(acenaphthylene)

(cluster arrangement) 21

2.1

C1H8
152.20
(synnonym) | [ ]
(cyclopenta[d,e]naphthalene)
0.899
80-83

260



0 » 3

393 . 25 .
95 % , ,

(dimethylsulfoxide, DMSO), , :

(coal tar)
(Neurath, 1972)

(pyridine) (Verschueren,1996)
PAHs

(Wilson~ Jones, 1993)
PAHs
(Blumer, 1976)
PAHs 21

21 PAHS

(coke production)
(asphalt)

(wood-treatment process)



21( )

(landfil

(incineration)

(Cerniglia, 1992; Wilsons  Jones, 1993)

(Verschueren, 1996)

562861 .. (photodecomposition)

PAHS
.. 1993-1994 1.55
PAHS 2.2



WFumans PAH (uluniusagnuiAnums)

2.2 PAHS

(Panther , 199)
(Nap), " (Acy) (Ace), (Flu),
(Phen), (Anth), (Fit), (Pyn), [ ]
(BaA), Ch), [ @P 11 (BOR)
(e, “[] " ®F [] (BaP) [ ]
(OBahA), " [, . ] (BghiP), [1,2,- i " (Ind)

(Ant) (Car)



(Verschueren, 1996)

1000
(water quality)
.. 1978
0.1-05
(sall quality)
005 . 20
1.0-23.0

' PAHS

PAHS

PAHs
1977, 1980; Means ,1980: Gschwend
(half-life) 1
[ ] 200

PAHS

(Means , 1980)

50 %
Ontario
0.1-0.2
Welsh ( )
30
(Hites
Hites,1981)
PAHS
2.3



PAHs (most rapidly degraded)

o o &Y &

WaUNINTY Ay B! 3w

PAHs (more slowly degraded)

“OO Xll \) | Aol a

| 1"
1.2- 1,2
(1,2-benzanthracene) (chrysene) (1,2-benzpyrene)
12,34 125, - IWBIAU

(1,2,3,4-dibenzanthracene) (1,2,5,6-dibenzanthracene) (perylene)

2.3 PAHs (Alexander, 1994)



(toxicity)
(Lederer, 1985)
(freshwater aquatic life)
1700 (sensitive)
520
(saltwater aquatic ife)
970 710 1

500

(human health)

(carcinogenicity) , (LaVoie
Rice, 1988)



(mutagenicity)

Ames test
Salmonella typhimurium TM677 (LaVoie  Rice, 1988)

(nitro)

5
' (3-methylacenaphthylene)
methylacenaphthene)
PAHS
L
2

( - 1992)



Protection Agency, EPA)
PAHs 16

22 " PAHs

PAHS

(naphthalene)
(acenaphthylene)
(acenaphthene)
(fluorene)
' (phenanthrene)
(anthracene)
(fluoranthene)
(pyrene)
(chrysene)
[ ] (benz[aJanthracene)
] (benzo[b]fluoranthene)
[ ] . (benzofluoranthene)
[ 1  (benzo[a]pyrene)
2] (benzo[g,h,/Jperylene)
[12,- ]  (indeno[1,2,3-caOpyrene)
[, ] (dibenz[a,/ljanthracene)

12

(The .. Environmental

PAHs 16

24
1048 128.18
2Hy 152.20
HD 154.22
3410 166.23
M40 178.24
MM 178.24
C-14110 178.24
B0 202.26
CHD 228.30
CIHD 228.30
CaH® 252.32
C2Hz 252.32
CAHR 252.32
CZHD2 276.34
C2H2 276.34
CZHY 218.36
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14

PAHs (Wilson
Jones, 1993)

The ~ Comprehensive  Environmental ~ Response,
Compensation and Liability Act (CERCLA) ~ “Superfund”
(EPA)
The National Priority List (NPL) The Superfund Amendments
and Reauthorisation Act 1986 (SARA)

(Baiba, 1991)  PAHSs

CERCLA, SARA
RCRA (McCoy Associates, Inc., 1988) PAHS 15
(priority
pollutants)
(Keith  Telliard, 1979)

(The Canadian Council of Ministers of the
Environment)

(Council Directive) ~ 80/68/EEC .. 1980
(Haigh,  1990)
76/464/ EEC .. 1976
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PAHS

(Wilson
Jones, 1993) PAHs
PAHs
! 1 .. 2535
10 PAHs
1 (
1 , 2535)
.. 2535 6 78
79
( ' 25%)
! PAHs
PAHs
(Manahan, 1993)
L (physical methods)
(filtration)

(drying) (solvent extraction)



(activated carbon)
PAHs

(chemical methods)

(thermal methods)
(incineration)
(fragments)
(bioremediation)

, PAHS

2.3

(Lee  Outright, 1996)
(Wilson

Jones, 1993)

900

16
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2.3 0 (Cookson, 1995)
1 2 3
1 $530
2, (solidification) $115
3 (landfill $670
4, $200
(thermal desorption)
B. $175 $27 $20
PAHs
PAHs
(Cerniglia, 1992) 2.4
(transformation)
(white rot
fungi) 2.5
PAHS
(procaryote) (eucaryote)
(Selifonov , 199,

Johannes , 1999)



18

(dioxygenase) - - 2
(c/s-acenaphthene-1,2-dliol) 1,2-
- -2 (L-clihydroxy-2-ketoacenaphthene)
(diol dehydrogenase) - 2
(acenaphtho-1,2-quinone)
, - (,8-naphthalene dicarboxylic acid)
2.5



2.4

PAHS

PAHs

Acinetobacter calcoaceticus, Alcaligenes
denitrificans, Mycobacterium Sp,, Pseudomonas
Sp., Pseudomonas putida, Pseudomonas
fluorescens, Pseudomonas paucimobilis,
Pseudomonas vesicularis, Pseudomonas
cepacia, Pseudomonas testosteroni,
Rhodococcus Sp., Corynebacterium renale,

Moraxella Sp., Streptomyces Sp., Bacillus cereus

Beijerinckia Sp., Pseudomonas putida,
Pseudomonas fluorescens, Pseudomonas

cepacia, Pseudomonas Sp.

Beijerinckia SpP., Mycobacterium Sp.,
Pseudomonas putida, Pseudomonas
paucimobilis, Pseudomonas cepacia,
Rhodococcus Sp., Flavobacterium Sp.,

Arthrobacter Sp.

19

Davies Evans, 1964
Dunn Gunsalus, 1973;
Jeffrey , 1975;
Dua  Meera, 1981; Barnsley,
1983; Cerniglia , 1984;
Foght Westlake, 1988;
Garcia-Valdes , 1988:
Trower , 1988; Ryu

, 1989; Mueller :
1990; Tagger , 1990;
Weissenfels , 1990,
1991; Kelley , 1991,
Kuhm , 1991; Walter

, 1991; Grund :

1992

Chapman, 1979; Schocken
Gibson, 1984: Ellis

1991

Colla , 1959; Evans
, 1965; Akhtar ,

1975; Jerina , 1976;

Savino Lollini, 1977;
Westlake, 1988; Mueller

, 1990; Ellis , 1991;
Foght Walter :
1991; Weissenfels :
1991



24 (

PAHs

Aeromonas Sp., Alcaligenes faecalis, Alcaligenes
denitrificans, Arthrobacter polychromogenes,
Beijerinckia sp., Micrococcus Sp.,
Mycobacterium Sp., Pseudomonas putida,
Pseudomonas paucimobilis, Rhodococcus Sp.,
Vibrio Sp., Nocardia Sp., Flavobacterium Sp.,

Streptomyces griseus, Acinetobacter Sp.

Alcaligenes denitrificans, Mycobacterium Sp.,
Pseudomonas putida, Pseudomonas
paucimobilis, Pseudomonas cepacia,

Rhodococcus Sp., Pseudomonas Sp.

Alcaligenes denitrificans, Mycobacterium Sp.,

Rhodococcus Sp.

20

Treccani , 1954: Colla
, 1959; Evans :

1965; Jerina , 1976;

Kiyohara , 1976, 1982,

1990; Savino Lollini, 1977;
Kiyohara Nagao, 1978;
Barnsley, 1983; Ghosh
Mishra, 1983; West

1984; Foght Westlake,
1988; Guerin Jones, 1988,
1989; Heitkamp Cerniglia,

1988; Trower , 1988;
Mueller , 1990;
Sutherland , 1990;
Weissenfels , 1990,

1991:Keuth Rehm, 1991

Foght Westlake, 1988;

Mueller , 1989, 1990;
Kelley Ceriglia, 1991;
Walter , 1991:
Weissenfels . 1991
Heitkamp , 1988;
Grosser , 1991 ; Walter

, 1991: Weissenfels
. 1991



24 (

PAHS

[ ]

[]

«

Rhodococcus Sp. Walter
Alcaligenes denitrificans, Beijerinckia Sp., Gibson
Pseudomonas putida Mahaffey
Weissenfels
Beijerinckia Sp., Mycobacterium Sp. Gibson
Heitkamp
Grosser
Absidia glauca, Aspergillus niger, Basidiobolus Ferris

ranarum, Candida utilis, Choanephora
campincta, Circinella Sp., Claviceps paspali,
Cokeromyces poitrassi, Conidiobolus
gonimodes, Cunninghamella bainieri, Crow, 1981
Cunninghamella elegans, Cunninghamella

japonica, Emericellopsis Sp., Epicoccum nigrum,

Gilbertella persicaria, Gliocladium Sp.,

Helicostylum piriforme, Hyphochytrium

catenoides, Linderina pennispora, Mucor

heimalis, Neurospora crassa, Panaeolus

cambodginensis, Panaeolus subbalteatus,

Pénicillium chrysogenum, Pestalotia Sp.,

Phlyctochytrium reinboldtae, Phycomyces

blakesleeanus, Phytophthora cinnamomi,

Psilocybe cubensis, Psilocybe strictipes,

Psilocybe stuntzii, Psilocybe subaeruginascens,

Rhizophlyctis harden, Rhizophlyctis rosea,

Rhizopus oryzae, Rhizopus stolonifer,

Saccharomyces cerevisiae, Saprolegnia

parasiticus, Smittium culicis, Smittium culisetae,

A

, 1991
, 1975;
, 1988;
, 1991

, 1975;

Cerniglia, 1988;

, 1991

, 1973: Smith
Rosazza, 1974; Cerniglia
Ginson, 1977; Cerniglia
, 1978; Cerniglia



24

PAHS

[ ]

Smittium simulalSordaria fimicola,
Syncephalastrum racemosum, Thamnidium
anomalum, Zygorhynchus moelleri
Bjerkandera Sp., Cunninghamella elegans,

Phanerochaete chrysosporium, Ramaria Sp.,

Rhizoctonia solani, Trametes versicolor

Cunninghamella elegans

Cunninghamella elegans, Phanerochaete

chrysosporium, Trametes versicolor

Cunninghamella elegans

Cunninghamella elegans, Phanerochaete

chrysosporium

Cunninghamella elegans

22

Cerniglia, 1982; Cerniglia
Yang, 1984; Hammel ,

1991: Field
Pothuluri
Sutherland

Pothuluri

, 1992;
, 1992
, 1992

, 1992b

Ceriglia Yang, 1984;
Bampus, 1989; Cerniglia
, 1989; Morgan ,

1991; Sutherland
1991; Hammel

Pothuluri

Ceriglia
Hammel

Ceriglia

, 1992

, 1990, 1992a

, 1986;
, 1986

, 1980d



24 ()

PAHS

[ ] Aspergillus ochraceus, Bjerkandera adusta,
Bjerkandera Sp., Candida maltosa, Candida
tropicalis, Cunninghamella elegans, Mortierella
verrucosa, Neurospora crassa, Pénicillium Sp.,
Phanerochaete chrysosporium, Ramaria Sp.,
Saccharomyces cerevisiae, Trametes versicolor,

Trichoderma viride

Oscillatoria SP., Microcoleus chthonoplastes,
Nostoc SP., Anabaena Sp., Agmenellum
quadruplicatum, Coccochloris elabens,
Aphanocapsa Sp., Chlorella sorokiniana,
Chlorella autotrophica, Cylindrotheca sp.,
Amphora Sp., Nitzschia Sp., Synedra Sp.,

Navicula Sp., Porphyridium cruentum
Oscillatoria SP., Agmenellum quadruplicatum

[ ] Selenastrum capricornutum

(Cerniglia, 1992)

23

Cerniglia Gibson, 1979,
1980a, 1980b; Lin  Kapoor,
1979; Wiseman

Woods,1979; Cerniglia

Crow, 1981; Ghosh :

1983; Bumpus , 1985;
Field , 1992

Cerniglia , 1979,
1980a, 1980D, 1982,

Narro , 1992a

Narra , 1992
Warshawsky , 1988,
1990



2.5

Pseudomonas Sp.

Beijerinckia SP.  Beijerinckia SP.
Pseudomonas SP. A
Pseudomonas cepacia F297

Pseudomonas aeruginosa

(pRE695)

Trametes versicolor

PAOL

8/36

24

Chapman, 1979
Schocken Gibson,1984

Komatsu . 1993
Grifoll . 1995

Selifonov . 1996
Johannes 1998

Majcherczyk , 1998



HO, O

[HO o

1-hydroxy-2- ketoacenaphthene

O, 0. (0]

Py HOOC COOH
Lol =

1,8-Naphthalic anhydride

25

Acenaphthylene
Naphthalene dioxygenase

c/'s-Acenaphthene-1,2-diol

Diol dehydrogenase

o }
1,2 Dihydroxyacenaphthylene

Dehydrogenase

Acenaphtho-1,2-quinone

spontaneous reaction

1,8-Naphthalene dicarboxylic acid

2.5 Pseudomonas aeruginosa PAO1

(Selifonov

. 1996)



26

Schocken Gibson (1984) .. 1975 Dean-Raymond
Bartha '
Chapman (1979) Pseudomonas S.
4 2-
(intermediates)
Schocken  Gibson (1984) (cooxidation)
(bipheny)
(acenaphthenequinone)  1.2- Beijerinckia S.
-1,2- Beijerinckia  SP.
B8/36 2.5
Grifoll (1999) Pseudomonas cepacia F297
(acenaphthenone)

(naphthalic anhydride) L, -
Selifonov (19%) Pseudomonas aeruginosa PAOL
PREGY%S nahA

2.5

-1,2-
(s trans-1,2-acenaphthenediol) (naphthalic acid)
1 - (Hopkins 1962)

Trametes

versicolor 2 12- 1,8

(Johannes , 1998)
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L ' PAHS

PAHs
PAHs
(Blumer,
1976) PAHs (Means , 1980)
PAHs
(Sims  Overcash, 1983) PAHs
2. PAHs
PAHs PAHS
(leaching)
(Sims , 1990)
Park (1990) PAHS
PAHs 1+ " 2 3 PAHs
3 PAHs ' ' 2 3
PAHs ' ' 45 6
(Herbes  Schwall, 1978; Tabak , 1981)
Sims (1988) PAHs
2 2 PAHs ' " 3
16 134 PAHs

45 6 200



28

3. PAHS
PAHS ,

31 (acclimatisation) (adaptation)
PAHs
(Bauer ~ Capone, 1985, 1988, Heitkamp  Cerniglia, 1987, Heitkamp :
1987, Thomas , 1989)

PAHS

PAHs

(Wison
Jones, 1993)

3.2
PAHS

PAHS



3.3
(dihydrodiols) (phenals)

(Park 1939)
PAHs

PAHS 2.6

Ot
Arcne Oxide
H /

Phenol
(o]
H
% 8 \ Ot
PAH Eucaryoles: OH
Fungi, Mammals
i

trans-Dihydrodiol \

(02] OH
Procaryoles: H Ring Cleavace
Bactenia o = ——
{

H

|
o
H / Catechol
Dioxethane \
OH
H
oH

cis-Dihydrodiol

2.6 PAHs

29

Acids/
Aldehydes
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34
PAHs 2

4, PAHS

(Lapinskas, 1989; Morgan Watkinson, 1989; Sims, 1990; Sims
, 1990; Song , 1990)

(redox potential)

. (surfactants)
PAHs

PAHS

PAHs
(Guerin Jones, 1988a, 1988b; Arostein
Alexander, 1993; Tiehm, 1994: Jimenez Bartha, 1996; Cuny ,1999; Van
Hamme  Ward, 1999)
(amphiphilic)
(lipophilic portion) (hydrophilic portion)
2.1



L W N
@

(hydrophobic) (hydrophilic)
2.1
(micelle)
2.8
(critical micelle concentration, CMC)
‘1
>
0 _ Oé%%o
2.8 CMC (West
Harwell, 1992)
Cuny (1999) 80 (tween 80)
0.5

Sphingomonas Sp. 2MPIl (DSMZ 11572)

31



32

Arostein -~ Alexander (1993)

(Novel I 1412-56) 10
Lima
100
Fu  Alexander (1995) X-100 (triton X-100)
810-60 (alfonic 810-60) 15-S-9 (tergitol 15-S-9)
CMC 2244688

(2,2,4,4,6,8,8-heptamethylnonane)

Tiehm (1994)
(sodium dodecyl sulphate) PAHs
PAHS
cMC
Mycobacterium sp. (Jimenez  Bartha, 1996)
PAHs
PAHs
PAHS [ ]
[ [ ]
(Cerniglia, 1992)
( eissenfels , 1990)
PAHs (cometabolism)
Juhasz (1997)
PAHS [ ]

PAHS



Tongpim

dihydrodiol)

Pickard (1999)
Mycobacterium

Sl

91 -

1

3

(phenanthrene  trans-9,10-

PAHS
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