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Summary

Forty-seven soil samples around six areas (residential area, traffic area,
power plant area, incineration area, factory area and harbor area) where the
stationary and mobile sources of polycyclic aromatic hydrocarbons (PAHs) are
estimated to be emitted in Jeju Island, were collected during February to
March, 2004, and analyzed for 16 PAHs recommended by US EPA as priority
pollutants by a gas chromatograph (GC)-mass selective detector (MSD), to
assess their distribution characteristics, the relationship between total PAHs
(t-PAHs) and soil characteristics (organic matter content, particle size
distribution and pH), and to suggest their possible origins. The results

obtained were summarized as follows:

1. The concentrations of t-PAHs and total carcinogenic PAHs (t-PAHcarc,
sum of benzolalanthracene, benzolblfluoranthene, benzolklfluoranthene, benzo
[alpyrene, indenoll,2,3-cdlpyrene, dibenzolahlanthracene) were in the range of
12.06-260.48 ng/g on a dry weight basis with a mean value of 66.39 ng/g
and in the range of 3.73-117.92 ng/g with a mean value of 2584 ng/g,
respectively, and these concentrations were low in comparison with those in
other areas in domestic and foreign countries. Comapring t-PAHs and
t-PAHcarc concentrations with area, they decreased in the following
sequences: incineration area> traffic area> factory area> power plant area>

residential area> harbor.

2. The relative abundance of t-PAHcarc to t-PAHs were in the range of
30-50% in most soil samples, and high correlations (r°= 0.9107 on an average)
were obtained between them, indicating that t-PAHcarc concentration

increases in proportion with t-PAHs concentration.

_iV_



3. Among 16 PAHs, low molecular weight (LMW) 2-3 ring PAHs were
distributed in very low concentrations except for phenanthrene, whereas those
of high molecular weight (HMW) 4-6 ring PAHs were distributed in relativel
y high concentrations except for dibenzolahlanthracene. Among HMW PAHs,
their distribution decreased in the order of 4-ring PAHs> 5-ring PAHs>
6-ring PAHSs.

4. From the examination of four origin indices, such as, LMW/HMW ratio,
phenanthrene/anthracene ratio, fluoranthene/pyrene ratio and benzolalpyrene/be
nzolghi]-perylene ratio, it can be concluded that the soil PAH contaminations
in Jeju Island were ascribed to a strong pyrolytic origin and pyrolysis of

liquid fuel except for incineration area.

5. No and very low correlations between t-PAHs and each of soil
characteristics (organic matter content, particle size distribution and pH) were
observed, which is considered to be caused by the PAHs loading and diverse

soil characteristics, etc.
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Table 1. Physical and chemical properities of 16 priority PAHs

recommended by US EPA (McElroy et al., 1989)

o apor
Solubility Log Koy
o ol. ) ressure
PAHs Abbreviation at 25T - (Log
a
(ng/L) Koc)
he (mmHg) ©
Naphthalene NA 128.2 2500-3400 1.8x10° 3.37
4.07
Acenaphthylene AC 152.2 3420 10-3x101
(3.40)
4 3.98
Acenaphthene ACE 154.2 6.8x10
(3.66)
4.18
Fluorene FL 166.2 800
(3.86)
45
Anthrancen AN 178.2 59
(4.15)
¥ 4.46
Phenanthrene PH 178.2 435 2.4x10
(4.15)
49
Fluoranthene FLR 202.3 260
(4.58)
. 4.88
Pyrene PY 202.1 133 6.9x10
(4.58)
. 5.63
Benz(a)anthracene BaA 228.3 11 1.1x10 (53)
Ch CH 228.3 1.9 063
n ) .
rysene (5.3)
6.04
Benzo(b)flouranthene BbF 252.3 2.4
(5.74)
Benzo(k)flouranthene BkF 252.3 2.4 6.21
Benzo(a) BaP 252.3 2.4 55x10" 6.6
enzo(a)pyrene a . ) .
by (5.74)
6.58
Indeno(1,2,3-cd)pyrene IP 276.3
(6.20)
) 6.86
Dibenzolahlanthracene DA 278.3 0.4
(6.52)
) 10 6.78
Benzo(ghi)perylene BPE 276.4 0.3 10x10 (620)




Napthalene Phenanthrene Benz[a]anthracene  Benzo[a]pyrene

Acenapthylene  Anthracene Chrysene Dibenz[a,h]anthracene

©

Fluorene Bmu[klﬂmmnm Indeno(1,2,3-cd)pyrene

@:n'-‘

Fig.1. The Structure of 16 priority PAHs recommended by US EPA.
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1982, 1983), ©]& Table 59 YEMY AT
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Table 3. The harmful level of principal PAHs(keith and Walker, 1993)

PAHs Symptoms harmful level

Acenapthene e skin and mucous stimulation

e after eat, mucous respiratory organic ) n X
Anthracene o ' TWA" : 0.2mg/m
e cutaneous cancer, albinism of skin

Benz(a)anthracene e cutaneous cancer, mutation, tumor LDLo” : 10mg/kg

e mucous stimulation, cutaneous cance

e albinism, aemia, erytheme LDs” : 50mg/kg
Benzo(a)pyrene . .
e cruption of skin LDLo : 500mg/kg
e carcinogenict
Benzo(b)fluoranthene 8 v

Benzo(g,h,i)perylene e carcinogenic
Benzo(k)fluoranthene ® papilloma, carcinogenic

e carcinogenic, tumor, mutagenic

Chrysene . .
e stimulation
Fluoranthene ® mutagenic LDs : 200mg/kg
Fluorene LDs : >101mg/kg

e papilloma, carcinogenic
Indeno(1,2,3-cd)pyrene o ; ;
e skin and mucous stimulation

® nausea, headache, hematuria

. . TLV? (TWA)
® high fever, aemia )
:10ppm(50mg/m’)
Naphthalene e cataract, stomachache 5
STEL

e conjunctivitis, icterus, diarrhea
] O . 15ppm(75mg/m’)
cyanosis, giddiness
e cutaneous cance, bronchitis, cough
Phenanthrene dyspnea, bronchitis LDsy : 700mg/kg

e kidney cancer, bronchitis, cutaneous cance
e change the liver, lung etc on the mouse
e Jow in weigh , change the liver
Pyrene . . LDso : 514 mg/kg
e cutaneous cancer in lab experiment

for 1month

Remarks : 1) Time-Weighted Average (A 37+

2) Lowest Published Leathal Dose (Z A 2]A}%F)  3) Lethal Dose 50percent kill (50% ] A} &)

]
op

%)

4) Threshold Limit Valu (4% 3 &% %)

5) Short Term Exposure Limit (&7 =% 3] &5 %)



Table 4. Cancer incidence data for benzo(a)pyrene.

Experomental design

Cancer Incidence

Source Species Routes Tumor site Dose Response
20ppm 1/23
30 0/37
. 40 1/40
Neal and Rigdon
mouse gavage forestomach 45 4/40
(1967)
50 23/34
100 19/23
250 66/73
untreated 3/64
forestomach | omg/kg 6/64
Brune et al.
(1981) rat gavage esophagus 6 13/64
laynx 18 26/64
39 14/64
Omg/kg 0/27
respiratory 2.2 0/27
tract 95 9/26
Thysseen et al. hamst i halati 46,5 13/25
(1981) amster | inhalation One/ke 0/27
digestion 2.2 0/27
tract 95 7/26
46.5 14/25

_14_



Table 5. Classification within carcinogenic for PAHs(IARC, 1982; 1983)

Group Item
Benzo(a)anthracene
Class 2A
Benzo(a)pyrene

(probable human cacinogen)

Dibenzo(a,h)anthracene

Class 2B

(possible human cacinogen)

Benzo(a)fluoranthene
Benzo(k)fluoranthene

Indeno(1,2,3-cd)pyrene

Class 3

(unclassifiable as to cacinogenicity to human)

Acenaphthene
Anthracene
Benzo(e)pyrene
Fluoranthene
Fluorene
Pyrene
Chrysene

Phenanthrene

_15_
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area)< 49 = REH 500m oA dAHAYE Fo AEE ANHAST F EF3
of B4 AEE A& S diAF R W EYS FHoR AqFAsRoH, &
Zh7Ql 7 F-oll v of 9] AT

RE EY AR QFHE PAHs/F 38 EY 9o A 381 J2

N
S
%
[e]

#erstel, B FWolA 0~5 an dolR ®F S AAsgon, AAT Ede
Aol TeflonoZ o] Fo]x HWo| olx WS, PAHsEA
B gk 1 Ege] £71% @ 2 R 49S 9% ARe ne

polyethylene bagell ©olA Ha3stal, &4 A7k W Rt



Table 6. The Location

and Number of sampling sites in soil In JeJu-Island

Area

Location

Number

Residential Area(R)

Jeju-si(R])
Seogwipo-si(RS)
Namjeju-kun(RN)
Bukjeju-kun(RB)

RJ-1,R]J-2

RS-1,RS-2
RN-1,RN-2
RB-1RB-2

Traffic Area(T)

Jeju-si(TJ)
Seogwipo-si(TS)
Namjeju—kun(TN)
Bukjeju-kun(TB)

TJ-1,T]-2

TS-1,TS-2
TN-1,TN-2
TB-1,TB-2

Power plants
Area(P)

Jeju-si(P])
Namjeju-kun(PN)
Bukjeju-kun(PB)

PJ-1,P]-2
PN-1,PN-2
PB-1,PB-2,PB-3 PB4

Incineration Area(I)

Jeju—si])
Seogwipo-si(IS)

1J-11J-21J-31]-4
IS-1,IS-2]15-3,IS5-4

Harbor Area (H)

Jeju-si(H])
Seogwipo-si(HS)
Namjeju-kun(HN)
Bukjeju-kun(HB)

HJ-1
HS-1
HN-1,HN-2
HB-1

Factory Area (F)

Jeju-si(F])
Seogwipo-si(FS)
Bukjeju-kun(FB)

FJ-1F]J-2F]J-3F]J-4, F]-5

FS-1, FS-2, FS-3
FB-1, FB-2
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2. PaHso| B4 U F

ol

1) PAHs® £4

ol

e WR998)E wWeh B Fo) PAHs] BAE sRlev] BAas 37

AA &vFZ(solvent extraction), “dAl(clean—up), =4 (analysis)e] ©AZ

rlo

~3d T AN WA S ARAAAM, RF o

2
-850 59 =Y EHAS AAS]. dx¥ A]EE 20-mm mesh sieveZ
4
Hds @ ARE AR AR 20 g5 Dot A& AEE St ddstd

phthene-djo, perylene-dis, chrysene-diz ; Ehrenstorfer, German) 200 pph/ml{S
Zhettt. olE HAY FEAA G @3 200m A 3hv = A (Fisher, USA, HPLC
grade)S 250 m¢ &<t vfYE Fet~=A9 Y3 boiling chip 1~27] 92 & Azt
F 5~63] &7t AT ¢ AxF S=E B 164§ FESA Y. F
o] B Foe T vgdEZ823E 3 ball snyder columnol] F#3Fe] 60~
0C F&ENM 1-2 w7t H=% sFsta, o5 33 ZA  A1h(Fisher,
USA, HPLC grade)2 A8ttt o] & PAHs®| &4 422 83l

AN 89 HA = Silica-alumina columns ©]§3te] GASHATE WA 1 cmxZ
°] 30 cm® AmvtEIHZE ZARlSHFol FeHdFE 7hetal 450ColA 27 Al

7 dFryg 1 g3 A7k 3 g2 dspriEdeR FRAA Aduz S0 A

713, F¢ FPUEF Jtetal & - 759 AEE /s & A4 15 s &5
AA B2, thA] Hexane:Benzene=1:12 £33t &1 15 W= §EAAH £

-

oS A Ao Rerh o]E 7tEZE7](Turbo Vap” 50002 1 mz F3 g
% GC internal standard(hexamethylbenzene, Aldrich. Co., USA) 100 ppb= 10
WE BTk

A5+ GC(HP 5890 seriesII)-MSD(HP 5972)= o3 Z2 16359

5%

_19_



PAHsE &4 39 omn, GC-MSD #X4x712 Agste] Table 7o YERHATH
naphthalene (NA), acenaphthylene (AC), acenaphtene (ACE), fluorene (FL),
phenanthrene (PH), anthracene (AN), fluoranthene (FLR), pyrene (PY), benzo
[alanthracene (BaA), chrysene (CH), benzol[blfluoranthene (BbF), benzolklfluor
anthene (BKF), benzolalpyrene (BaP), indeno(1,2,3-cd)pyrene (IP), dibenzola,hl]
anthracene (DA), benzolg h,ilperylene (BPE).
AE BHS 54 AZFE JHHE ovhs Addste] HEdse wWRQl
SIM(Selected Ion Monitoring) Mode& ©|-&3t%aL, Al&59 AAH P AF 4L
16% PAHs7} &9 ZF 29 (Supelco, USA)S o] &3] A& 7z} HES o

FE Al7F(Retention time)¥} peak WA S surrogate standard (Naphthalene—ds,

of osir sttt
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Table 7. GC/MSD conditions for PAHs analysis

Instrument

GC(HP 5890)-MSD(HP 9572)

Instrumental Setting
Injection volume
Injection mode
Detector temp.
Injector temp.
Carrier gas

Temperature Program
Initial temp.

Initial time

First rate

Final temp.

Second rate

Final temp.

Third rate

Final temp.

Final time

Column
Material

Length

Int. diameter
Stationary phase
Film thickness

Selected ion monitoring

3l
splitless
300C
300C
He(1.3mL/min)

60T
2min
10°C/min
240°C
1C/min
260C
10C/min
300C
8min

DB-5 MS(J&W Scinc.,USA)

fused capillary
29.99m
0.25mm
DB-5
0.25mm

70eV
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2) A%

B ATl A ARe] A@se Az And PAARE AW A9 4F

g
A o ool How, 3 W

AFS 78 st 75 AdL a2A F
A HHoRE B Algo A AP A GAdA HEIF 4709 surrogate &2 9
3ot} oA A AE ¥E3 A BEAHAAHNA S LAE WA

&o
71 18 Aol Surrogate =29 H 35S naphthalene-ds 57.66%,
acenaphthene dijp2 77.59%, perylene-dio 95.43%, chrysene-diz< 101.70% 2.

2, olx Z4zhe =4 digk A ek daes HeQl 40~120%<2te] E3HH
A QoH(Yim, 1998). 18] v & FA A A dojdt &A= Q13 naphthalene

—dgo] 3|F&o] HlaA wARE 3¢ ARE AR Ay AT g el

T WA oz E A= A9kl NIST SRM 1941aZ o] &3t A=l
W, BX% A= Table 8.9 Q29sle] FasItE HollA Kol X npe} 7ol
7}7+¢] PAHso| tish 3|58 W9 s 80.2-1105%0] 1L, H+ 354 95.1%A

AM
A

~
S

b

ol
It
el

3. =¢ -
B pHE EGIZAANIAYS Bz 4388 Fgstgon, &7 24 24

2 Walkly-Black®} & o]-§3Fe] &4t 18la 9% #42 30% H0.2

NES el F BT AF(H 5, 1985) Wl whel sk
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1. PAHsQ| A|HHEZ Y

1) A19¥ PAHs ¥% F

HN

B Adyes AFEY EY T PAHs? 52433 2%
ekl F 47 AFAA A EFA 2 s US EPA7L XA F Priority
Pollutant’ 16-PAHs (Fig. 1)3g& < 2439t}

A9 Zhzbe] PAHs ¥ % PAHs (t-PAHs) 5% 2 PAHs 3¢5 3 2ot

Jm

A 5e Lolr 7]

4 42 Z 433 6% PAHs (BaA, BbF, BKF, BaP, IP 18] 32 DA)(McElroy
5, 1999) setEel e F= F F(t-PAHcarc)®l &%E Table 90 Azt
of YEHATH

Table 99l He &g Hok o], AL A EIAE F tPAHs ¥
t-PAHcarc® % ®WAEH)E 242 12.06~26048 ng/g dry weight(dw)
(66.39 ng/g dw), 3.73~117.92 ng/g dw(25.84 ng/g)o. & ‘fEbtth 18] A9
WOl FeE vwetd, Hi t-PAHs 5%+ Incineration area (84.13 ng/g
dw)> Traffic area (71.83 ng/g dw)> Factory area (64.15 ng/g dw) >Power
plant area (63.89 ng/g dw) >Residential area(58.39 ng/g dw)> Harbor area
(50.81 ng/g dw) ¢ %2 =& ¥u 2 EIsu 921 Incineration area’} 7%
%<& $%E Harbor area’} 7Hd ©& v FX3a S ¢ F UdNeH,
t-PAHcare &% ol tlair e sl 2AE S

aglar & A A3E I - QoA dAorE B A9 AdEd vluskd, A

FroA HEE PAHs 527t vl Y¥es &+ Avk(Table 10). ¥ ZAF A<
©] t-PAHs[12.6-260.48 ng/g dw(3i66.39 ng/g dw)ls =S =ul E A oA
o] Ao} vjastH, FAA(F, 200002 11-835 ng/g dw(194 ng/g dw), &AHAl
(], 2001)e] 4-2,628 ng/g dw(136 ng/g dw), A&AI(3, 2000) 15-1,221 ng/g
dw(481 ng/g dw)e2 & XA A Hi t-PAHs sk FAA9] oF 34%,

o
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AN oF 49%, A& Ale] oF 14%9] v FERE HYAS & F UG o=
AFZ7F B A EGETFo|Y =AE Ay S5 To] gk (9L of X
whoEoive Qe SR ]l f

5
PAHs 29°] S7F & Aoz o der].

Q_]:]
t-PAHcae 58 247 Uehd 202, ages mold: nish o] Ao
= Ao molid|, ol PAHs 09 a2 /4
o A G Ao ARAT olF 7 AWz Fuuw b 2k

Residential area®] t-PAHs % t-PAHcare =W+ 2474 23.18-130.95

offl

Eiay

ng/g dw, 6.31-60.1 8ng/g dwZ #H(2000)%5°] X3t HHA 2] residential area
t-PAHs ¥ t-PAHcarc® &% 520 1090-77.98 ng/g dw, 4.19-23.36 ng/g
dwith= =4 ves oy, ~¥ <l Tarragona County?l residential areaol] #3l
B3 @ t-PAHZ t-PAHcarc®l 5% 736 ng/g dw, 282 ng/g dwell HlsiA = &
A eHA FEsha Ud5S & F ATh
2 Ayrd RS-l B AFd & =A o
EIutth o= o] AFe] FA - A7 B¥H R o] FolH Y o]F zkwke] H|
WA Be AHor Qg gFo] T Ao Alswch ¥ RJ-1 % RJ-2 9
RS-2 Ao =7k vlwa v yesked, o2 o] AHEc] AR F4
AgelAaL, vt E F=7F 24 vEbd A A FAS Brksel 2y E A
Hol7]o ole] wE JIF Aol® yEhd AR AlmET
Traffic areaol A t-PAHs % t-PAHcare EHY = 247 24.79-219.74 ng/g
dw, 12.33-79.72 ng/g dw °]lom, o]Ex 2(1998)%°] ML FALA] Traffic
areacl A1 9] t-PAHs %% 43¢ 40-5330 ng/g dw3 #(2000)°] A& A] Traffic

Residential areaZs A &4

area ¥ EYS A A3 t-PAHs 149.60-1,029.66 ng/g dw, t-PAHcarc
40.53 -234.64 ng/g dwell ¥]3)] o}F B& Tk FFES Bt old Aol Ao
T 2 AT 2AF Aoe] 919 AP AA D] EAS % ol FAY 5
Fgo] W Aoz AzHET 7 NHE el Ay By, B Ao E v
ol o] B Ade TJ-2 A 7 & w25 JehhAY. g
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a A ez FA47te A= TJ, TS AR EC] =7k a1, TA7FlA Hojd
TBe TNo| A Eo] Fww7t v yeuton, o= EdeA el PAHsY
7F EA FAT7EA AT Bojd R dadteE ow ddd

Harbor areas t-PAHs % t-PAHcarce &% F5°] 815-87.96 g/g dw,
10.26-43.24 ng/g dwo2 & A+ ZAb area ToIA 7 B 3R FES B
g ow, Harbor areald 714 & %%+ HS-1X A, 714 @+ »%7F HB-1
A elth HS-1 A4 4% @30l =v=s FHoA AEE AMFATFoE <l
a, Muboll gl of W of]} g Ao uw} 5
Aol o3k F3F FA=rt & Ao Alndy. aga M vEe sEE U

HB-1# 4l H

o
o
_‘ {
ol
ol
>

o]

4
N,
o
o,
>,
f
=>;1:|“
e
ot
>
-
-
ol
AC)
>
>
2
o
t
ro
o
of

Aol el WE dF % ARe FoR BE So % 9% Fox FAuU)

ng/ g dw, 580-117.92ng/g dwo.2 E AFore & A5 Hg] F% F
=
[e)

Fol mkon, AFEAME 1J-4 Ao &2

H
5
AN
[-‘O
[\N)
[op)
S
S
0¢]
=]

Sy
0Q

[oN
e

)

2o ANEAN, AP F % AFE AL 5Y vk

Factory area®] t-PAHs % t-PAHcarce 555 727t 12.06-157.35 ng/g dw,
373-5353 ng/g dwz FXsta dlew, e AAdS dFoem dAgd A
(200005 2 #(2002) ¢ t-PAHs &% +F 7
1,221.34 ng/g dw ¥ Nadal(2004) 52| t-PAHs %% 356 ng/g dw HU+E M|

A - grokth o= Hlal A} Factory areaol ®]d] ¥ 5 Factory area®]

1.47-835.29 ng/g dw, 274.01-

2 23t Ao g Az F ) Factory area

2 AHRE FJ-53Ho] 7MY %2 F5E FB2XHo] 7M4 v &

=2 Btk a22]a Factory areas WA Moz AUy Agez 77k A
5

-5, FB-1, FS-1¢] %7k 282 2 4 2t



Power plant area?l 4% t-PAHs &% W7l 2387-219.74 ng/g dw,
t-PAHcare 5% ¥ 9+ 10.12-4250 ng/g dwsE YEFHATE o] A o] AHES
A HEE PJ-2RM e w27t 7FY =4 JEgEd ol AEd 549 3

2 A% 99 $4 59 JFor ARH T1¢n AT AME 223
Hs s se] PAHse] %7k wlama wsl tehgisd, ol PAHs 0%
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Table 9. Range and mean concentrations(ng/g dw) of PAHs in soils

with area
Area Residential Traffic Harbor
Range(mean) Range(mean) Range(mean)
NA 1.16-10.00 1.58-9.50 1.30-5.33
(3.53) (3.51) (2.46)
AC n.d-2.68 0.67-1.27 n.d--1.20
(0.80) (0.83) (0.79)
n.d-2.65 n.d-0.55
ACE n.d
(0.53) 0.07)
FL n.d-2.34 n.d-2.85 n.d-2.22
(1.03) (1.19) (0.92)
PH 0.56-6.19 2.24-19.05 2.58-8.90
(4.08) (6.88) (5.75)
AN 0.61-3.02 0.43-1.31 0.63-7.22
(1.27) 0.72) (2.04)
1.36-10.31 1.15-33.33 2.13-5.95
FLR
(4.48) (853) (4.36)
PY 3.13-14.68 0.61-34.59 3.34-5.66
(5.48) (10.46) (4.50)
0.44-9.75 n.d-16.68 0.45-1.78
BaA
(2.47) (3.14) (0.74)
CH 1.53-10.10 2.50-26.39 2.31-7.56
(4.79) (7.29) (4.43)
2.04-11.83 2.91-18.63 3.02-9.79
BbF
(7.51) (6.63) (5.49)
1.20-12.84 0.66-17.65 1.48-12.44
BKkF
(5.80) (4.90) (5.01)
0.92-6.67 1.16-7.94 1.45-8.00
BaP
(3.68) (3.03) (3.13)
P 1.65-12.46 2.34-15.10 3.01-8.83
(5.53) (6.14) (4.76)
DA n.d-3.26 0.39-3.72 0.65-2.40
(1.26) (1.25) (1.17)
1.78-11.41 2.44-17.21 2.90-9.20
BPE
(6.14) (7.26) (5.25)
. 21.16-130.95 24.79-219.74 28.15-87.96
> PAHs"
(58.39) (71.83) (50.81)
b 6.31-60.18 12.33-79.72 10.26-43.24
> PAHCARC
(16.24) (25.09) (20.30)

isum of above 16 PAHs; "sum of six carcinogenic PAHs(BaA, BbF, BkF, BaP, IP and

DA; ‘not detected
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Table 9. To be continued

Area Incineration Factory Power plant
Range(mean) Range(mean) Range(mean)
NA 1.59-4.11 1.11-6.92 0.50-5.07
(3.00) (3.37) (1.92)
AC n.d’-3.86 n.d-2.99 0.47-1.83
(0.86) (0.92) (1.11D)
n.d-2.14 n.d-0.56 n.d-0.62
ACE
(0.49) (0.06) (0.08)
FL 1.02-2.41 n.d-2.95 n.d-1.71
(1.82) (1.25) (0.44)
PH 2.63-20.47 1.40-28.92 2.23-8.05
(6.69) (8.62) (3.73)
AN 0.60-4.99 0.17-1.78 0.14-1.45
(1.58) 0.71) (0.84)
1.75-33.73 1.46-24.48 1.12-16.15
FLR
(7.96) (7.18) (4.70)
PY 1.22-30.06 1.52-18.43 1.20-19.57
(7.43) (8.47) (6.85)
0.35-17.96 n.d-6.90 n.d-10.90
BaA
(3.99) (2.23) (3.17)
CH 1.14-37.17 1.19-14.81 2.43-9.07
(8.35) (5.44) (4.71)
1.87-26.85 1.54-14.54 3.19-16.30
BbF
(18:29) (5.55) (6.22)
0.85-28.79 0.17-15.02 0.58-10.70
BkF
(6.15) (5.09) (3.78)
0.98-16.80 0.79-7.02 1.19-6.86
BaP
(4.07) (2.67) (2.52)
P 1.33-22.11 1.24-16.21 2.51-8.97
(6.84) (5.51) (4.63)
0.41-5.41 n.d-2.61 0.13-2.69
DA
(1.68) (1.13) (1.17)
1.66-5.70 1.57-19.47 2.00-9.11
BPE
(4.93) (5.96) (4.37)
23.27-260.48 12.06-157.35 23.87-219.74
S PAHs"
(84.13) (64.15) (63.89)
S PAHcar 5.80-117.92 3.73-53.53 11.05-42.50
e (40.98) (22.18) (21.50)

isum of above 16 PAHs; "sum of six carcinogenic PAHs(BaA, BbF, BkF, BaP, IP and DA,

‘not detected
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Fig. 3. Concentration of t-PAHs at each sampling site with area.
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Fig. 4. Concentration of total carcinogenic PAHs(t-PAHcarc) at each

sampling site with Area.
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ol A9 t-PAHs® t-PAHcarc® 275 0.86 12]a ©](2001)7F High
A Aol A 9] t-PAHs9ht-PAHcarc®) B85 (%) 0939 Ao} fAre 23
Bola At}

=
offl

o

o

_33_



I.Vmul

OIS DBO JE S[I0S Ul SHYJ-1 0} VO -} Jo oney GBI

IITVUILTHd4IP DV VUV O NI D 0 ————TTNMMILA40DVU0————TNMTMMITA—DD
T T T I T T T PP P P P P PP P PP P P TTI LTINS TT ST
PN =N —=R—=N =N~ BRWR =M= =N =N = BRWRN—=WN = =N =N —=N—= B WN =TT RGN —— N — N —

%0

%0¢

%0¥

%09

%08

%00 |

(% ‘SHYd-1/ % Hyd-1)0lley



t-PAHCARG Conc. (ng/g) t-PAHCARC (ng/g)

t-PAHCARG Conc. (ng/g)

Fig

70
60
50
40
30
20
10

50

40

30

20

60

50

40

30
20

Residential Area

R? = 0.9821

40 80 120 160

t-PAHs Conc.(ng/g)

Harbor Area

RZ = 0.957

50 100
t-PAHs Conc. (ng/g)

Factory Area

50 100 150 200

t-PAHs Conc.

Traffic Area

100
~ 80
2
2
- 60
o
s
S 40
<
3
g 20
L . R? = 0.9829
0 50 100 150 200 250
t-PAHs Conc.(ng/g)
Incineration Area
140
120
cC)
S 100
E
S 80
f=4
8 60
2 40
S
§ 20
bt 0
100 200 300
t-PAHs Conc.(ng/g)
Power plant Area
70
60
3 L °
> 50
=
T 40
2
S 30
? 20
3
L 10 R®> = 0.7389
T
L0

50

100 150 200 250

t-PAHs Conc.(ng/g)

. 6. Relationship between t-PAHs and t-PAHcarc concentrations

with area.

_35_



2) Addd & g43d PAHsY X EA

2 AFdA SAS 16% PAHse FX 5AS dolry] f& 72t A dgd &
g zAPsgith A de wE 7 PAHS Hit $EE Fig. 7o A4
t- PAHs® #H# Fxo sl 2 PAHO Hu F=7t 2AstE vl &S Table
11 YepiSdt). Fig. 7oA Ko A= v} o] tiAZ BE A HoA PHE
Aelg 2-370¢] aelE 7 ARA SFE
3] ACEx A4 382 FoAe 7Hd 9 vk F55 YelAY dE5HA
ekt ey EA PAHs 3F3t&< FL, PY, CH, BbF, IP, BPE, BkF, BaP,
BaA 59 Fxt HlaLA U Aol wEkA = Residential
area?} Incineration area®l ]+ BbF”}, Traffic area®t Power plant areaol] A+
PY 18] 3 Harbor area ¢ Factory areadl A& PHeo] $-A3A YEES & &
AR 53], 2 A4 A T uFel o3 JaFeo] umeH= A Traffic
areaol| A o] X 542 Smith(1996a, 1996b) 52| Pakistan®| Lahore % U.K.2]
Birminghamol| A9 =49 PAHs X XA} A9l A3 AES JehgeE

o2 HAY ol B AF ARl Traffic area’t =4 A A 9] PAHs7} =2
AbEAke] o] ofs 7] FoE WEE iyl IAHA ol EFoR f
JEol vebd A4S & AHsiFa doh

Table 11014 Ho] A= upe} o] BE Ao A= Aozl z47e] PAH

T AREe Wsrb v A yehuA ggken, 84 s Sdola o

sy
a

Sh
5

A~ =
o FE FFo

—

4gs vgtom, &

d
rlo

TR

i

lo

ol EA4% 9 PAHs W&ol &A)3}
A FeoR % Aor Hrt #F £ duia Atm "Avk (H 5, 2003). 18
PAHs® t-PAHsel| digt &5 77 = AuRy) 2-ring PAHs (NA)<]
& W9E 3.00-6.05% (3 4.69%), 3-ring PAHs (AC, ACE, FL, PH, AN)2]

& ALEE 971-1870% (3w 14.21%), 4-ring PAHs (FLR, PY, BaA, CH)9
T Wee 27.73-40.96%(H w 31.45%)%1 3L, 5-ring PAHs (BbF, BKF, BaP)®
& AR 20.27-29.10%(F 1 26.18%), 6-ring PAHs ( IP, DA, BPE)®| #&
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L 1345-22.14%(F + 1950%) 2. 2 4-ring PAHs¢ #-&o°] 7} &1, 2-ring %
3-ring PAHs7} @2 &€& Yehdo weba 2 A5 A o= AEA
PAHs”} t-PAH s%Xo gk 7|t 4SS & 4 9t
Fig. 8ol 4= A= t-PAHs ko] Wid 7z e PAHs 59 W&
et 4-6712] 18E 7Fd PAHs 35E &2 A3 EW Power plant
area (0.721%) > Incineration area (0.706%) > Residential area (0.704%) >
Traffic area (0.689%) > Harbor area (0.657%) > Factory area (0.619%)¢] <=2
2 2-370¢ 28 E 713 A EAF PAHse &8 Factory area (0.190%) >
Harbor area (0.170%) > Traffic area (0.160%) > Residential area (0.150%) >
Incineration area (0.146%) > Power plant area (0.139%)¢] &£o =2 7439t}
et 2 FE FHE vFo] Hol B AT A Ae 1A wiEd B o
s WEdolA A - wiEE PAHs 3= & Aol Al w2 nEA 3}
FEE9 dFo] AA vA= Aer dAdHIL, BE AGHE
BaA, CH, BbF, BKF, BaP, IP, DA, BPE 59 $A3 H&e 2}
A A FFo o3 AAHEHE B2 A FASHA BB E(H, 2002),

ol ZAH areaBolAE AwtH o dAAa 5o o3 JgkS wWo] W gl

fs
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Table 11. Relative abundance(%) of average individual PAH to average

t-PAHs concentration with area

PAH Residential Traffic Harbor Incin. Factory Power.
S Area Area Area Area Area Area
2-Ring Na 6.05 4.89 4.83 3.00 5.25 3.01
3-Ring AC 1.37 1.16 1.56 0.86 1.44 1.74
ACE 0.91 0.10 0.00 0.49 0.09 0.12
FL 1.76 1.66 1.81 1.82 1.95 0.70
PH 6.99 9.57 11.32 6.69 13.43 5.84
AN 2.18 1.00 4.01 1.58 1.11 1.32
4-Ring FLR 7.66 11.87 8.59 7.96 11.20 7.36
PY 9.38 14.56 8.87 7.43 13.20 10.72
BaA 4.23 4.38 1.45 3.99 3.47 4.96
CH 8.21 10.15 8.73 8.35 8.48 7.37
5-Ring BbF 12.87 9.23 10.80 18.29 8.65 9.74
BKF 9.94 6.82 9.85 6.15 7.94 5.92
BaP 6.29 4.22 6.16 4.07 4.16 3.95
6-Ring 1P 9.47 8.55 9.36 6.84 8.59 7.24
DA 2.16 1.74 2.31 1.68 1.75 1.84
BPE 10.51 10.10 10.34 4.93 9.29 6.84
> PAHs 100% 100% 100% 100% 100% 100%
O2Ring N3Ring H4Ring E5Ring O6Ring
100%
—~ 80% |
RN
@
S 60% |
@
el
c
2 40% |
©
2
T 20% |
[}
a
0%
Residential Traffic Harbor Incin. Factory Power

Area

Fig. 8. Relative abundance of each ring group to t-PAHs concentrations

with area
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2. EQ0|A 9 PAHsO 29 J|H

Bl HEHE PAHsY F95HE 29 7198 Lolrr] fsto] WA 7
7ke] 16 & PAHs %3t 434S fAEste] 1 475 Table 120 YERSA
o} o] ZAAE 16% PAHs B4 5 22 wASS /M4 & 155 U9 E4E
of Aol =& As Yo, 3] 4-ring® FLR$ PY, 5-ring?]
BkFe} BaP 1813 6-ring®] DA®} P9 ¥ 0.97(p<0.05)S YERAATE 1
ool = E7F 4~670 2] S3HEQ] A SRHEIR FAAATE e oS
et o, dwtd oz melzt 2-370e e ARa gt uial 3¢

3 _

)

A O e FBAL el 24 nRA sgEe wgde 598
HsAol ¥am, ARA fFEe] WAoot dFd Ao ARAHGuinan

5, 2001; °l, 2001).

BozAF A 9o BEokol el PAHsS 297198 Hsly] slalA o= w3
oA ol gatil e o VY AFE o]&ste] AEStY] 1 ZAI}E Fig. 9-12
4 Table 13°] YeER A

Ao g 2-3709] agE 7R A& PAHsS 4-670¢ g E 7Hd
TRz PAHsY HZ Ay B W (Tablel3, Fig. 9), 2 E AdorE= &= 3}
FEETe 2wl sEe] duHor FHS YER I vk ©]= Boehm

d Farrington(1992)2] PAHs 2% 7]l gt £/ AL7|Hel 23 PAHs
92 3~5719 WA wEE 74Xl sekEo] duHor FHE, fFRA
o3k 719S PAHs 33E F WA g7t 2~378 7Hd A 22 3520 A
W, ZAF A Ho| Ug PAHs 29 719
Fr 299 7beA Hue dx Ve sbeAel 2 Ao® Almndnh
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Table 13. The ratio of LMW/HMW, PH/AN, FLR/PY and B(a)P/BPE

with area
ratio
A LMW/HMW PH/AN FLR/PY B(a)P/BPE
rea
range (mean) range (mean) range (mean) range (mean)
Residential 0.17-0.47 1.74-23.29 0.3-0.84 0.29-0.80
area (0.25) (4.62) (0.68) (0.60)
Traffic 0.10-0.45 1.71-28.55 0.24-1.01 0.18-0.78
area (0.26) (10.73) (0.87) (0.49)
Harbor 0.23-0.59 0.99-12.62 0.55-1.43 0.42-0.87
area (0.33) (6.06) (0.97) (0.54)
Incineration  0.10-0.54 2.55-9.03 0.81-1.10 0.29-2.95
area (0.29) (4.79) (0.97) (0.83)
Factory 0.17-0.57 4.23-31.10 0.48-1.33 0.28-0.69
area (0.32) (15.03) (0.84) (0.47)
Power 0.08-0.35 1.74-25.29 0.30-0.94 0.29-0.80
plant area (0.24) (6.92) (0.68) (0.60)
0.35
0.3
0.25 |
=
S 0.2
<
= 0.15 |
=
- 01t
0.05 |
0 ‘ ‘ ‘ ‘ ‘
Residential Traffic Harbor Incin. Factory Power

Fig. 9. The mean ratio of low molecular weight (LMW)PAHs and high

molecular weight(HMW) PAHSs in soils with area.
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X3t Yang (1992 &
PAHs 299 7]9< o3l Wis o83t PAHs &9 7€ &7+
PH/AN B|7} oF 4o]d g w7]7k2of o3k 719l 50013 o+ #7F 24
o 7ldeow Bty 2elal FLR/PY M7} lo]étolwd 479l 1] 4ol
= H dx 7Y EBE E FEE AT Vde® ERe T

ool A A9 6719 EY¥ T PH/ANZ FLR/PY Bl S A 2 (Table
13, Fig. 10-11), PH/AN? 7 9ol Residential area 1.74-23.29 (H 4.62),
Traffic area 1.71-2855 (3
Incineration area 2.55-9.03 (# ¥ 4.79), Factory area 4.23-31.10 (H 3 15.03),
Power plant area 1.74-2529 (B3 6.92)2 2 eyt Aoz ke W3
7F rgstA vdErsow, o= o5 Al shebEe] WAl o Qg

@ 3F o = (Guinans, 2001; ©], 2001) A5 T

=

10.73), Harbor area 0.99-12.62 (H 6.06),

16
14

JIIlIl

residentialtraffic harbor incin. factory generation

12
10

PH/AN ratio

(=T S

Fig. 10. The mean ratio of PH/AN with area.
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Fig. 11. The mean ratio of FLR/PY with area.

18] FLR/PYH]: Residential area 0.30-0.84 (ZH ¥ 0.68), Traffic area
0.24-1.01 (H+ 0.87), Harbor area 055-1.43 (H¥ 097), Incineration area
0.81-1.10(F ¥ 0.97), Factory area 0.48-1.33 (Hi 0.84), Power plant area
0.30-0.94 (B 0.68)S 2

m2kA] Yang 5 (1991)¢] AlAlst PH/AN 3 FLR/PY H| & 1dsld, & A+

A 9o EFel A PAHsSl o9& Axvlle] $A% Aoz B,

residential traffic harbor incin. factory generation

Fig. 12. The mean ratio of B(a)P/BPE with area.

123l Sawicki(1962)¢] d7tell ofstd, = T BPE= %8 89 o

2ol osfiA AR = FRues olF WA B Axe oM B ol
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A EM, 1 71%ES B@P/BPES] W& =2A, 21 gho] 0.6°]3t7F HH wA AR
AdaBts A A5 dAxd oF oF LAY 9o ¥ Ao B
H Stk Table 13 2 Fig. 1204 vepd whep o] & A+ 23 B(a)P/BPES
HZ X9 o]F WA o3t ggS HE&EE AHHWE, Factory area
0.28-0.69 (Hit 047) > Traffic area 0.18-0.78 (Hi+ 0.49) > Harbor area
0.42-0.87 (H+ 054) > Residential 0.29-0.80 (H+ 0.60) - Power plant area
0.29-0.80 (Hi 0.60)8 oz HAAR dxo 9t 2 AEE YER L

s

o, A Incineration area®t B(a)P/BPES] H|7} 0.29-295 (Hi 0.83)2
AAxe] Axd o3 ol DAY 2do] =2 Ao=E AlRHT

webA E AP G o] Eg Ao PAHsO L HdS AVEHE, 7Y Bt

h
=l

A= ¥ ™ Incineratio
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1967).

EoA PAHs 8tet=e] &3 mA= f7lee] 43S H7iskr] fskd]
B ATl AR dA EdelAe frle #FF B A9E /e FEd
t-PAHs %% 4a##AE Fig. 13 ¥ Fig. 149 YERHRATE Fig. 1314 H
o] A= vheh o] AAEFAA 7718 3 t-PAHsS ¥4 ()L 0.1623
o & olf# A#Ao] glon, Fig. 14014 Ho] A& wie} o] e wE
74 (1)) Incineration area 0.46, Residential area 0.42, Traffic area 0.30,
Power plant area 0.21, Harbor area 0.16, Factory area 0.062Z E% F9 #F7]&
S t-PAHs sk Aol vi¢ 25S BT o= Wilcke 5(1999)]
Bk WsoMqe A3 % Yang 5(1991) 2 Nadal 5(2004)0] H 13k x|

Z]E—r

fd

2
1o
o
©
ofr

At ot 2200005 ¢ Hidt AE Bk FF 4 5 A
Aol A t-PAHs®} 718 3 22 A4S B2ive ddee & 44
ekt 2 Aol A t-PAHsE =9 7129 Aade] v offe EY T
F71%9 PAHs &2-& o] nxx 2 |

e FAHE

_46_



BOJR JIM JUSIUOD J9)jeW JIUBSIO PUB SUONEBIUIDUOD SHYJ-1 Usamiaq diysuone@y el -

|N.V|

(%) 1lueluod Jsliew odluebiQ

o€

Ge

0c

Gl

ol

3L

4 00}

1 0G1

-1 00¢

1 0S¢

0oe

(6/6u)dU0D SHYdJ-1



® o
o o

t-PAHs Conc. (ng/g)
e (=]
o o

N
o o

100

t-PAHs Conc. (ng/g)
S M s O D N ® ©
c o o0& 33 335 o

180
160
140
120
100
80
60
40
20

t-PAHs Conc. (ng/g)

Residential area

*
L 4
'S L 4
L 4
L ¢ L 4
0 10 20 30 40
Organic matter (%)
Harbor
*
¢ .
L 4
L 4
0 5 10 15 20 25
Organic matter (%)
Facfory area
*
L 4
® o
L 2K 2
L 4 L 4
‘ ‘ ‘ L 4
0 10 20 30 40

Organic matter (%)

Fig. 14. Relationship between t-PAHs concentration and organic matter

content with area.
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2) 4= £X9 444

2 AT t-PAHsS d =2 Xt Aade HES] 98 & 5(1985)0] A=
3 B Ad Wy wEl EAEAS AME(Sand), WARSID9F A E(Clay) 2
o] ZAbe] E A3 Residential area®] A9 247 14.2-255%(H 19.7%),
22.6-57.4% (31 43.2%), 24.3-63.2% (B 37.1%), Traffic area®*=11.4-30.4%(
it 20.14%), 31.7-61.2%(Ht 44.3%), 25.2-49.7% (31 35.6%), Harbor area+
12.47-252% (3 v 18.1%), 55.1-71.0% (3 i+ 44.3%), 16.6-27.2% (i 35.6%), Inci
neration areav™ 12.5-29.3%(% v 20.0%), 31.1-57.2%(33 1 40.0%), 30.3-50.0% (4
I 40.2%), Factory areat™ 12.9-287%(H 1 18.3%), 38.7-69.7%(H 1 48.0%),
Power generation areai= 20.9-29.6% (¥ 24.2%), 25.1-54.1%(H 1 43.1%), 20.8
-51.9%(H 1+ 32.7%)%E area = AL H|<=% stFo g HEiEsta Ao

EY Y% #3xo WE t-PAHs %< 4SS Fig. 150 YERAT ALE
(Sand), PIAHSiID S A E (Clay) ko] 44 A4 < 00142 £ dFx9e] =
¥ A= t-PAHs =9 FHAS HolA &S & 4 9o, o= Kim
(2003) 5o AL Al vEhd Aot fFAFH
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3) pHS9 Z#A

2 AFoA frE dF -9 B4 B EY 34 84 F syl pH
oF ZAME 47A H o)A el t-PAHs 3¢HE3te] A#A S Fig. 169 YeEbAG.
oAl & = do], A Aol A 9] pHS t-PAHs 434S r*7} 0.00052 4

AAo] gl Ao g Ego A pH7F PAHsY #¥o] 93 mxx &= Ao
2 yehyow o83 A¥3E Kim 5(2003)e A7+ZA¥e A3k dr).
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Fig. 16. Relationship between t-PAHs concentration and pH in soils.
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AFE= A Ao e] PAHs® o]l%F - A vi&9 9] o] o5+ Incineratio

n area, Traffic area Factory area, Power plant area, Residential area, Harbor

area

S 670 AGe 474NN EFS AF st o]E°] PAHsS &= £X

[

 CPAHs® B9 S43te] 4u4 2 0@ 719 Fastel ey e A

& Ak
L zAbe A A3 A 16€ PAHs7F tifE HE H90er, t-PAHss = 4

2.

3.

t-PAHcarc® % & ZH7b 12.06~260.48 ng/g dry weight(dw)(66.39
ng/g dw), 3.73~117.92 ng/g dw(25.84 ng/g) 1L, ©olE TEES X JEHE N
& Incineration area > Traffic area > Factory area > Power plant
area > Residential area > Harbor area w o2 =2 FE& FX3a U3

7.

RE ZAF A A oA t-PAHcareE t-PAHs X thal 30-50%2] H]
&S AAsE Ao 2AEJL, 72 A9 ot t+-PAHsY t-PAHcarce

o] H® Atole] AAASE)7F HiF 09107 EZA w$ = AFAAS Y
EF ST}
7+

oA o] zAbE A 99 16-PAHs 2¥ & A2 2-3719] ung S
A stgE F PHE At v FFo] 4dd] uekon,
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