2.1

(polycyclic - aromatic
hydrocarbons; PAHs)

PAHS
(
 2544) PAHs
( . 2541) PAHs

(The .. Environmental Protection Agency; US.EPA) PAHs 16
naphthalene acenaphthylene accnaphthenc fluorine
phenanthrenc anthracene fluoranthene pyrene

.

benzotmkmhreeene chrysene benarfolflwoninthcne  benfofkVfluorantlighe

benzola)pyrene  dibenzolahanthracene  benzo(gh.idperylene  indenot .2 1¥cti)pyreo(e

21 PAHs 16 US. EPA
- .. Department of Health and Human Services, 1995



(naphthalene) (acenaphthene)
(acenaphthylene) (phenanthrene) (anthracene) (fluorene)
(fluoranthene) (pyrene) (Crysene) [ ] (benzo[ajan

thracene) [ ] (henzo[b]fluoranthene) [ ] (benzo[a]pyrene)

[ ] (benzo[g,hi]perylene) [12, - ] (indeno[1,2,3-
cd]pyrene) [, ] (dibenz[a,h]amthracene)

211

PAHS 2
(linear) (angular) (cluster)
660
2.1 PAHs
PAHS
(Cemigia, 1992) log Kow
PAHSs
21 PAHs 16
DAHS Molecular Melting Boilling Water Log K w
weight (g/mol) point point (°C)  solubility (mg/L)

naphthalene 128.16 80.2 217.9 30 3.30
acenaphthylene 152.20 92-93 265-275 3.93 3.70
acenaphthene 15421 95 96.2 3.42 4.00
fluorine 166.22 116-117 295 1.69 4.18
phenanthrene 178.24 100 340 1.00 4.46
anthracene 178.24 218 342 4.50x1 02 4.45
fluoranthrene 202.26 1 375 2.06x101 4.48

benzo(a)anthracene 228.30 158-159 400 5.70x103 5.60
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PAHs
chrysene
benzo(b)fluoranthene
benzo(k)fluoranthene
benzo(a)pyrene
Dibenzo(a,h)anthracene
benzo(g,h,i)perylene

indeno(1,2,3-cd)pyrene

Molecular

weight (g/mol)
228.3
252.32
252.32
252.32
278.36
216.34

276.34

PAHS16 ()
Melting Boilling

point point (° C)
255-256 448

168.3

215.7 480
179-179.3 310-312

262

273 550

163.6 530

Water
solubility (mg/L)  LogKw

1.80x103 5.61
1.40x1 02 6.06
4.30x10°3 6.06
3.80x103 6.06
5.00x104 6.8
2.6x104 6.51
5.3X10'4 6.5

.. Department of Health and Human Services, 1995; Chaipuriwong, 2001; LaGrega

, 2001

2.12

PAHs

1000

1998)

PAHS
LD3)
LD9354 - 710
PAHS

714 - 21422
70 (USEPA,



(photosensitivity)

12002
100
4 <19

(Iwata , 1981)

PAHs
[ ]

(carcinogens)
Jones, 1993)

(Wilson
PAHSs
PAHS

30

(photosensitivity)
(mutagenicity)
(Samanta
(red-winged blackbird) LDD
PAHs 9
9
, 2544)
0.0125
(melanocyte)
[ ]
(mutagen)
PAHSs
(2546)
12 5



2.13 PAHS
PAHs
PAHs
PAHs
Maliszewska-Kordyhach (1999)
PAHs
Inputs
Combustion 7
- nature
......... 7.4
- anthrogenic particulates "
Y
Volatilization P xvyAIR
- Soil
- Vegetation transport
- other surfaces
2.2 PAHs
- Maliszewska-Kordybach (1999)
PAHSs
PAHs
PAHSs
5

(Van Jaarsveld

PAHS
PAHS
PAHS

(Vazques-Duhalt, 1989)

2.2

Outputs
» Depositions
- dry gaseous
- dry
- Wet

Il [> Photodecomposition
D> Long-range

»

(precipitation)
2-3

1997)  PAHs



1

4

(Subramanyam , 1994)
PAHS
(WHO, 1998)
PAHS
PAHS
(Bakker :
2000)
Fernandez-
Martinez (2000) 28
3
PAHS 1996
28 (aromatic compound) 90
(aliphatic) (chlorinated hydrocarbon) 5
(chlorinated compound) detection limit
(tetrachloroethylene) (dichlorobenzene)
PAHs
PAHSs
7.10-83.04 PAHs
PAHSs 6.70
(Ruchirawat , 2005) Norramit (2005)
PAHs 16
10 PAHSs
( 4 ) 917 PAHSs
PAHs (

23 )714 PAHS ]



PAHS

2.2 PAHSs

gaseous deposition)
(wet deposition)

1999) PAHs

23

(cry
(dry particle-bound deposition)

( Yauf  McLachlan, 1994; Bohme

Step 1: transport through turbulent air zone
turbulent air
zone

- s B S

boundary layer

. ——————— -

laminar air { Step 2: diffusion through laminsr air houndary layer

%

e\ g

leaf surface

®~w

Step 3; interaction with leaf surface

2.3 PAHs
: Bakker (2000)

PAHS

PAHS turbulent air zone
PAHs

(eddy)

3
|aminar air boundary

0.1
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|laminar boundary (Brownian)
37
(cuticle) ! (assive diffusion) ~ PAHs
24
epicuticular 10
2 (amorphous) (crystalline)

2

<—— EptotjoiUrwnx
mﬁ «— lamilfae cvtinand
cutide < (cutkie proper)
= QD 2 e cUtintadwell
2 Co%——=———— embedded wax
4—— pectin layer

24
 Bakker (2000)
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PAHs
1. Ka(octanol-air partition coefficient) Ka
Ka
(BOhm
, 1999)
2.
McLachhan (1995)
Ka Koa
PAHS
3
PAHs
(kinetics) '
Plantago 0.03 1
30
(yarrow)
monoterpenes
Plantago major  |INEAr alkanes  triterpene acid  Lactuca sativa  lONG chain alcohol
alkanes
PCBs
PAHs
turbulence

Plantago 3 PAHs



(Bakker , 2000)
PAHs
(pathway)
PAHS PAHs
PAHs
PAHs
PAHs
PAHS
(Bacci , 1990) PAHs
(Khun , 1998)
strong lipophilic PAHSs
(uUptake)
(Wild , 2004)
PAHs Krauss
(2005) PAHS PAHs 21
35
1000
PAHs
PAHs
60 PAHs ' o
PAHs 44
(Simonich ~ Hites, 19%4) PAHS

(Bakker , 2000) Simonich
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Hites (1994); Nakajima (1995) PAHs Acer
saccarum (SUJAr MAPIE) pinus strobes (Wte PiNg treeS)  rnododendron oomuraski (aZaled
|eaves) Hwang (2003) PAHs
PAHSs
31-563
PAHs
PAHs
PAHs
PAHs 3 6303
PAHS
PAHs Bakker (2000)
Plantago PAHS 00,8 2
Plantago 4
PAHS
PAHs
PAHS
Plantago
aerodymic
Pathirana (1993)
PAHS 1
6 PAHs
43 PAHs PAHs
PAHs
Librando (2002) PAHs
3 PAHS
( x>0.85 )
Nakajima (1995) azalea
PAHS [ ]

PAHS
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PAHs
PAHs
2.3 (phyllosphere bacteria)
(Moris ~ Kinkel,
2002) 500 6.4 X 108
105
1959 CfOSSG Pseudomonas syringae pathovar
mors-prunorum ]..3 Xl%CFI M
Hirano (1982) lognormal distribution
, Ishimaru (1991)
Weibull distribution Limpert (2001)
Kolmogorov-Smimov: (K-S) Akaike information
criterion (AIC) lognormal, gamma ~ Weibull distribution
lognormal distribution (Yadav , 2004)
(epidermal cell)
(Mechaber , 1996)

(Knoll  Schreiber,
1998; Knoll - Schreiber, 2000; Mechaber , 1996)
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hydrophobicity Bettie (2002)

(Oak, Quercus )

Q. coccifera 444 (28 X104) |Og CFU
(Yadav ,2004) @ itex 3.13 X1 CFU (Perissol
) 1993) Q. virginiana Q. macrocarpa Q. rubru 57 (50 X 10 ), 38‘64 (63 X 10 -
25 «106) 3847 (63« 103 50 104) log CFU (Lmdow - 1978)
2.2
2.2
Arbutus uedo L. evergreen sclerophyllous 1.3 x 104CFU
species
Pistacia lentiscus L. evergreen sclerophyllous 5.1 x 104CFU
species
Myrtus communis L. evergreen sclerophyllous 9.3 x 103CFU
species
Lavandula stoechas L. drought semideciduous species 1.3 x 104CFU
Cistus incanus L. drought semideciduous species 1.7 x 104 CFU
Calamintha nepeta (L.) nonwoody pemnial species 1.3 x 105CFU
Savi
Melissa officinalis L. nonwoody pemnial species 13 x 105CFU
Olea europaea L. corotina  subtropical evergreen species 0.17-3.4 x 105CFU
Mediterranean aromatic aromatic species 2.5 x 102- 2.5 x 105CFU

plants

* Yadav - 2004: Ercolani, 1991: Karamanoli 12000
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(Lindow  Brandi, 2003)

(substomatal chamber) (Mercier  Lindow, 2000; Wilson ,
1999)
(abaxial epidermis) (Yadav , 2005)

(glandular trichome)
(Wilson ~ Lindow, 1994)
Yadav (2005) (glandular trichome)
(nonglandular  trichome)
Krimm (2005) (abaxial epidermis)
(adaxial epidermis)

(ultraviolet)

(igment)
Sundin - Jacobs (1999)
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Lindow  Brandi (2003)

(gram-negative)

, Yang
(2001) culture-independent
conventional culture-based 16 SRNA
Thompson (1993)
1236 (Sugarbeet)
18 31 12
Ercolani (1991)
24 PAHS
PAHs
241
(sorption) (absorbent) (active carbon) (aluminium
oxidation) (silics gel) (zeolite)
Mastal (2002) PAHS

PAHS



Ldigel I'fA

L0 1
granular activated carbons (GACs) Chiang (2000) fluidized-bed
GACs BTEX  PAHSs 150-250
GACs
100
GACs
GACs
(Yue  Mangun, 2000)
(activated carbon fibers: ACFs) GACs
Liu (2006) ACFs PAHS 16
PAHs  ACFs 300
PAHSs
242
PAHs PAHSs
(photochemical - oxidation)
PAHS
PAHS ! ! 300-220
Kaes 1989 Jongconn Yunesmy T
(Reyes , 1998; Warmer , 2004)
(Melcher ,2002) PAHS
PAHSs PAHSs
(soot particles)
( Kamens , 1989) PAHS
(evaporation)M
(NOY SO TN )

(smog) Lindskkog (1985)
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PAHSs
PAHS
(HCY
(0) PAHSs

PAHS

(Dua , 2002) PAHSs

denitrifying bacteria
Pseudomonas  Vibrio (Rockne Strand, 2001)
PAHSs

PAHs
(aerobichiodegradation)

PAHs ‘ 1 (dioxygenase)
25
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on lﬁp'g-unr oo™

~ ‘{:“ "'
YU we on
i W
“d’,«ﬁ Arons Oxide i Irarv»-& "yt>0aio |
S e+
DS S .
; L) " Nap®
H;z‘r:mfn .‘b" @;gn ?T‘l-y‘dro "msse
Moo NADH«H* *
c*s-DV>vdrod'O* CaitcM
25 PAHS
: Cemiglia, 1992
2
(cij-dihydrodiol) (dihydroxy) PAHS
(intermediate) (catecol)
(protocatichuic acid) (gentisic acid) (Wilson -~ Jones, 1993)
PAHs 2 PAHs
(cometabolism) PAHs PAHS
PAH
4 4
(Kanaly  Harayama, 2000; Wilson ~ Jones, 1993)
PAHS
(bay) K-region 26

[ ] [ ]
(Samanta , 1999)
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vill (phenanthrene) PAHSs
3 (angular arrangement)
21 € 1H1w 178.24 1025
100 340
1179 (5 ) 1 (1183 )
( 1 26 )
(LaGrega ,2001)

Arthrobacter sulphureus RK\M, Acidovorax delafieldii P4'1, Brevibacterium Sp Hl_4
Pseudomonas Sp DLC'P].]., Microbacterium Sp PYR']., Alteromonas Sp Aromans Sp,
Alcaligenes faecalis, A. denitrificans, Arthrobacter polychromogenes, Beijerinckia Sp,

Micrococcus Sp, Mycobacterium Sp, Vibrio Sp, Pseudomonas putida, P. paucimobilis,

Rhodococcus )., Nocardia )., Flavobacterium 3., Bacillus 3, streptomyces J).,.
1 (Samanta , 1999; Zaidi ,
2003; Moody , 2001)
34 (3 4-dihydroxyphenanthrene)
(meto-Clevage) 1- 2
(I-hydroxy-2-naphthoic acid)
0- (o-phthalic acid)
(Pyruvic acid) (Kreb’s cycle)
26 (Ghosh ~ Mishra, 1983; Houghton ~ Shanley, 1994; Kiyohara ~ Nagao, 1978; Kiyohara
, 1976) 1- -2-
12- (1,2-dihydroxynaphthalene)
(salicylic acid) 2.6 (Evan , 1965; Gibson

Subramanian, 1984)
(Houghton ~ Shanley, 1994)



25

; 1
OOONn COOH
. O0on -~ Ot
.L‘V'
o Phthalic acid "“ﬂiﬁ""’

A e
-

o1
Avclyd { »-A
2.6
: Samanta (1999)
25 !
(Sandhu
, 2007)
(hioremediation)
(xenobiotics"
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(Jam , 2005)
Darington (2001) biofilter
ppb
0.2
Orwell (2004)
(volatile orgamc compounds: VOCs)
12-21 ppm
biofilter reactors VOCs
(2547) PAHs
Kempeneer (2004)
Pseudomonasputida TVA8 Azalea indica
75 27
Sandhu (2007)
' Pseudomonas Sp
1‘0' ]. Pseudomonas
5. -14(M02

(mineralization)
green ash



(ixora Sp.)
(Waight, 2005)

(natural attenuation)

35 X10* 19 xio 7CF "
9.7 x 106 CALKil

PAHS
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