim (1999)



cFu

1992)

39

(hydrophobic hydrocarbons) (Setti , 1995

Alexander , 1995 ; Stelmack 51999)
(Banat , 1995 ; Stelmack

, 1999)
(starter culture) (Jain , 1992)

(Muller-Hurtig

(Exxon Valdez)
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