2.1
Polycyclic Aromatic Hydrocarbons (PAHS)
(aromatic ring) 2 (fused)
2 2 5 6
PAHs
35
(derivative) PAHS PAHs
(Bj())resth Becher, 1986) PAHs
(Cemiglia, 1992)
2.2
221
PAHs 2 PAHSs
kata-annellated peri-condensed kata-annellated C
2 anthracene (1) peri-condensed C
3 pyrene  (2)
Annellation (anthracene, 1) (phenanthrene,3)
2.1

000 @@ o

1 2 3

2.1 PAHs kata-annellated peri-condensed



PAHs 2.1
Isomer (N)
2.1 PAHs kata-annellated peri-condensed
N 1
N Kata-annellated PAHs  Peri-condensed PAHs I
1 1 0 1
2 1 0 1
3 2 1 3
4 5 2 1
5 12 10 22
6 31 45 82
1 123 210 333
8 446 1002 1448
Zander, 1983
222
7 electron
C T electron
(Zander, 1983)
PAHs
2.2 PAHs



2.2

PAHS

gas Insead

¥932UV IUPAC

v
minTuana

yAnasunai’c)

yaden(’ C)

Dibenz[a,i]anthracene
1,2:6,7-Dibenzanthracene
1,2-Benzonaphacene
Isopentaphene
Dibenz[a,iJanthracene
1,2;6,7-Dibenzanthracene
Q,0L-Dibenzonathracene
Dinaphthanthracene
Benzo[b]chrysene
1,2:6,7-Dibenzophenanthrene
3,4-Benzotetraphene
Naphtho-2',1":1,2-anthracene
Picene
Dibenzo[CL,i]phenanthrene
3,4-Benzochrysene
1,2:7,8-Dibenzophenanthrene
Benzo[ghilperylene
1,12-Benzoperylene

Anthanthrene
Dibenzo[def,mno)chrysene

Coronene

Hexabenzobenzene

Dibenzo[a,e]pyrene

Benz[a]anthracene
1,2-Benzanthracene
Tetraphene
2,3-Benzophenanthrene
Naphthanthracene

Triphenylene
9,10-Benzophenanthrene

Isochysene

278.36

278.36

278.36

278.36

276.34

276.34

302.38

22830

228.30

264

197

294

278

264

439

233

167

519

525

435

425
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IUPAC

Chrysene
1,2-Benzophenanthrene
Benzo[a]phenanthrene
Bezo[b]fluoranthene

2.3- Benzofluoranthene
3.4- Benzofluoranthene
Benz[e]acephenanthrylene
Benzo[j]fluoranthene

7.8- Benzofluoranthene
10.11-Benzofluoranthene

Benzo[k]fluoranthene

8.9- Benzofluoranthene
11.12- Bezofluoranthene
Benzo[e]pyrene

4,5-Benzpyrene
1,2-Benzpyrene

Benzo[a]pyrene
1,2-Benzpyrene
3,4-Benzpyrene

Benzo[def]chrysene

Perylene

peri-Dinaphthalene

Indeno[1,2,3-cd]pyrene
3-Phenylenepyrene

Dibenz[a,clanthracene
1,2;3,4-Dibenzanthracene
Naphtho-2',3\:9,10-phenanthrene
Dibenz[a,n]anthracene

1,2:5,6-Dibenzanthracene

Acenaphthylene

228.30

252.32

252.32

252.32

252.32

252.32

252.32

276.34

278.36

278.36

152.21

256

168

165

216

179

178

274

184

206

267

93

PAHSs

448

481

480

480

493

496

270
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PAHs

gas Inseadn Foszuu IUPAC 1f1n17n'[u1af]a yanasumad’c) | yawen’c)
T Acenaphtene 154.21 96 279
i TR Naphthylenecthylene
Fluorene 166.23 117 295
‘\:/_ ‘\; 2,3-Benzindene
Diphenylenemethane
() Phenanthrene 178.34 100 340
‘_‘/ : ! Ol-Diphenylenethylene
P
I\ I Anthracene 178.34 218 342
IO\ L
Fluoranthene 202.26 11 375
v /Ql 1,2-Benzacenaphthene
E' J k. ! Benzo[jk]fluorene
‘ v Benz[a]acenaphthylene
PPN
Pyrene 202.26 156 404
Benzo[def]phenanthrene
Benzo[a]fluorene 216.29 190 413
11H-Benzo[b]fluorene
1,2-Benzofluorene
Chrysofluorene
A Y Benzo[b)fluorene 216.29 209 402
i o N ) 11H-Benzo[b)fluorene
2,3-Benzofluorene
Isonaphthofluorene
Benzo[ghi)fluoranthene 226.28 149 432
Benzo[c]phenanthene 2283 66
‘ 3,4-Benzophenanthrene
L lod

Bj(j)resth and Becher, 1986

2.3 PAHS

PAHS

PAHS




PAHs
1)
PAHs
(Bj(j)resth  Becher, 1986)
PAHs
PAHS
2)
PAHs PAHs
(Baek, 1991,
Ramdahl, 1992)
PAHs Chakraborti (1988) PAHs
Calcutta
benzo[a]pyrene (BaP) ( 120 ng/m3) pPAHS
Cretney (1985) Christchurch
benzo[ghi]perylene coronene 1-210 ng/m3 Buck
(1983) Essen-Vogelheim PAHs
43 ng/m3
3) ()
Clayton (1992) .. 1991
PAHs London
PAHs 43-640  ng/m3 80% phenanthrene  fluorene
fluoranthene:benzo[a]pyrene 1% benz[a]anthracene
PAHs 1-50 ng/m3
84-96 ng/m3 (Buck,1983) 76 ng/m3
(Brasser, 1980) 110 ng/m3 (Benner ,1989)  Colmsjo , 1986b
PAHS Stockholm
4 ng/m3 flouranthene 21 ng/m3 pyrene 11 ng/m3
phenanthrene 8.1 ng/m3 Craeybeckx Highway PAHS
45000 60%

20% (De Fre ,1994).



PAHs
-39% -22%
- 18% - 1%
24 PAHs
24.1 PAHs
PAHS
1-30 ng/m3 Calcutta
PAHs 200 ng/m3
20 ng/m3
1-10 ng/m3(IPCS, 1998)
PAHS
PAHS '
PAHs 6
Jm. 3
benzo[ghi]perylene
( , 2543)
242
PAHs PAHS
PAHs
NO 03 PAHSs (Bj(j)resth
1) oxide N
PAHs
Pitts (1978)
nitro derivatives PAHSs
2) (Photodegradation)
PAHs
Black carbon PAHs
1 1000 Behymer Hites (1988)

NO, N02 02

10

(NRC, 1983)

PAHS

PAHS
PAHS

11

pyrene

Becher, 1986)

S03
BaP perylene
NO02

(fly ash)



PAHS
PAHs
PAHS PAHS
PAHS
( , 2543)

25 PAHS

PAHs

PAHs
(IPCS, 1998)
PAHs
PAHs
)
PAHS
1 PAHs
5 JLlg/day (Menzie, 1992) PAHs
PAHS
PAHs
002-12ng/m3  0.15-193ng/m3 (U.S.DHHS, 1995)
2)
PAHs ( )
4-24ng (U.S.DHHS, 1995)
3)
PAHs
(U.S.DHHS, 1995)
PAHs PAHs
lipoprotein membranes PAHs

adrenal glands

(U.S.DHHS, 1995)



26

26.1
PAHS

IARC (1999)
(

26.2
PAHS

263

PAHS

PAHs
(Carcinogenicity)
PAHs
(. .DHHS, 1995) PAHSs 2
PAHSs
1 2543) 23
(Mutagenicity)
PAHs
cytochrome P-450 (-OH)
epoxide
DNA
(Vo-Dinh, 1989)
PAHs  DNA DNA
DNA
DNA
DNA
(Vo-Dinh, 1989)
/ (Potentiation/antagonism)
PAHSs
PAHs nicotine PAHs
PAHs
PAHSs
PAHs

DNA, RNA



13

PAHS PAHs
PAHs (. .DHHS, 1995)

2.3 PAHs International Agency for Research on Cancer (IARC)
2A Probably carcinogen to humans 3
benz[a]anthracene, benzo[a]pyrene, dibenz[a,h]anthracene
2B Possibly carcinogen to humans 11
benzo[b]fluoranthene, benzo[j]fluoranthene, benzo[k]fluoranthene, dibenzo[ae]pyrene,
dibenzo[a,h]pyrene,  dibenzo[a,ijpyrene, dibenzo[a,l]pyrene, dibenzo[ajlacridine,
dibenzo[a,h]acridine, indenofl,2,3-cd]pyrene, naphtalene
3 Unclassifiable as to carcinogenicity to humans 23
anthracene, benz[a]acridine, benz[c]acridine, benzo[ghi]fluoranthene, benzo[a]fluorene,
benzo[b]fluorene,  benzo[c]fluorene,  benzo[ghi]perylene,  benzo[c]phenanthrene,
benzo[e]pyrene, chrysene, coronene, cyclopentafc,d]pyrene, dibenz[a,clanthracene,
dibenzo[aj]anthracene, dibenzo[ae]fluoranthene, dibenzo[h,r, ,t]pentaphene,
fluoranthene, fluorene, perylene, phenanthrene, pyrene, triphenylene
, 2543
2.1
Chuang (1991) PAHs
2 8
/ ,
(Environmental Tobacco Smoke : ETS)
8 8
PAHs naphthalene PAHs
PAHSs
naphthalene dicerboxylic acid  anhydride, pyrene dicarboxylic acid anhydride 2-
nitrofluoranthene PAHSs
ETS PAHs

PAHS



i

Halsall (1994) PAHSs
London Manchester Cardiff
Stevenage high-volume air samples 25 1
1991 London
PAHs 166 ng/m3  Manchester Stevenage Cardiff
phenanthrene  flourene PAHs ,
PAHs

Chuang (1995) PAHS
PAHs
PAHSs /
8 1992 1993
PAHs 19
16 - 580 ppm (/) 58 - 5500 ppm
0.58 - 1220 ppm  0.63 - 63 ppm

Lee (1995) PAHs
18 12
2 PAHSs
PAHs ( )
8110 ng/m3 8.3 5.3
PAHs 1 15400 fig/ m3
11.6 6.5
PAHSs 7341
mg/1
Miguel (1998) PAHs  Black carbon
San Fransico Caldecott 1996 2

(heavy-duty diesel truck)
(light-duty vehicles)



2.121 -

)

Chan Kwork (2001)

(street canyon)

15

30 £ 2 1440 + 160 /
PAHSs

(open street)

vertical mixing local dilution

Liu (2001)
Hangzhou

PAHS

PAHS

3.897 - 29.852 fj.gim3
1,380 - 20,468 jUgim3

30.678 jUg/m3

PAHS

Chetwittayachan (2001)

2001

(

DPAHs

() 2
1999
1.481 - 20.466 (ig/m3
PAHs
PAHSs
> > >
pPAHS pPAHS
2000 (
2001
2
pPAHS 2
PPAHS
pPAHS
2



24 pPAHSs 4
PPAHS PPAHS
(multiple linear regression model)
PPAHS PPAHS
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