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SOURCE IDENTIFICATION OF PAHs IN
AGRICULTURE AND FORESTRY AREA USING
AMBIENT AIR AND SOIL

Je-Beom Oh

Interdisciplinary Program of Earth Environmental Engineering,

Graduate School, Pukyong National University Busan 608-737, Korea

Abstract

Polycyclic aromatic hydrocarbons (PAHs) are serious and ubiquitous enviro
nmental contaminants. Besides some of PAHs, including Benzo[a]pyrene (Ba
P) and so on, were indicated mutagen and carcinogen, namely Endocrine Dis
-ruptors (EDs) in view of the environmental toxicology

In this study, Ambient air samples, which were sampled in summer and

winter, and 28 soil samples were collected to investigate 16 polycyclic

- vii -



aromatic hydro -carbons (PAHs) including the 6 carcinogenic PAHs in
agriculture and forestry area in 2007. Two emission gas samples from
incinerator which is considered as the only point source in the study area
also were sampled to compare with these samples. These samples were
analyzed by gas chromatography/mass spectrometer (GC/MS).

Total concentrations of PAHs in ambient air were 35.94 ng/Srn3 and
140.99 ng/Sm’ in summer and winter, respectively. Moreover 6 carcinogenic
PAHs concentrations were 7.67 ng/Srn3 and 22.5 ng/SrnB, respectively. Total
concentrations of PAHs in soil samples ranged 68.99 to 6730.95 ng/Srn3 and
concentration of carcinogenic PAHs was 71.26 ng/Srn3 on the average. Total
concentration of PAHs in emission gases were much higher than other
samples with the value 182.99 ng/Srn3 and 547.55 ng/Sm3.

Specific PAHs compound ratio, such as Anthracene/Phenanthrene and
Fluoranthene/(Fluoranthene+Pyrene), Indeno[1,2,3-c,d]pyrene/(Indeno[1,2,3-c,d]
pyrene+Benzo[g.h.i]pyrene) and Fluoranthene/(Fluoranthene+Pyrene) were
used to identify the origin of PAHs contamination in the samples.

This result showed that there is little correlation between emission gas
samples and the other samples. Moreover, PAHs in ambient air and soil were
originated from grass/wood/coal considering as agricultural wastes combustion

from agriculture and forestry area.

key words : PAHs, carcinogenic PAHs, soil, ambient air, agriculture and forestry area
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e} 3152 4 (Polycyclic aromatic hydrocarbons, ©]3} PAHs)= o] g 3}t
EE T oty E AAH I QTS T, 1998; 2001).

PAHsE 5 7] ol4be] Wa% n2s xatela B 4 A4 of

W AT A3 o] Bk
ne (BaA), Benzo(b) fluoranthene (BbF), Benzo(k) fluoranthene (BKF), B
enzo(a) pyrene (BaP), Dibenzo(ah) anthracene (DbA), Indeno(1,2,3-cd)
pyrene (InP) 59 thsle] IARC (International Agency for Research on
Cancer)dll ¢]3f WetAd &4 (Carcinogenic PAHs)® X 1% 11 THIAR
C, 1984; IARC, 1984; TARC, 1985; TARC, 1987).

PAHsE ¢13te HIe AejAle] A4=g, 844 - W 7l Asl, o
3 59 gaA S 7HA 3EE R S A (toxicity), A A =4 A (bioaccumul
ation), 5+ (persistent) 2 & Ae] o] (long rane transfer) 59 &
AS 7HA L A= 3gE2 5 shuolth. &3k aldrin, chlordane, dichloro
diphenyl tricloroethane(DDT), dieldrin, endrin, heptachlor, mirex, toxape
ne, hexachlorobenzene(HCB), polychlorinated dibenzo-p-dioxins(PCDD

s), polychlorinate dibenzofurans(PCDFs), polychlorinated biphenyls(PC
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Table 1. The physical and chemical properties of PAHs
. .. Vapor
Compound Abbreviation Chemical Molepular h%;it;lr;g Bf(’)(l)lilnntg Pressure Structure
Formula | Weight . . (mmHg,
(C) (C) .
25C)
Napthalene Nap Cols | 12816 | 8 | 218 | 7.1x10°
Acenaphthylene AcPy Colls | 15220 | 93 | 275 | 67x10° O‘b
Acenaphthene AcP Cobio | 15421 | 9% | 29 | 22x10° | ¢y
Fluorene Flu CiHo | 16622 | 117 | 2% | 60x10*
Phenanthrene PRA | Gy | 182 | 100 | 30 | 12d0° |
Anthracene AnT CuHo | 17822 | 218 342 | 60x10°
Fluoranthene FluA CeHyo | 202.26 110 393 | 92x10° 018
Pyrene Pyr Citlo | 20226 156 404 | 45x10° “‘?
Benzo(a)anthracene B(a)A CigHpo 228.29 159 435 2.1x10 OO‘O
Chrysene Cir | Cublp | 228290 | 286K |\ 48 | 6410° |
Benzo(b)fluoranthene B(h)F CyoHpp | 25232 168 393 NR. 0'80
Benzo(k)fluoranthene BKF CoHp | 252.32 217 480 | 96x10™ oeog
Benzo(a) B@P ~ | CuHp 125232 | 1770 4% | 56x10° o
enzo(a)pyrene (a soH1o 52. ; 5€ 900
Indeno(1,2,3-cd)pyrene TP CoHu | 2634 | 162 | 84 | NR | /Yoy
Dibenzo(a,h)anthracene DbA CoHuy 278.35 262 535 NR. _OO‘O
. . = 10 0
Benzo(g,h,i)perylene BghiP CxHie 276.34 273 542 | 1.01x10 O?‘?

N.R. : Not reported



2.2 PAHs9 v &4
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ehsla o] di e (500”
A+ 2] ZH(Reactive free radical)2] A Ad ol 2]
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Table 2. Environmental source of PAHs

Primary Source Secondary Source

- Incomplete combustion of Petroleum,
wood, coal, and synthetic chemicals
- Gas manufacturing plants

- Wood treatment plants using creosote ) o
i . ) - Heavy oils containing PAH
- Coal-fired electric generating plants o
. o - Food containing PAH
- Municipal trash incinerators _
. ( cereals, vegetables, fruit,
- Asphalt, coal tar and production plant
) meats, beverages,
- Vehicle exhaust )
_ _ chewing tobacco)
- Coking and aluminum plant

- Cooked food with charcoal-grilling
and charring

- Open burning




3. PAHs9| &3 W A&

3.1 PAHsY &73 W &

H

7] FolA #AN PAHs S38S ol 27) ol4e Wawne s w3
S} PAHs 313t 94 o) BEE A4t Mg 2o 24 44

T 7] F3E e oA Napthalened 100% 7}2=A o=

gekst Eul 2 A S T8 AN PAHse Aol A2AEH=,
I AL Zhel Fuj7F 714 523 PAHse 3

= =
4 Fo29] AF HAHolth, PAHsv =°f dig & =7t

ge afAe
2, 2ol W@ AsEE ohg ok ey R s dRetel 87
Fow v ! YA Qste] 57



(Kow)ztell ZaaA7E gl Ao= 44 vk HolAlsS &3 PAHs
of e 5 HAEL FACdA BEEHA Gk, ol FEY A=A

7F PAHso| W3l Q- oz =& A& A3 (biotransformation)S A

T3 7Y Bee (0% 2T BAE 7HT o T AdE el A
0.19 ppm¥] Osz°l =% Benzo(a)pyrene?] H-7F7]7F oF 40% A o] H (L
ane and Kats, 1977), Benzo(a)pyrene®} Antracenes 2| Ozonlysisell 2|3t
W77l s AdF oz v g ¥bd Benzo(b)fluoranthene¥ Benzo
(k)fluoranthene %1 #o]™ Benzo(e)pyrene@} Pyrene< F3H4d X 3f
F ¥ ). Benzo(a)anthracene®] 7d-%-, Ozonolysiso] 2]k ¥H7H7| = 708 A
Z=ld vlsf Fakstel gk wkzbr|rb 128 A== Gl o3 Wsin

o= 1 #Zgo] v oFslthar g 4= 9lal Napthalene, Phenanthrene, A

—
N}

nthracene®] ¥t77|&= Z+zE 12417F, 8A17F, 3A17F A== X ar Q).

3.3 PAHsY t7] %3

t}. (U.S EPA, 1994)
Table 3 o= 5t 3 ¢] ot} BaP, PCBs s %ol A 7] A o] x4 &}

= HE&S HoF gtk Table 4 A= T3 7| d=4do] ti7]
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Table 3. Contribution of atmospheric deposition to total
loadings of pollutants of concern for selected
waterbodies (U.S.EPA 1994)

Pb(%) benzo((j/il))yrene PCBs (%)
Superior 9% 76789 96
Michigan 9% 58 9%
Huron 9% 63 80
Erie - 20 79
Ontario - 13 72
Mid Atlantic Bight 9% - -

Table 4. Atmospheric loading estimates for selected
pollutants (kg/yr) in the Great Lakes (U.S EPA 1994)

Pollutnat of Concern Superior | Michigan Huron Erie Ontario

PCBs(wet & dry)

1988 550 400 400 180 140

1992 160 110 110 58 42

1994 85 69 180 B 64
PCBs(net gas transfer)

1998 -1900 -5140 =2960 -1100 =708

1994 -1700 -2700 = 420 =440

DDT(wet & dry)

1988 90 64 65 33 206

1992 A 25 25 12 10

1994 17 32 37 46 16
DDT(Net gas transfer)

1988 -681 -480 -49% -213 -162

1994 30 67 - 4 13

Benzo(a)pyrene(Wet & dry)

1988 69 180 180 81 62

1992 120 34 34 39 31

1994 200 250 - 240 120

-11 -
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3.4 PAHs 3§ &9 373 U £3

PAHs® A&3l= B 7HA E£F AR S o83t 54T 4 3l
dutdg o=z F7]4 FZ(aerobic)oll A AE3 T, F3l&S WIS g
o] o wet w43 Hasty, #8714 7 (anaerobic) ol Al &= &3l 71 of
F =g APHrt

PAHsx OH -, NOz -, O3+ ¢} & W1za ghrfzo] EA8h= Eolut
7] FellA Fakst vk o7l FelA OH - bl whgof o gk wkzh

oF 1949l WHRe], NOs -, Oy - 9] whg-e A4 %o £E452 7

-

[r

7]

[
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Ak, 87 T e dAe] 1EA PAHsS] &322 OH - #huZ3te] nkg
S st & Aok F AMAA Wl sl 1ElE 7k PAHse| w2 &
717 el A T2 RS, NO;s - oF whE-3sle] WoldAd E- = 42zl ni
tro-PAHsE A%t} A5 PAHsO| 34kst wh3-2 7| Bty Sl A

2 0% 4¥A dv(Juan et al, 1997; Doug et al., 1997; < 5, 1998).
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4. PAHs9 1A 9314

PAHs= &A1 9 &afw”
AR Ay olFd o3 ARFFVF JHestH, 2 EekAd  PAHs

2 AAY e SR YA B FHE HE FYdTt o

B 7147k A7]el d3%s W=, 53] PAHs ©

pyrene< 2.0 umo|3te] 22 YAY EH FHREH Joern=z ) FATE

H o ZFe AL, Al A 2ol ST AEZA A wE-ett (Migual a

nd Friellander, 1978).

ﬁd
pIe
K
N

o
=)
=2
>
o,
:(!)L_ll
kit
N
N
i
rlo
N
oo

ox

4.1 THA

PAHs= 5434 #4olA ol gyt dhds st

rr

Hnow &
4 Qo™ PAHs % Benzo(a)anthracene (BaA), Benzo(b)f-luoranthen
e(BbF), Benzo(k)fluoranthene(BkF), Benzo(a)pyrene(BaP), Indeno(1,2,3
—-cd)pyrene(InP), dibenzo(ah)anthracene(DbA)% ol t3}¢] IARC(Intern
ational Agency for Research on Caner)°ll | ¢l&] 24 = 4 (2 PAHcare)
2 AAEI JYTH(IARC, 1989). °ol5 5 HeHd e 71 vHlTg Fii A

US EPA9 5+ 574 2592 Group A~E7HA E573ta 9o

[

Group B¥ Bl, B29 Ha5S zZtet 7 7|Fo2 AE god <l
ket = 4 (human carcinogen), B= 28 1 A2 ¢= 4 (probable human
carcinogen), Ct 73 A& 4+E 2 (possible human carcinogen) D+

(e} jﬂ Wolg Az BEg

21 A kel =], 1= E 2 (not classifiable as to human carcin

N

<=

ogen), E¥ ¢1A] ujtelAl &2 (evkdence of non-carcinogen for human)
[e=]
-

TREH Group BZ Bl &8k oA urebA o] A|dty =AZ z2te &
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oW, B2v T A ST 717 = 2224 Al ugt

L3t IARCA| A= USEPAA A Hrt} kA AL&EHAE Aoz da AL
S5 31 J= IARCAAI= o9k % FAFSIEE. Group 12 Q1A EHet&E2

(carcinogenic to humans), Group 2A%E 3 3F <1429} = 2 (probably ca

Rl

rcinogenic to humans), Group 2BE 7Fs3F Q1A ¥etE 2 (Possibly carci
nogenic to humans), Group 3 JALAEAZ F27FE 5 g =2 (not
classifiable as to its human), Group 4% 2 38t# %8 2l A4 (prob
ably not carcinogenic to humans)® T-#3&1 lth. 3+7

%_
¥+ PAHs 3559 IARC #7FZ Table. 5 o YeEWATLT

o
w
N
o
o3)

enzo(a)pyrenedll :=Z% Atghol Al I F-¢ro] WA, 1) F

ax
1o
rlo
rlot

A T 29297 Benzo(a)pyrenedl =% FHoo A ¥, 35,

=93 T & Aol Frkde] Bag v JAE(IAPC, 1972).

cation : B2, IRIS) th3 % k& 49l Benzol(a)pyrene2] HFeHAde ojsh

EZ25 = Table. 63 2t}

Benzo(a)pyrenes PAHs% @507 ofS WAAl7|E= g3 B4
mice, rats, hamsters, guinea, pigs, rabbits, monkeyss 719 BE F&2

oM 7hed BE A2E T ds T, 4 AR v

off

Lo el oF wralo] #&E %t} .(inhalation 9.5 mg/m’; skin 1.7 pg/day; or
al 5.2 mg/kg/day; skin injection 0.062 mg). Benzo(a)pyrene®] 3x % o] ¥
= T ZUIe 959 2, Aol T Fo=z AT A A o]

o 7hAa Aok e =R ®aEa 9k uFoke] A9 rats, r

g

_15_



abbits, guinea pigs52] FE23 oA B2 miced A 71 e

Bl Aog d# A vk (CHEMINFO, 1996 ; U.S. EPA(1994)¢] =}

-

2o W=, hamsterE ©] 83t Benzo(a)pyrened ZEx-ZFo|A 5357
At A &7 ANA R Gl mE FFe Dol AFHQJAL, AT
miceE ©]83 Benzo(a)pyrene?] 20| & FojoA] Fo o] H] g sl
A Arotol BEFE A (IRIS,1994). o] 3 &2 B(a)PL A5k o

3 e e g wEsa 9o x4 PAHsZ thFo#|al gl

Table 5. Classification within carcinogenic for PAHs(IARC)

Group Item
Class 2A Benzo(a)anthracene
. benzo(a)pyrene
(probable human carcinogen) Pitzote harithricene
Benzo(b)fluoranthene
Class 2B Benzo(k)fluoranthene
(possible human carcinogen) Dibenzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Class 3 Chrysene
(unclassifiable as to carcinogenicity to human) Dibenzo(a,h)anthracene

pyrene
Fluoranthene
Benzo(a)pyrene
Benzo(ghi)perylene
2-methyanrancene
Salmonella typhimurium Ta 10037 5=(E#k) perylene

Bebzo(b)chrysene

Co—carcinogenic PAHs

_16_



Table 6. Cancer incidence data for Benzo(a)pyrene

Experimental design Cancer Incidence

Source
Species | Routes | Tumor site Dose Response
20 ppm 1/23
30 0/37
. 40 1/40
Neal a{15167R igdon mice gavage |forestomach 45 4/40
50 23/34
100 19/23
250 66/73
Untreated |3/64(129)66
Brune et al forestomach| 0 mg/kg | /64(102)
1981 ‘ rats gavage | esophagus 6 13/64(112)
laynx 18 26/64(113)

39 14/64(87)

0 mg/m’ 0/27

respiratory P.2 0/27

tract 95 9/26

46.5 13/25

Thtsslegéll et al, hamster| inhalation

0 mg/m’ 0/27

digestion M 0/27

tract 95 7/26
46.5 14/25

- 17 -



42 3454

mlo

benzo(a)pyrene= 0.1%6(1000ppm)& =2 A= =5 A|HS o, AJ&A
7 RaE 3 9th (CHEMINFO, 1996). benzo(a)pyrenes 7+ =
TS 49 micedl A 250 mg/kg, T 3HFF Y B ratsell A 50 mg/kge

LD50gke] <& x]a Qlth.

AdE AE ez 671E3 29l 5 benzola)pyrene 120 mg/kg/day
E T3t A3 3 F9] miceTto] A A 2 =49 7] A 3Haplastic

anemia, pancytopenia)E M. o™ 45¢to] APslglal, vwA] F oA &

o
d5 I5 AAAE ddoz kAFdAE 1% benzola)pyrene§
= MY 71E Agko] = o A&AIZ S H, 4 712 Wol redness, pi
13 SAZE e bz ARl o L) ok E A 8

ek A 2~34Y Sl oAl S E ST (Cotini et al., 1939). ©] Hol=

2 Aol A PAHs7F 3f9 ERd Al&Hgow vid == © A% pi

of

gmentation % ¥ F-¢+ T

e}

mentation¥} & L2717} L Aol Ak (NAS, 1983).

4.4 HotEA T A7 JA

benzo(a)pyrene®] EfRF o= 7o} AWM FALe ogt 79 ratse}

miceol Al B AT o] A5 &Folut FIF Aol dont Ejol=A )
H719g 0] BHREH AT Micedl Al 94l 7~169 7]1ZF 5  benzo(a)pyrene

[

N
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10 mg/kg/day & 727 Folgt Aol A Holo] AFA 2 AA M B
A&7 YEFE o™ (Mackenzie et al, 1981). &= t2 A d A%  benzo
(a)pyrened] 4 Fol= D2 £ rats® micedl A 4 7138

WAl A} (Legavernarend et al., 1984).

ol
o
do

4.5 BA =4

Benzo(a)pyrene?] 4 T+Fo= A 5ASE Yeld 53], micedl A H

A A (Hotg A, &7 A)E Hol=d, 4l 7~16% 7]
Zholl & %S 2e]dte] benzo(a)pyrene (10, 40, 160 mg/kg/day)S A+ F
u}, benzo(a)pyrene 10 mg/keday 2 &9 - vhSAlthe A2

SHI HAHo] oF . F BmE A ZFAE AL, benzola)pyrene 40 mg/kg
/day A &9 ThE A= A dliito] &9 Hde] RiE it (Mack

enzie et al., 1981).

=
ioglew, BaMe et sdmoldel Jge ofdel Table 7 ¥

2t} Jerina 5 (1978) <¢]3} 5471 e AwE vkl 2

¢ E
)
o
1154
rE

o] benzo(a)pyrene, Chrysene, benzo(a)anthracene, Phenanthrene, Dib
enzo(a,h)anthracenes “bay-region” T+2E A FH oA EAHo| YA
= Ued+= 544 SA3S 2 H}qd0aL s

£3], benzo(a)pyrene= & 7}A ©@7] A& o %= DNA binding, DNA

repair, sister chramatid exchange (SCE), chromosomal aberration % ©]
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H %3 ) (Osborn et al., 1987).

Table 7. Mutagenicity of PAHs

PAHs

Mutagenicity

benzo(a)pyrene

- DNA damage reverse and forward mutation
in prokaryotic assays
- Mammalian cell culture assay
- DNA damage, forward multation,
chromosomal effects, cell transformation

benzo(a)anthracene

- Multation IN bacterial and in mammalian cells
- Transformed mammalian cells in culture
—surian hamster embryo cell, mouse
prostate C3HG23 cell
- Forward mutation in chinese hamster cell,
V76 cells, mouse lymphoma L5178Y  cells,
and rat liver epithelial cell

benzo(b)fluoranthene

- Positive results for mutation in Salmonella
typhimurium TA9
+ Negative results in Salmonella typhimurium TA100

benzo(b)fluoranthene

- Reverse mutation in S. typhimurium TA100 and TA9

Dibenzo(ah)anthracene

- DNA damage and mutagenicity in bacteria
- reverse mutation in Salmonella typhimurium strains
TAI100 and TA98
- forward mutation in strain TM677
- DNA damage mutagenicity and cell
tramsformation in mammalian cell

Indeno(1,2,3)pyrene

- Reverse mutation assay in Salmonella
typhimurium TA100 and TA98

benzo(g h,i)perylene

- DNA damage in chinese hamster ovary cells
- Reverse mutation in Salmonella typhimurium

Chrysene

- Chromosomal abnormalities in hamsters and
mouse germ cell
- Bacterial gene mutation and transformed
mammalian cells

_20_



0. 2349

N

T
L

1.1 qAAA e

o

il
B

0

]

—
fite)

!

Hr

o~ =
aTE

}el Hel 2 SOx 55 &

°

P 9(920~950T)e &
A}

' s

=]

2] & (Slurry) e 2

A~

=

2l

I

b1 9

°

Al 40 B/Y R 2EFA

= A

pS|
Fig 20] tbebl vhe} 7ro] o1z

Aa7bs A=

KeX
=

El

5

=K

HA](Dust)2} 44 (Mist) & <
o] ¥4& Fig. 2 o YeEbAT

)
=

J

A
=2

S T Al
-21 -

=
=

1 =502 )

<+ (Distillation), % % (Humidification)
[e)

A A



HCl, SOx ¥F&-A) 7]

d
<

71(~9d)

~2Z2
(SNCR)

F.D FAN

_ Bog R
W M.M e 0| o
5 = @ T g
B S % Mw "ox g
_— = o o R
. P o2 cT T (S = 0o
mm = R g < i . Powowoy
o 8 W 7N w0 " o B
D4 R o o p
mﬁ 5 I D B g Nw w 7 wm
e AR of N N o
wOE T zﬂ
‘m__A e Em 1)r7Aﬁ N
) MO
o ot
ra = N 5 Al g o MY
X (o) = x X ‘Nv_ﬂ
E X B ) i M o}
=T ol 3 o[ -5 ™ o T 0
m. =T < e T OFE g
A 5 X <
. o) I
3 P roeow
ol o n 3 ol o TR
N N+ L e
z 5 5 © o E g
o 4 a = oo T
& = S - L
T e B N gy =
“ & Bt T
<3 (a\ B =

- 22 -



N
fr
iy
—V‘—l‘
X
N
X
)
oftt
oX,
i,
2
X0,
=
ot
I
|o
fr
s
N
fr
P
rlo
o
>
o
o
R
ol

ki
%0
o

Figure 3 . Location of the target incinerator.

3. AEAFH

2 ATE A MiEd Alss o A d7E AFAIAE e w &7t

(flue gas), A
MELe] W&/t~ T PAHs #4118 93 AsAHE sdy] 2 & 4
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W (EEAaekd, 2002)00 et

$471 2§ Asle 7 194 ARRA. EFARAAY AP A

_23_



Figure 4. Sampling sites.
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B AT AMgE 25 WE7t2 5 PAHs AsAFAgH 2 FR e F
=5 Table 8 3 Fig. 5 ol HeEliloH, 25 w&7t~ 5 PAHs A&
AH LS Fig. 6 o e lek

Table 8. Equipment for PAHs sampling

F L T 3
Stack Sampler Apex MC 572 (US.A)
Gas Analyser PG-250A (JAPAN)
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Figure 5. Mimetic diagram of equipment of PAHs sampling.
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Table 9. Equipment for PAHs Ambient sampling

F 3 T 2
High Volume Air Sampler HV-1000F (JAPAN)
Ambient Monitoring HB3289-01 (England)

Figure 7. Ambient PAHs Sampling Point.

33 EF ANERASH

EdNEAAE EFedeAAdY A2 139 AHTY A4 =7
Al whel ZhRxAR 10mE = FA A 93 soR RdA o

g AT, ohe Pl thsl AT,
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D Exelg 2 de)dae] vpof (94 agh, Are] AA| AA AHE-

2) B9 /1%, s v 58 5 Fu4F
3) EFel BH (FE 2AbEe AR EARFRA 52 )

4) A ] Ae= TAYeRRE A, M4, e 4=

EYAE AAAE 2 A" digk AR E Table. 10 o] YEF AT
EFA 22 FH Y] = Fig. 8 o YeEld o] A3 7](Core Sampler)E ©]
g3l o, EXo]g H #Ae] A3 T Foto] Wt FaolA S

2ol Nng AHsAT

D) ARAHE 10m A=) BN G4 SO8 wolgA 2e 3
28 Agsgom, B30 49 59 JBuo] Y& 4
shaih

2) AHH O 547 EFRAe el NBAAE Ak EFO AT
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D

Figure 8. method of soil sampling.
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Table 10. Information of soil samples

ANHAAH 7
No. Eo)x}&H
(IAIAZA) | ol &

1 N-2km =/ A =0kt FARA

2 N-1km = AR 4005 = =

3 N-500m = | dxa gked

4 N-250m = | A

5 ENE-250m | % | 300mA%d ZA=Hdahss o
6 ENE-500m = | 9% = g dg=

7 ENE-1km Ak oRak

8 W-250m IS i e =t

9 W-500m v | 7R AFHAA AERER = S00mAF
10 W-1km | AR AFelA WikFe R 1kmAF
11 W-2km = | ARuEES sahldk

12 E-1km = 25 S HOmA A

13 E-500m = | 27ZA1A E 500mA13

14 E-250m |=2% | 54

15 ESE-250m |Z==2W | sk 71yA SHr

16 ESE-500m vy & 4

17 ESE-1km = | g e=o03 PmA|H

18 ESE-2km = T I

19 ENE-1.8km = ST T

20 S-250m = | H9 =/HMS

21 S-500m =L AT = =

22 S-1km = L ERoA 10mEe]lL A = =
23 S-2km = | EZA 300mEel A4

24 ENE-1.8km = | 227 5m F& J= =

25 NNW-900m | 3t | 258 W 3 5

26 | WNW-1.2km | = | 3] & = %

27 W-1.8km = g d s

o 2y WSW-65km | OBt | oRlom ghE % 4%
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4. PAHs ®Ag 2 7]7] &4

41 PAHs AA4 8 % AA

PAHs®] ¥4& 918 Asel 442 2 Al datel & 51998)
o we Az el LAY

AR WMEA ARE A2 dAgen TRl B 35 a9
thoE haE B AAY ARE 9Ade sgon o)Fe B3
XAD-2 (Supelco, USA), Z12] 3L Diethylene glycol (Kanto chemical, Jap

an)< 7tAxAo 2 BaskgTh

ylene glycol (Kanto chemical, Japan)e] ¢HAMA]l &=

FE 812 Toluene®} Methanol (Ultra residue analysis, J.T. Baker, US

= 7] (Rotary evaporator : EYELAji)ZS
sto] Az HdAe] Fy7F % 10m7F HES w560t o T 1me(2g
wH)E TA3 PAHs w41& fgk A5 2 s

AR 7] Mg S48 FAE o]&ste] Glass fiber filterv= &<l
(Ultra residue analysis, J.T.Baker) 200 mL= 16A]3F ©]4S- Polyuretha
ne foam < o}A|E(Ultra residue analysis, J.T.Baker) 2 & 16A]7F o]
T FEE AlRe WE7E A RS 2ol 10m7t HEE 553t

Atk o] T Im(2g EFHE 38t PAHs 245 A% A= &3t
=



AA DS E9A1717] Yste] A& 1mloll Keeping solvent® A A
n-Nonane(Fluka i) 300 E % 7Fst & A4 712 Toluene¥} Aceto
neol €43 flo] A wizbA ANy 7FAE purge A7 ¥, n-Hexane
(J.T. baker jil, Ztf& ot §)o 2 &ujdst slo], F Al85E Fsto] A
AE A8l

A 8o AA= FA Silica gel(Merck jit, 70~230mesh, Art. 7734)<
600TC <] H71=Z el 2A12E 53k &4 stste] 218 diA Ao He| B
H AL 15ecmx25cm 2l # Columnol S&e] AAle At £ A
= ToluenelZ AA - Axd @XH FFAYHESE lem, 600TCAA 2

A7y &A1 3} St Silica gel bg, 53U EF Iecme] o2 F3 30
A& Atg¥ Cleanup Column Chromatography= Fig. 9 o e}
o A8 Cleanup up 9 &2 Fig. 10 o vehyA

24l & n-Hexane & 2 Al A3 3 A

rie

g

x2
o

Al g9 AA = Silica gelS =3
AE Columnol| A &E ¥al & AZith &% £ Ist fraction> n-
Hexane 6mlE "% 1¥9&9 F50%2 §5351% 1L, 2nd fraction2 10% 2]
Dichloromethane (Yakuy pure chemical, 2% 2418 )/n- Hexane 50

mE &FA71 ¥, 2nd fractions WEo} Rotary evaporator® &3 & 2

272N E 5% 8 5, S 53 50UE B8 A 52 AEs T,
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18 mm

Anhydrous Na, SO,

25 mm Silica gel
(Activated at 600°C 2 hours)

Anhydrous Na, 50,
S Glass wool

4

\

Figure 9. Silica gel clean-up column.

Samples

Soxhlet extraction

| Concentration with evaporators |

| Transfer to n-hexane |

Activated silica gel column chromatography
- Activated silica gel at 600°C for 2 hours
- Elution with n-hexane/DCM (9:1) 50 mL

Concentration and purge of second fraction
- Final concentration volume : 50 pL

GC/MS SIM analysis

Figure 10. Flowchart for PAHs analysis.
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4.2 7171 &4

B odAo= 16% 2 PAHs standards(EPA Method 610)7}F AF&% %1
ow 771 ZIAAazetE Iy /A FEA A(GC/MSD, Shimadzu GC/
MS-QP2010)o] AR&H AT HAAAES] E2lE5 98 AMeE ZAuZE
S HP-5MS Column( 30m x 0.32 mm x 0.25 pm)©]t}.

16% PAHsel tHa GC/MS®] #4 %315 Table. 11 o WERH AT

Table. 11. Analysis conditions of GC/MS

Item Condition
GC/MS Shimadzu GC/MS-QP2010
Column HP-5MS-(30mx0.25mm x0.25£m)
Ion source Temp. 200°C
Injector Temp. 250°C
Carrier Gas He (1.75 mé/min)
Injection mode Splitless
Ionization mode EI mode

GC Program

Initial Temp. 100C (2min)

—8C/min—250 C (3min)—10C/min
—3007C (3min)—10C/min
Final Temp. —350C (5.25min)

Program rate
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m. 2= 2 313

1. PAHs % %2 EX

1.1 2R3EYY WE7t& 5 PAHs 5%

2 A= &7k F PAHs 9] Tk £ £F 5SS A 9
& 719k st 7)) 28] A 1659 PAHS(EPA 610)5 243ttt
sA7Iek sbdTlel AEelA AMAT wE 7k F PAHsO F TR
747} 54755 pg/m® 3} 182.99 pg/m’ Gtk o] F WeHd PAHs®] R
zbz}, 12048 pg/m’ % 0.02 pg/m’ & HA7)7F sbd7lel nl&) AA E
Ao 2 Yedh o) ofel ) Fig. 11 o WehfAch Fd 7)ol 253 ul
2 T & PAHss =& shdzlo] vls) 298 E3tom, =4 PAHs

z
o Agol® & Aols e,

Lo

wolA PAHs % 3Fubel  Benzo(A)pyrened| o3k 7o 2 el
Tl A yebd Aol FASHAl o] f]e] Aol A= 1 3t A Aok

ol 54 stAA A wiEE wMEF7F2: F $4d PAHsT Naphthalene, Ac

rie
rO

enaphthylene¥}Phenanthrene’} & X=o Auj& 2l xt2 yEldtiy X
skt =3k Table 129] YEH Giuseppe 5°] Ha3dk zpgof o)shd H
d H7E AZAIA ] HE T A S Bk PAHs s+ 0.018~

05 pg/m® & B a1 JtH(Giuseppe et al.,. 2007).
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Figure 11. Concentration of carc. PAHs and none-carc.

PAHs in flue gases.

Table 12. total and carcinogenic PAHs in the flue
gases (Giuseppe et al.,. 2007)

Stack flue gas (ug/m’)

Test
Total PAHs PAHs Carc.

1 1.1037 0.018

2 3.4793 0.0459
3 0.9974 0.1398
4 2.2882 0.2702
5 3.4484 0.498.2
6 0.7623 0.0599
7 2.4604 0.1663
8 4.6461 0.0317
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1.2 9i7] ¥ PAHs 5%

2 A7 sEAY dINEE 479 shd7] 23] AA 7] F
16F 2] PAHsE #4183t (EPA 610).

7] % PAHs® & %% 2479 shd7)o 217 140.99 ng/m’sh 3
594 ng/m’% WEtth o] F @ehd PAHsE 225 ng/m’ ¢ 7.67 ng/m’
2 Uelith Adel w2 PAHs® %9 xtol= FA77F a-d 7)o H] &)
39 M7 =2 Aoz yeoen, 9 Aud ME7tAe w5 Fol9)
2e Ao® YEwkal, ol ofd Fig. 12 o YehU

FH 7] S A= Acenaphthene( - 34 7])¢} Acenaphth
vlene(3ld7])& A|93 E  PAHs’F #E%H AT PAHse & w9
gt 7]y & oF& Fig. 13 o vEE AT Zo] Anthrancene > Fluornthe
ne > Pyrene > Chrysene > Benzo(a)anthracene w2 2 7]ojo] o] 3
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Figure 12 Concentration of carc. PAHs and none-carc.

PAHs in ambient air.
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Figure 13. Concentration profiles of 16 PAHs in ambient air.
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soil.



1600

1400 [

1200

1000

800

conc.(n g/g)

600

400

200

=%
<
z

AcPy
AcP
Flu
PhA

Figure 15. Concentration

-
>
A

Chr

[
=
<

FluA
B(2)A
B(b)F
BK)F
B(a)P

profiles of 16 PAHs in soil.

- 42 -

mEYS

DbA
InP

BghiP




Table. 13. PAHs levels of soil samples from references

Location Concentration  Sampling Sample PAHSs of
Reference

(country) (ng/g d.w.) date (N) (N)

Busan 848-10971  2004. 10 17 16 This study
(Korea)

Ulsan 3 5
(Korea) 124-7100 2003. 03 17 16 (2]003)
Deagu a5
(Korea) 83-513 1999. 10 9 16 (2001)

Changwon FARR S
(Korea) 11-835 1999. 9 12 16 (2001)
Seoul a5
(Korea) 15-1219 2000. 05 33 16 (2001)

1997.

Busan 05,06 5 5
(Korea) 50-5930 1998. 24 16 (1998)
05,06

Seine River 1\’/313 Sasf !
basin 450-5650 2000. 11 By 14 (200 4')
(france)

Tarragona Nadal
Country 112-1002 2002. 01 24 16 et
(Spain) al.(2004)

New i

Orleans 7312927 1 Y J i etl\:ﬁlzlf)% i
(USA) .
Beijing Ma
(china) 16-3884 2000. 04 47 X" ot al (2005)
Beijing Tang
(china) 219277825 3 . 16 ot al.(2005)

Hong Kong

Is. et Zhang
(Hong 7-410 2000.10 53 16 al.(2005)
Kong)
Bayreuth Krauss
(Germany) 163-185961 -1 49 20 Al (2003)
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Figure 17. Ratio between carc. PAHs and none—carc. PAHs.
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22 E%o dd PAHs 299 3
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Ma et al., 2005; Zhang et al., 2005; = &, 2007).
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