" (biodegradation)
: (aerobic) ,
, (anaerobic)

(Alexander, 1994; Medsen, 1998)
(bioremediation)

1. ' - (intricsic
bioremediation)

(In situ)



(Medsen, 1998)
2. (engineered bioremediation)

(Ex situ)

(Medsen, 1998)
(Alexander, 1994)
(Lynch
and Poole, 1993)

(heterotrophs)

1
(oxidation) (reduction)
(intermediates®™ |
NADH+1-f

(glycolytic pathway)
(tricarboxylic acid cycle)

" ( constitutive enzymes)

(catabolic  pathway)



" (inducible enzyme)
¢ " (inducer)

(aerobic respiration) (anarobic respiration)
(fermentation)

2536)

I ! !
(Spain and Gibson,
1991)  US. Environmental Protection Agency (1996)
4 (4-nitrophenol)
(2-nitrophenol) (2,4 Dinitrophenol) 2,46
(2,4,6 Trinitrophenol) 4
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]
]
(Spain, 1995) Desulfovibrio SJ.
] ) 214-
2,6- - ] '
] 4.6- (4,6-clinitrohexanoate)
6 ,
]
(Boopathy and Kulpa, 1993)
] ,
(pure culture)
(microbial community) (Marvin and
Bont, 1994)
(monooxygenation® ]
(dihydroxy compound) (Zeyer and Kearney, 1984; Spain
etal, 1991)
Zeyer  Kearney (1984) Pseudomanas putida
]
| ds, cis-muconic
NADPH
Lenke (1992) Rhodococus erythropolis
' ]

4,6- (4,6-dinitrohexanoate) Blasco
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(1999) Rhodococus Sp.
2
3- (3-nitroadipate) !
1 3_
4,6- " Lenke
2,4,6- Y
Wyman (1979) Pseudomonas aeruginosa
2,4,6- 2- -4.,6-
Rieger (1999) Rhodococcus  erythropolis 2,4,6-
2,4,6-
" Lenke
vl
V 1953
Simpson Evans
Pseudomonas  Sp.
‘ (nitrite) Vv
(hydroquinone) ( Spain, 1995) Munnecke
Heich (1974) Pseudomonas Sp.

(hydroxyl group)aa
124 (1,2,4-benzenetriol)

Sandharar-Barik Sethunathan (1978) Pseudomonas  Sp.

12
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Spain Gibson (1991) (nitrophenol
0Xygenase) Moraxella sp. (sludge)
(activated sludge wastewater treatment plant)

(monooxygenation)
NADPH ' NADPH 2
1
(intermidiate)
. 1991 Moraxella
sp. "6
FAD (flavin adenine dinucleotice) (catalyse)
' (Y'
hydroxymuconic semialdehyde) (dioxygenation)

! (ferrous ions)
((3-ketoadipate) (Spain and Gipson, 1991) Nishino

Spain (1993) Pseudomonas putida
' 3 (p-nitrophenol
Monooxygenase) (hydroquinone oxygenase) 1,24
(1,2,4-benzenetriol oxygenase) Pseudomonas putida
"Spain - Gibson Moraxella sp.
Pseudomonas putida 6 Jain
(1994) Arthrobacter Sp.

(monooxygenase-catalyzed hadroxylation)

2 3
(4 - nitroresorcinol) (4-nitrocatechol)
124
(ortho ring) (maleyacetic acid)

)
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OH OH

7T
p-Nn:Etjwenn\
U-Keloadipate Maleylacelate vrrgﬁm\ﬁmc
6 Moraxella sp. (Spain and
Gibson,1991) Pseudomonas putida (Nishino and Spain, 1993)
4Niliofesofcinol
Q9
$
pNifz:;ﬁ A,Nu’::;edu 124;:%",
- foSI\/I
NAD* NADH \O/
Milgylacdiate
7 Y, Arthrobacter sp. (Jain et al.,
1994)
Vv Moraxella sc.
Arthrobacter sp. Y,
Moraxella sp. r

Arthrobacter sp.

1,2,4

- " (enrichment-culture technique)



Mimnecke

(Alexander, 1994)

ieh(1974)

Burk mineral salt solution

khpo4d
kh2Zo4
MgS04
CaS0412
NaM0042HZX)
FeS04THD
(NH4 XS04

15 /

KH204
kZhpo4d
NaCl
MgS047HD

1%
1.2

0.2

0.8

0.2

01
0.0033
0.005
1.0
1,000

0.005%

15

1.0
1.0
1.0
0.7

121

mineral salts

14



(NH42 4 4.0
Na-Citrate. 2H2 5.0

1,000
Agar 15

0.05%
1.2
15

Spain (1980)

khpod
MgS04HZ
ZnS04
NaMo04.2H2)
CaCl2

NH4C1

1,000
yeast extract 50
14

ay

121

(selective enrichment) |

700
112~

14
500

50

15

15



Herman  Costerton(1993)

! V
! Modified
Bushnell and Haas (MBI1) minimal sails
kiidod 1.0
NaHP04 1.0
MgS047HZ) 0.2
CaC-12.2Hg0 0.02
MnS042H2) 0.002
FeCl3 0.002
nhdno3d 0.5
(nhd)2 4 0.5
1,000
! 20
1 ' 121 15
/ 15 MBI
MBH
3.7 v 2

(Medsen, 1998)



Wiggins (1987)
1
] ] 6
(acclimation phase)
I
6

10 (8

[

(Alexander, 1994)

' ' (substrate)l

"1

17
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30

||0
m

DAYS

(Wiggins et al., 1987)

Spain  Veld (1983)

80



(Aniline)

Nyholm (1984)

LV

(Alexander, 1994)

(substrate)

%

20-25

40-60

19-92

17-53

19

Chesney

(1985)

Hoover

(1986)

Hoover

(1986)
Stott
(1983)
Martin Haider

(1979)
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(Alexander, 1995)
Sarnaik Kanekar
(1995)
Pseudomonas Sp.
80
28 35



)11 1 )
(' imt) vitna'o 21

(Alexander, 1995)

(Sarnaik and Kanekar, 1995)

(nitrogen fixing bacteria) (N2

( , 2536)
Lewis, Kollig Hodson
(1985) (p-cresol)
0.01
' 0.01

20 - 0.01



Ks

(Kinetics)

( ouoor

22

equation)
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» (logarithmic kinetics) (Simkins
and Alexander, 1984) , |

" (logistic kenetics)

" (monod
with growth kinetics)

1 (haldane’  equation)
H = »K
Ks+ +( 2K}
J
I na i
Ks



" (zero-order kinetics)

(first-order kenetics)

no growth Kinetics) )(Alexander, 1994)

"9

24

(monod
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NOILYHLN3IONOD 1vd.1Sans

(Alexander, 1994)
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