2.1
(Polycyclic Aromatic Hydrocarbon
1PAHS)
(The .. Environmental Protection Agency, EPA)
PAHs (crude ol
100 4
(resin), (asphaltene), (alkane)
(aromatic hydrocarbon) (Lai ~ Khanna, 199) Thom  Aken (1998)
(NMR)
58-61
33-36
4-6 1-2
PAHs 2
(hydrophobic)
( 12543)
PAHs 1
( ,
2544)
PAHS 2 (low
molecular weight 1LMW) 4
(high molecular weight 1HMW) 4
(Hati, 2009) (carcinogenic)

(mutagen) ,



(Liguori, 2006)

PAHs () 1 [ ] (
1)
(ATSDR 1 1995)
PAHs
PAHs
(ATSDR , 1995) PAHs
(Boonyatumanond , 2006) Monteiro (2000)
PAHs
bioavailability PAHS
PAHs
(Meador , 1995)
PAHs 2
(Cerniglia, 1992) (Gundell ,
1996 (Boogaard, 2008)
(Wilson ~ Jones,1993)
(Seo , 2009)
(Juhasz Naidu, 2000) PAHs
PAHs (carcinogens)

(mutagens) (Boonyatumanond , 2006)
(The .. Environmental Protection Agency 1



US-EPA) PAHs 16

21
2.1 - PAEls
(Bojes  Pape, 2007)

e gro) o) ( H

CO 181 A BRIEQ

G = 38 375 E03

%B 152,20 61 290EQ

C 17823 005 255EL5

Q ) 17823 11 6.80 E-04

cC 0 16622 19 324 E03

«8 202.26 026 813E06

() CO? 22 0011  1S4EQ7
228.29 00015  7.80E09

O wx 012 425E06

() 25232 00038  489E09
() a$> =@ o5 806ES
() % 252.32 0.0008 959 E-11
(, ) X 278.35 0.0005 210 E-11
(, 1) 27634 000026  L00E10

(123, ) «% 276,34 0062  140E-10
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21

21

(Verschueren, 1977)

(US-EPA, 1987)

(Phenanthrene)

3 (angular arrangement)

72
7 = I
. |

(Robin , 2004)
(.. EPA 1987)
, 26 )
100 26 )

(ATSDR,  1995)



212 ' (Pyrene)
[,, ] (benzo[c/,e,/Jphenanthreng)

4 (Cluster) 2.2

2.2 (Habe ~ Omori, 2003)

2-3 100
(Trzesicka-Mlynarz Ward, 199; Verschueren, 1997)
(Patnaik, 1992)

PAHS (High Molecular

Weigth : HMW)

(bioavailability)

(Johnsen , 2005)
2.2 PAHs

PAHs
(volatization)
(photooxidation)

(adsorption) (bioaccumulation)
(hydroxyl radicles : (OH)) PAHS

(HD 2 (Nadarajah , 2002)
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(Bioremediation)
(Alexander, 1994)
(bioremediation)
PAHs
PAHs
(Maria, 1999; Dua , 2002) PAHs
mineralization PAHs
biotransformation
(intermediate) dead-end
(Gibson
Subraman, 1984)
2.3 PAHs
PAHs 2.2
(Wilson
Jones, 1993) (aerobic
biodegradation)
PAHs
2.3 (monooxygenase)
1
(dioxygenase)
(hydroxylation) PAHs

2 (intradlioll pathway)



Arene Oxide

PAH"s. Eucaryotes:

Fungi, Mammals
Procaryotes:

Bacteria

Dioxethane

2.3

OH

/

Phenol

ai

trans-Dihydrodiol

OH
H

OH

cis-Dihydrodiol

PAHs

(extradiol pathway)

/ Catechol

(Wilson

Ring Geavage

Jones, 1993)

Acids/
Aldehydes



2.2

PAHS

Sphingomonas Sp.
Pseudomonas mendocina
Mycobacterium Sp.
Nocardioides Sp.
Burkholderia SP.
Staphylococcus SP.

Pénicillium  SP.

Rhodococcus SP.
Mycobacterium vanbaalenii
Cycloclasticus SP.
Sphingomonas Sp.

Burkholdoria cepacia

Trichoderma harzianum
Mucor racemosus
Fusarium solani
Cylindrocarpon didymium

Pennicilium Sp.

12

(Zhao , 2009)
(Tian  Zhong, 2002)
(Miller , 2004)

( ch , 1998)
(Kang , 2003)
(Mallick  Dutta, 2008)

(Leitao, 2009)

(Pizzul , 2006)
(Kim , 2004)
(Wang , 2008)
(Mutnuri , 2005)
(Kim , 2004)
(Ravalet , 2000)
(Romero , 2002)
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233 RRM-V3

RRM-V3 (2547)
RRM-V3 Leguminosae ( )
( , 2542) RRM-
V3 100 . 14
1483 . RRM-V3
PAHs
100,98, 99 A4
14
7 4

Comamonas, Rugamonas, Flavimonas, Pseudomonas

1
2.4
(Treo Quintero, 2000)

Bioaugmentation

Biostimulation

Biofilters

Bioreactor
Bioventing

Composting

Landfarming
(aerobic)
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PAHs
biostimulation
(Robles-Gonzalez
, 2008) F
PAHs
(Vidali, 2001)
PAHs
Bioaugmentation
PAHs
(Trejo Quintero, 2000)
PAHs
PAHs
(Cassidy , 1996)

2.5

(Immobilized cells)



25.1
3
1 (Carrier-binding method)
2
11 (Covalent binding method)
(Chegtham, 1979)
24 (Covalent hinding method)
(Bickerstaff, 1997)
12 (Adsorption method)

(adsorption phenomenon)
(diaminopimelic acid)
(hexosamines)
(Cheetham, 1979)

2.5 (Adsorption method)
(Bickerstaff, 1997)

15
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2. (Cross-linking method)
(bi-) ‘ (multifunctional reagent)
(glutaraldehyde) (toluene

diisocyanate)

(Cheetham, 1979)

2.6 (Cross-linking method)
(Bickerstaff, 1997)

3. (Entrapment method)
2
31 (Microencapsulation)
(semipermeable membrang)  collodian
silicone
(Cheetham, 1979)
3.2 (Lattice type)
(polymer gel)
biochemically inert hydrogel
3

(Cheetham, 1979)
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Entrapment Encapsulation
2.1 (Entrapment and Encapsulation method) (Bickerstaff, 1997)
2.5.2 !
(Strength)

(Hydrophilicity)
(Permeability)
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2.3

Microbial consortium (Wang , 2009)
Trichoderma koningii (Zhou , 2007)
Pseudomonas putida (Wang i, 2007)

(Chen , 2007)
Acinetobacter johnsonii (Salem  Barakati, 2005)
Rhodococcus erythropolis (Prieto , 2002)
Sphingomonas SP. (Wang , 2007)
Yerrowia lipolytica (Oh , 2000)

(Zinjarde  Pant, 2000)

(Encapsulation)

(Ha, 2009)
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2.6

(Phaeophyceae) Laminaria hyperborea ,
Macrocystis pyrifera , Laminaria digitata ,Ascophyllum nodosum lLaminaria japonica ,

Ecklonia maxima , Lessonia nigrescens Durvillaea Antarctica

(Rehm, 2009)

Azotobacter Pseudomonas
(Rehm, 2009) ( 2.4)
. 1920
(viscosifying), (stabilizing)
(gelling properties) (Morch, 2008) (
wound dressings (Rehm, 2009)
1- 14-
(L-guluronic acid, G) - (D-manuronic acid, M)
(polyanionic - polymer)
, homopolymeric regions G
M G-blocks  M-blocks MG-
blocks (  22) 2
1 G
(polyvalent metal cation)
M

66 Imm MG
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Co0 \ C-block A MC-block M-block MC- bLock
o o m,;| S Vo S [P [ - 1

GGGGGGMGMGMGMGMGMMMMMMMGMGMGM...

Hooc HOOC HOOC

M-blocK
HOOC
MG-block on o b &
e :;Oc \n/?—' 47\(,/?‘
\/\_7!3" \/\‘_JOH \/\
G-block
2.8 G-blocks, M-blocks
MG-blocks G: guluronic acid , M: (" icacid (Morch 12008)
(el formation)
(cross linking)
11 (Ca2+) (Sr2+)
(Ba2+) 1
2
“ " (egg box model) ( 29
polyvalent ( )

(cross linking) polyvalent
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non gelling

egg-hox

n

2.9

- 2007)

(Morch, 2008)

(Kerar

Polomarkaki, 2005)

Maachi, 2003 Benyahia

(Seoud

(calcium chelating agent)
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26.1
Niazi ~ Karegoudar (2001) Bacillus SP.
(DMP)
DMP
20
Desouky (2002)
Acinetobacter SP. W-17
Acinetobacter Sp. W-17 63
1000 5
ldis  Suzana (2005)
1 1
Lactobacillus  delbrueckii
2 %
1 37 6.5
Lan (2009) Yarrowia lipolytica 29
chemical oxygen demand
(COD) 2000 COD 2000
50 30
4
30 12
COD 82

Peretz  Cinteza (2008)



PAHs
(Trzesicka-Mlymarz

Ward, 1996)

RRM-V3

PAHS

23
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