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A study of contamination characteristics of

PAHs in soil and gingko at Busan

Kwang-Ok Yun

Department of Earth Science Education, Graduate School of
FEducation,
Pukyong National University
Busan 608--737, Korea

Abstract

Surface soil and gingko were sampled at 17 stations of Busan in
October 2004. Samples were analyzed for the sixteen polycyclic aromatic
hydrocarbons (PAHs) including the six PAHs (IARC probable and
possible  human  carcinogens) using gas  chromatography/mass

spectrometer (GC/MS). The PAHs were detected in all the soil and



gingko samples. Total concentrations of PAHs in soil and gingko ranged
from 848 to 10971 ng/g dry weight, 123 to 745 ng/g dry weight,
respectively. 6 PAHs concentration in soil and gingko sample varied
from 78 to 3016 ng/g dry weight, 0 to 52 ng/g dry weight,
respectievly. These levels in surface soils from studied stations were
higher than earlier data reported from the Korean areas and other
countries.

A weak positive correlation between concentration of 2PAHs and
total organic carbon (TOC) was observed in soils (R*=0.6629).

The correlation between concentrarion of 2PAHs and >PAHcarc
appeared significant (R°=0.6398) in soil, but didn’t appeared significant

(R™=0.0691) in ginko.

Special PAH compound rations, such as Anthracene/Phenanthrene
and Fluoranthene/(Fluoranthene+Pyrene), Indeno(1,2,3- ¢, d)pyrene/(Indeno
[1,2.3 c.dlpyrene+Benzolg h,ilperylene) and Fluroanthene/(Fluoranthene+
Pyrene) were used to identify the origin of PAH contamination in the
studied soi1l and gingko.

The result suggested that the combustion process such as motor vehicle

exhaust was the dominant source of PAHs in Busan.



1. 4wl 4

A FAA 34 FAZ AHe] Hi e IFAdFTILEER
(persistent organic pollutants, POPs)& %4 (toxic), AAF24
(bioaccumulative), #+54  (persistent) % A #lolsA (long Range
Transfer) ¢ &g - 8lstd 5oz QIzHg v %k AyejAlo] A2 =

S A% wells A, kel S B Slslgol B

m

BaE I Q)

il

U} (Govers ct al., 1998; Khim et al, 1999; UNEP, 2001). @A UNEP®l
A} X aldrin, chlordane, dichlorodiphenyl trichloroethane (DDT), dieldrin,
endrin,  heptachlor, mirex, toxapene, IHexachlorobenzene (HCB)
polvechlorinated  dibenzo-para(p) dioxins  (PCDDs),  polychlorinated
dibenzofurans (PCDFs), polychlorinated biphenyls (PCBs)® £ xoF
Jrob vjelm Ao w Aabsz RakE 1258 POPs® A Astal /1o,
sk aEE ek sl 5= 4 (Polyevelic Aromatic Hydrocarbons, PAHs)&= © #]
orol UNEP2| jrAldidEdz A4 7bsAde] 7h4 2 Eold (

EF 5, 2000).

%3], PAHst: 374548 AQ sl A] wlojd At et S =dst=
RAowg  dEd doew, PAHs &  DBenzo(aanthracene (BaA),
Benzo(b)fluoranthene (BbF), Benzo(k)fluoranthene (BkF),
Benzo(a)pyrene (Bal), Dibenzo(ah)anthracene (DbA),
Indeno(1,2.3 cd)pyrene (InP) %o thslel TARC(nternational Agency

for Research on Cancer)oll ©)8] webAl %2 (3 PAHcarc.) 2 A A ¥ 5L

Atk (TARC, 1989).



oje}@t PAHse 22 vi§ ot ZE gastdEe] dadd
o A} vpeRY vk diE A Ao Mgk Aol 22 sAdds
= ap gk b o, bd el e 7hE ARIAA, EF e Aldy
A, mAse} of~TE AxEA, HFHRIAL, e
g, whull A7) o oA danAe] AAHE o, 58] A Ape
w717y 2~ 7F S A Fo] i maw i 9dvh (Beak et al, 19915
Alcock et al, 1996; Brzuzy et al., 1996; Tremolada et al, 1996; Terzi
and Samara, 2000).

ols} o] vheber WAoo R Y] Fo% WEFelx PAHsE 9
At Ao EAsE, QA dRel LR FAT 37

o #59 Bal olFSAL AR 29 Bl oF W54 AA F

T

R

4
A (dry and wet deposition process) Ttz 7b2Ak AE-e] HAS Ea)
Eekolu} Al o ZAECD (Keiichi et al, 19920 Tysklind et al.,
1993; Tremolada et al., 1996).

PAHs, PCDDs/DFs, PCBs¢b (& whgbAd 332 (semi- volatile

organic compounds, SOCs)el 2 &=¢] ol AZiz vl§ gfsin] 1 =

kol A o] A ke Aol ARl A wEE 4 odn wH
W7l Bl EASHE SOCsel 7. w4 Aol els) Agw AHh 5

olt} (Trapp and Matties, 1997).

%9 % PCDDs/DFse] 3% A9s Fa %ol Axuel s A7)

=

o] Fol EAsk: b/ A SOCse] AEael F92 dAd A
of A« 5AHA Brhs spaak Aol Aol Fad dRreha Wil

39t} (Bacei et al., 1990a; Bacci et al, 1990b: Trapp and Matties,
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2.1 PAHs®] £ - 3314 44

PAHst: F7) o4} wakd ne7t AdZ " (fused) thare] Fejo] &
ol

28 Pan, waolele 9

4
—

a2 (polycyclic aromatic compounds, PACs)elgl $tt}. PAHs® =9 -
ety Jae #o7 Add(conjugated) a-Hzp AlzEle] oA F
AR oA ALor E PAHst a4dolr) o] PAHse 3R]

= o -
e wu g,

Y=g o & Ho] 2-a1g]3hgtE el vpEedle] #E A 218 e, 341
2] 33k =l w3407 o)t

5, PAHs: thael Zae] ugo] AASE setoz ohgsiul,
olejgt ek A wlA ezt DR E e A vhepdTh Crejuh wilAl
2]7F A dee dy Aol Bxde] FUHESE e oR =
obAslth. ok BHA F ulEo % (staggered) ¢ A9 ¥t st o=

ok ol %7

i

[ith

1ge sha 9ol WAl Zvh PAHsS) AedshHel ohgA
o welHd 4% ofy] A7)l PAHs® ERel met sejshx oy
ol vha dhEu] BEH Ak A B8 FRARM WEAAIE Bt

PAHs: sgteel E5ol utel a w74 4oz EAsEa 5

kol M wuleis sl Qleh Siage A el ek PE
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T ex, %, BAel dH 5 ol sbA 24l o E:3d

PAHs Z715tel Z7bshd 713 ez E43h7) ool PAHse| A&
S AT A srE Watel sls) AAA Bt oA TIE T2

712 sk e o)k 2 §ake 10 "kPaolstell 4] PAHs®] H-uffo

43 %3k (electrophilic substitution)e]tt d7}F (addition) 5 F @
A

Soz asn, gqi7lAs A3 Al PAHst: #wa 2 Zadtstes, 2
A aabsbE gk o B A ot (radical) o] wESoR EA

162 PAHs standards (EPA Method 610)¢ %2 - 3}st4 A&
Table 1o vERHSICH



Table 1. The phusical and chemical properties of PAHs

(Ming-Yen wey et al., 1998)

. . v
Compound Abbreviation C‘h emical Mole.cular N{folit;lr;g BI(’);li]r?tg Pre?:n)lrre Structure
Formula Weight (T) (T) (mmHg,
I ] L 25T)
Naphthalene Nap Cols 12816 80 218 7.1x107
Acenaphthylene AcPy CroHs 15220 93 o5 67x107
Acenaphthene AP Cole 13421 9% 219 224107
[luorene Flu CiHio 166.22 117 295 6.0x10™
Phenanthrene PhA Gl 17822 100 30 12x10"
Anthracene AnT CuHp 17822 218 342 60x10°
Fluoranthene FluA CisHio 20226 110 393 92x10™
Pyvrene Pyr Callis 20226 156 04 45x10™
Benzotaanthracene Bla)A Cisl 2 228.29 159 4% 212107
Chrvsene Chr CiHp 22829 256 M8 64x10”
Benzo(h) fluoranthene Bb)I CxHio 252.32 168 393 N.R.
Benzo(l)fluoranthene B(kJF Colle 25232 217 480 96x10™"
Benzolapyrene Bla)P Collpp 25232 177 96 56x10™
Indeno(1.2.3-¢.dpyrene InP CoHpp 276.34 162 534 N.R.
Dibenzolahanthracene DbA CoHi 278.35 262 535 N.R.
Benzolg hidperylene BghiP Colls 26 213 542 101x10™"

NR : Not reported.



2.2 PAHs®] A 8|4

221 "4

oo
galel el BHE As) SedEdel wo

-d] giEAS B F A A EA IARC (International Agency on Cancer

ol
it

REs71x= 3§

o
ML

P

Research) AAl 2 US. EPA AA7F Aok (IARC,1984; TARC, 1985;
IARC1987; Tomes plus, 1998-1999). ol5 & 29tAe] FAHC vlFE&

#3190 US EPAS #7& 57h4 1H&

fu
o
=
o
jom
T
o
!
ey
3
2
M
4
_Or(_,

i 9levw Group BE BI, B29l HauS zterh PR O VIELE AT
toly oldl) ®WHFE A (human carcinogen), B 23k QA dtel& 2
(probable human carcinogen), Ciz 7Fg3gb <l1AUSH=Z  (possible
human carcinogen) D= SlAZgEd2 PF3 &+ e =2 (not
classifiable as to human carcinogen), EY <¢la] #pebd  E2
(evidence of non-carcinogen for human)@z %™ Group B% Bl-&

olstel poll A urobAe] ABE FAS 2 BAeld, B2 B %by

7 ¢} L= e
of FRa 27 A BAZA A B EREAG A L A
kgl BAe we

w3k JARCA A US. EPAAA Bl oA ALS =] Aoz A4
253 Qe IARCAIA = ol 9 wig- §AFstth Group 12 QAR SHE
A (carcinogenic to humans), Group 2A% FEd dAUL=A
(probably carcinogenic to humans), Group 2B& 7F53 1AESH=E 4
(Possibly carcinogenic to humans), Group 3 SlA|#dEH=2 E/E
42 9= 24 (not classifiable as to its human), Group 4= &% 3}A]

oo ol zukelAl & (probably not carcinogenic to humans)& i3}

a9k 3 Fo g wiEEle PAHs g@EEC IARC #+45 Table



Benzo(a)pyrened] =¥ AurolA #, Y- &3 G dEAel F7t
ol Harg nk ok (IAPC, 1972).

PAHs % ¥ Zae 2oAds yepgl®  (weight-of-evidence
classification: B2, IRIS), thE4 2% A3 Benzo(a)pyrene®| ¥ ¢Hd el

s 228 Table 33 72t

J
o
ku
k2
o
i
o
>
N
rr
=
=3
2
i
e
b

Benzo(a)pyrene> PAHs & %
mice, rats, hamsters, guinea pigs, rabbits, monkeys 5 ¢ E& &
Agol A Jfed wE ARE Bl e BAAEH, 2 ARER Y

o wioAr oF whAlo]l b Iv} (inhalation 9.5mg/m's skin 1.7ug

/day; oral 5.2mg/ke/day; skin injection 0.062mg). Benzo(a)pyrene®l 4

o] ¥ =y Ay wdel w2 o] F Fojw sty ARl
vabs|u] 7bAbal Aokl wES =2 woaw g ok mEeke] A%

rats, rabbits, guinea pigs 59 FZ A oA HEEM micell M 7+

WzkskA vebubye: Ao deAlar vy (CHEMINFO, 1996). U.S.

EPA (1994)2] #F&ol] w2 hamsterE ©] &3+ Benzola)pyrene?] 3%
wEzol A wF A A st Al e Gk w2 Fge] Aol

wAE) 93, AR miceE o] #3 Benzola)pyrene®| o] F Folol A,
trolakol ul#ato] YA AbRoto]l YA (RIS, 1994). ol g =2
2 ME(a) A AEaY du YRR v wEsa 9lo] i

o] PAH® U}sofz|aL Qlt



Table 2. Classification within carcinogenic for PAHs(IARC)

Group Item
Benzo(a)anthracene
Class 2A
) Benzo(a)pyrene
(probable human carcinogen) .
Dibenzo(a,h)anthracene
Benzo(b)fluoranthene
Class 2B Benzo(k)fluoranthene
(possible human carcinogen) Dibenzo(a,e)pyrene

Indeno(1,2 3-cd)pyrene

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

. . . Fluoranthene
Co-carcinogenic PAHs
Benzol(e)pyrene

Benzo(ghi)pervlene

2-methyanthrancene

Salmonella typhimurium Ta 10070 F#) Perylene
Benzo(b)chrysene

_‘I‘I,



Table 3. Cancer incidence data for Benzo(a)pyrene

Experimental design Cancer Incidence
Source T -
Species| Routes | Tumor site Dose Response
20 ppm 1/23
30 0/ 37
Neal and Rigdon . 10 1/40
1967 mice gavage | forestomach 45 4/ 40
50 23/ 34
100 19/ 23
250 66 / 73
Untreated 3/ 64(129)
forestomach | 0 mg/kg 6 / 64(102)
Brune et al. . i
1081 rats gavage esophagus 6 13 / 64(112)
laynx 18 26 / 64(113)
39 14 / 64( 87)
0 mg/m 0/ 27
respiratory 2.2 0/ 27
tract 95 9/ 26
465 13/ 25
Thysseen et al. . ) — e
hamster | inhalation
1981 ‘ 0 mg/m’ 0/ 27
digestion 2.2 0/ 27
| tract 95 7/26
46,5 14 /25

_12..



222 PAHs® =4 714
PAHsE AA WolA tiArg wf ol B SAyxa Qs A4s

2 Z27EE AL diol epoxide®] ©]A # A7} PAHs A9 dQEdE ¢

i

Hz 9lal, 3] Benzola)pyrene WAFEZ QL 78-diol-9,10 epoxide

PAHs tiAb2d % 7H3

K

= o] 73 Aoz wiy i gtk (Ushar,
1989). PAHs® A4 ulelA B3 (conjugation)o]ltt 23} (oxidation) 2
AAS A B FAe FuAR dAabEe] w, Woes wjd "y
(Falkemd, 1963). L A AR Cytochrom P-4509 ¢/&A (mixed

function oxidation)oll 2]&F 2AF3}Z epoxide &2 arene oxideE A

rf,&‘

vl 2ordal AElel arene oxider 37FA9] vlHow  Zdsh=d]),
Phenol = A 3L A L ]| cpoxide  hydrolase 2Eg 0 g
dihydroxydihydro compound(diols)& 874 sttt vh5-& glutathione-S-

transferase (GSTIE AT F& Liz AAHoZ AA38 dojrt= 71d
¢l glutathion¥2] conjugation®©]t}. ] GST conjugatesi= mercapturic
acid®) FEA AFEARA AR A 1d BAR dgAbEY, ke
phenols®} diolsi= 242 UDP glucuronyl trasferase (UDPGT)ol <2l

glucuronic acid® conjugation® 711}, sulfo-trasferaseell °|3+ sulfation

4134



NAHS A F&4 drArEFE A3 Bt (Dipple, et al, 1984). ©]
7} Aol A 7-hydoxy-methyl benzo(a)anthracene®| surfate ester53 #
o ¥ gylfate conjugate=-S bacterial systemo] A EAWMolef o]
%1 7)1% st} (Watabe et al, 1986). Dihydrodiols®} phenols®] ZE &
71" o2 oxidation®] ©]3F multiple hydroxylated -FA & (tridiols,
tetrols)e] @Aol Aot (Gelboin & Ts's, 1981). olwf ol& & 349
A kAol A ek g AFAIQl “bay-region diol-epoxide”7t FXHEH

A E =], o) BHol AMEU Aol W, RNA, DNA &3 4

[e)

HG

SRS e A E=AT} cultured A e AFE EAMo] FEAA

o
o\
O

S g A) 7)1 A B} (Harvey, 1985; Thakker et al., 1985).

023 HAEA

2o Benzola)pyreneS 1000ppmes T2 A AS ul. A% A 3t7t

Rare 3 vk (CHEMINFO, 1996). 57 el Benzo(a)pyrencg 5o 3

> wl, miceoll A 25.mg/kg, I&HFsEe]l A9 ratsell A 50mg/kge]l LDsy
)AL ok (CHEMINFO, 1996).

=

PAHsol #A7)7F w=Z5w ol7ke] dolo] of3s vzl Aox HI
Hela, 71ovre] AdEEME thE e dES vl Aow B
arslgle (ACGHIL 1991). 2] 7FA19] miced e s 67]€3F 2ol

% Benzola)pyrene 120mg/kg/dave Folgt A3 sk F2] micetto] A

mlm
g
o
)

2 7¢A 9 249 7)% A6 (aplastic anemia, pancytopenia)s
AFobo]| Abwall A, um AR FollAi ojwl Jakl: vy ekekrh

(Rubinson, 1975). 4% u3xAsaE oz 3 AgteAs= 1%

‘147



Benzo(a)pyrene & A8S vl 71& Aglo] gl dHd ALAAES w, 4
MY ol redness, MAH A (pigmentation) ¥ ¥ H-<F wd FA7F o
EfLb7] AlRglon okE FoE Fue A 2~3/4Y el oA 35 H
itk (Cotini et al., 1939). = 9], 2t4AelA AL oz PAHs7F o+
Al B2 357t =E9 7% pigmentation?t 4] 7F delAa ot

(NAS, 1983).

=l

2.25 dop=sAdat #7144

Benzo(a)pyrene®] EjuF deoji= Aol GuiFabel ofgk A9 ratse}
miceoll d RarE 3 g} oju, &Foluf FIF Aole ot EjobEA
3 #5718 Age] wEE AT micedld Al T~169 7 Foll
Benzo(a)pyrene 10mg/kg/dayE 74+ Fost AdolA ejole] AFHA

woag sl o] wba A el LRy 0w (Mackenzie et al., 1981), @& A3

-

I M %= Benzola)pyrenc?] 7Z4FFoli= W Fo] rats® miceol Al fAkE

58 fEbA ) ow HaEi vk (Legavernarend et al,

miceoll Benzo(a)pyrene®] 7 Foidt HAgo)A WA 5 H A B}
e, Bd7Ize) A 7b vhEbdnh 1Al T~16Y V)bl &S el st
o]  Benzo(a)pyrene (10, 40, 160mg/kg/day)s 74+ FAAE o,
Benzo(a)pyrene 10mg/kg/day 282 49 et As=y W
Aedo| ob . B 748 AL, Benzola)pvrene 40mg/kg/day “ &€
oAt Ao didte] Aaqlabeiglel Bars] a9l (Mackenzie et

al., 1981).

415_
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227 EAWol A

Jerina % (1978)°ll 2]st¥,  Benzo(a)pyrene, Benzo(a)anthracene,
Chrysene, Dibenzo(ah)anthracene, Phenanthrene & “bay-region” 1 %£E
Ay EANA Eddcl94E YEllE 544 53& 2 HAidx
skt 53], Benzo(a)pyrene= o2 7pA| w7] A &A% DNA binding,
DNA repair, sister chramatid exchange (SCE), chromosomal aberration
2ol B3 9t (Osbron et al, 1987). 3 E<dweldd s et

Wi Eg odoly Az BEE PAHs ¢ 3§E¢o E2AWEZ Table 4

,16-



Table 4. Mutagenicity of PAHs

Benzo(a)pyrene

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

effects, cell transformation

Benzo(a)anthracene

Benzo(h) fluoranthene

Benzo(k)fluoranthene

Dibenzo(a,h)anthracene

Indeno(1,2,3)pyrene

Benzo(g,h,l)perylenc

Chrysene

- Positive

~ mammalian cell

- Mutation in bacterial and in mammalian cells
- Transformed mammalian cells in culture

- surian hamster embryo cell, mouse prostate C3HGZ3
cell

- Forward mutation in Chinese hamster cell, V76 cells,

mouse lymphoma L5178Y cells, and rat liver epithelial
cell

results  for mutation In  Salmonella

typhimurium TA9
\Iegdtlve resultx in Salmonella typ}nmunum TA100

- Reverse mutation in S. typhimurium TAI00 and T A98

- DNA damage and mutagenicity in bacteria
reverse mutation in Salmonella typhimurium strains
TAL00 and TAYS

- forward mutation in strain TM677

- DNA damage, mutagenicity and cell transformation in

- Reverse mutdtlon assay In Salmonella typhimurium

~ TAI00 and TA9

- DNA damage in ChiHGSC hamster ovary (,CHS

* Reverse mutation in Salmonella typhimurium

(,hrom()somal abnormahtle% in hamsters and mouse

germ cell

- Bacterial gene mutation and transformed mammalian

cells




2.3 PAHs9] W=

19471 Fu AGAAEE 2ela AeAA TRl 2Fshe cedE
of oh§ spere] e fuyEel MuEWA, PAHs 3ol o w4
of mzw 7] AR

PAHs7} 87 S o8 wjEs s 2AY9E Table 59 HEb A

Table 5. Environmental source of PAHs

Primary Source Secondary Source

- Incomplete combustion of Petroleum,
woaod, coal, and synthetic chemicals

- (yas manufacturing plants

- Wood treatment plants using creosote

. . . . - 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
o meats, heverages,
- Vehicle exhaust )
L ) chewing tobacco)
- Coking and aluminum plant
- Cooked food with charcoal-grilling
and charring

- Open burning

PAHs®| 3}3&2 9

Jo
¥
=
~
]
=
E
iod
2
B>
i
B
il
o
i
=
f
iV

v )¢ vl SellM e HEF ot (Wild et al, 1992).

o] e 7] Fold WA} A AFste FH " BEFoR
vtk PAHs #hgHEel d4de A B4, {5 AnZ 2olAx

GHalae] AR E(500~800C) ¥4 % reactive free radical®] A7 of

oja) WapsY BEAOL $EY YAF SFEES A7) fs]

A18,



w2 A AgstA Joh (Badger, 1962).

ol neol A £8 ol gste] AEE & du, FAEc] Be #
4 %) PAHs 3gEe] 245 3 ol9ld, PAHs s=2 294
Egol A Aupe AFE F, T2, AL, HdEN 2dd HEEE HF
 HEEe 84, el odd Hav opAE wEddl A - SRl
X% PAHs 8tg&c] A% 2o, coal targ st A AFF,

AL FE FolAE dE¥a ok (ATSDR, 1990).

K] QLGRS RS B [e] Lo =
of Aol AAE =, B3 o), 23 =N, B3 4B o] wult
A4 Few wE dhgolth PAHsY Bol e SR/t we a5Ho
w, wo) @ Ashct u§ stk el iRy O E ARkl 87
Fow wEgole B7AE, B BE/ e AUFEE At F

o

oA @EACE F71 8ol e PAHse] AFwrl BRo AmE S
23} 2o f7lgolete] BulASE Bl ek RujAsRg A g

oluh mek, AEAe] f7]4%el M@ AsEsl ABE, PAHs: %ol

2

Aol AAsHE AEA P 1Ee) oldl FAd Bus 2L <
ABZe) PAHsS) 548 STE 2RulA5(Kow)st 9ol et
Uhebuh, PAHsS oAb @ 5 gl o
of AbsHEbA} Sli= A0 oelAl Atk wolAbs g B PAHse] AR
% apge A RAEA kb, ol wEel AR

PAHso tfa] Ao r = AL 432 (biotransformation)< AU

_‘94



3197l wiEeluh, PAHsE #Ed], nlAEd] o s 3 asgAde
Aol thara Aol ola) e}, Mo s hgsta g 1EC] S
7] wjEol 7hREels Lol @¥i=th PAHsO AEslis # M £E
ANEHS o) &ste] AT F glow, dnkxer 5714 =3 (acrobic)
o A AR, L& wEFuee] o web F43 gasht, o

271 (anaerovic)ol A= #3817} ol =@t} PAHse OH- , NO
gr O30 8F e mze g zte]l EAjsk: Eolvh tiy] FellA

i

T

714

vl
=

ok
rx
rlo
J(
tr
C:
al

=
oF 109l whwofl NOz- , O3. - o] Wg& HiE
2 ozk=t) 37 F ek 9iAbe] uEak PAHse F3#E OH - ¢hrfzhy
o] Wh&-& ot} & Zolrk FoelM Wl Jhel ielE 7 PAHso| W
So FUdEe A FE BASe NOs - ¢ vkgste] ®HoldA Ed=
ot#]®xl YE&R - PAHsE 443l dF PAHO 4Astir&e g7lnt

ol A 2 w2} (Juan et al, 1997, Doug et al., 1997; %, 1998;
31 %, 2001).
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SAE ZAFSIo] FAbA A o] BG4

el 2.9 HejE zARshY] 9 V1R Aae AAE A
oo Alm AFE 20047 10 AA e, AlE AFH AHE
AR GG FAAGD (R), RFEEFAAD), sdAADLZ T30
W, WEEgANT)S Al wAZ(TDY wad FH FAANTR)S
opRslel & 17 A B 2 AlaE AU & AT
o] Alg ANHA AL Table 63 Figure 19 2+zy vfehideh

Table 6. Classification of sampling site for soil and gingko sample

Groups Sample lable N
Residential area (R) R1~R3 3
Intersection(TT) TI1~TI5 5
Traffic area (T)
Residential(TR) TR1~TR5 5
Industrial area (I) 11~14 4

,2'1_



Residential : Rl - R3

Traffic : T1 - TS

Traffic Residential : TRI - TR3
Industrial : |1-M4

<«8»r @

B0

B8
&

.504p0km
126 00° 128 00° 130 OOE

| Rl
SRS 2 » N m
| S|
@ Okm  20km  4Dkm

Figure 1. Map showing the sampling stations in Busan, Korea. R, TI,

TR and I indicate the characterization of sampling station.
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2. PAHs?] WA+

21 Nz AA= 2 AAEY

Shid

PAHs® #2418 93 Az dAxzg 2 HAUgd tigte & &
(1998)2] W& tAR sto] AAEATH
B AlgyE 72 24 Ao 5 EYS 30x30x6eme] 272 A

=

Astel erEmy sAR AR F, EdgA AL ¥ o
[z ]
A

ol 200 mL (Ultra residue

analysis, JU'T. Baker)® 16417 F&35tt 54

s
=i
ir
oty
e
of\
T
T
o

7} (Rotrary evaporator, Eyela, N-N&)& o] &3}o] °F 10 mL7}#] &3
s9lom, o] & | mLi* PAHs 2410 Abg3FAu)

7F A Al A A FH T 2 AR dFvlE S92 a4 A d

Azxy Au 7 o FEUS 02302cmz 22 60 g& EF st A4

& AlgE ARgstloey, RFHN AEE H4Y FEF FAE ol &5

Lol 600 mL (Ultra residue analysis, J.'T. Baker)& 16A]7F &<F &

gl FEo] #y Al 289l F=alshi: 94 (Chloropyll)

o} go el AS AAE] e felZddvie] W o] EFdlo R
3k

skA] A7 (Merck, 70-230mesh,
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)& Agd we 50~100 g A=E A F AEHsAd. A=
g o] By & EFql 50~100 mL ooz tiAl Wl 8-E3Tt
$Z5 Aa 3 xdE=UE=7] (Rotrary evaporator, Eyvela, N-N&)&

o] w3le] oF 10 mL7HA EZddoem, o] F 1 mLE PAHs 4 A
N AAE g 2AS B egd g n ddoR 10 mL ®

de F Figure 290 @4 A7 29 aznbEoaey] (Activated

silica gel column chromatography:70- 230 mesh, &7, Merck)& &34

—Na;S0+ anhydrous

—Activated alumina 10g
for 24 hours at 600 T

—Na:S04+ anhydrous

~Glass Wool

Figure 2. Activated silica gel column chromatography for PAHs

analysis.
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22 7|71 A= 2 iy

2o Algd 77e JAasstEade/dgEA A (GC/MSD,

_w

Shimadzu GC/MS-QP2010)e)u], 28 & s A1&% 2A#AE e
HP-5MS (30 m x 0.32 mn x 0.25 m)E AF&3FAtt 16% PAHsel] tf gt
GC/MS ¥4 %718 Table 70 YeERR AT

Table 7. Analvtical conditions of GC/MS for PAHs

Item Conditions
GC/MS Shimadzu GC/MS-QP2010
Column HP-5MS (30 m x 0.32 mm x 0.25 um)
lon source temp. 200C
Injector temp. 250C
Carrier gas He (1.75 mL/min)
Injection mode Splitless
[onization mode El mode

100C (2min) — 8C/min — 250°C (3min)
— 10C/min — 300C (3min) — 10C/min
— 350C (5.25min)

G:C oven program
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23 BEgA a9 F/7]194(TOC) 4

2oko]l PAHs 559 FH7¢

=< et 4 (Total organic carbon, TOC)2}2] A+
FHAE dotr ] Y 7t AHY EF AR s TOC 45 3t

g 01~02 g& 48 As=2 3Aod,

Py Qo
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B oQITE A EQ F PAHsS BT F3 % RE 548 2AS
) glskel & 170 AN AAE
(EPA 610)& w2438ttt

AW we ok Alzeld PAHs7F @dZsion], B e —1gd

ri«:
Sl
0%
>
b
o
=
_Q‘L
£
[Su—
D
ol
=
s
w

Zok & ¥yt PAHs ¥ %3 Figure 39 veEhfiolch 2 A4 xHe &
kol thdk PAHs9 ¥ ¥ %% 348~10971 ng/g dw.2] ¥%= HeZE 7}
Au) A Byt w3 4520 ng/g dow. ik

PAHs®? & ¥+t w%i wakz A4 (TD > waz Jd3 F7149
(TR) > &vAY (D) > FAAY (R) 22 ey, 7L 3l £33
b2} 6,753, A776, 3341, 1944 ng/g dw. #o% etk w2 A9
o] FA A ulwsd 34 ) ¥ Tl FEel A3E Vet



10000

Concentration(ng/g d.w.

Figure 3. Average of PAHs total concentration in

soil for each group.

7h g sk AW = LEE Figure 49 YER AT

12000

10000

8000

6000

Concentration{ng/g d.w.

R1 R2 A3 Tt T2 T3 T4 15 TR1 TR2 TR3 TR4 TR5 o2 13 14

Residential Traffic Intersection Traffic Residential Industrial

Figure 4. Total concentration of PAHs in soil for each site.
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E7 A el A9 848~3067 ng/g dw. %= ®HE ¥HEA Rl AH
o] 7b& =i vhelutiEd), wAbEYs 4015~10971 ng/g dw. & FE=H 9
2 o mAE T Axe] 7 A uvekd. sdA9q e 45, I3
2 "ol 1059.3 ng/g dw. 7FE $Al 2AEAE, ol Fdel AHE
obmtE g A AlmE AT Ayt Atrdd
Maliszewska-Kordybach (1996)¢] PAHsel 3t B¢ o ¥d% #/iE
of MW, - A Hel A PAHs %7 1000 ng/g dw. ©]4& vE
o] “Heavily contaminated”® 24 0] ¥ o2 2AHAGY.
ole]st B9 F¢ PAHs ¥% B¥¢& dwtdoz {718 TFFdad 4
WMol e o7 WuHs Agrf (Wilcke, 2000; Wilcke and
Amelung, 2000; Tam et al., 2001; Ribes et al., 2003).
Eoolgt oA AH BY T PAHs sx% FRHVIEA(TOC) 9
kA B 2areb] Yskel 7 AR Alsiel dis) TOCE 24 sk
EeoF & PAHs® wee TOCeHe] atab A Z Figure 59F 691 WERHRA

vh. Eok F TOC A A, 07-68% gRsta dlon, B ¥
PAHs % %9} TOCSFo] A3k Aly= R7=0.6629 ko oFsh <ko] Ayt
AE Ve Ak

Tang et al. (2005)2 PAHs ¥ %¢ TOC7F 723 ko daaAE 7t
A, TOC7F £ & PAHs % o =

‘;o
rob
ko
7o
1

|

i
.k
oto
r 1
£
[
54

sk o Jones et al. (1989)& TOCSH PAHs %= Aleolel ofst el
Aok A S Jbzivka B aska 9l (Zhang et al., 2009).

At Bao A B PAHs ‘559 TOC &
Cobol Apalel Al S AoE ueiH, ok AT 247

Zhang et al. (2005)¢]

R*=0.754, R*=0.735 #< 7FA3%= Kim et al.(1999)7F Yang(2000)2] <11
1ol A vhERUb s PAHS®) wEnch oA o ® e PAHs RS
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ehd Agbebn deha 3l

Simpson et al. (1996)< PAHs¢| & %=7F 2000 ug/kg °l &3¢ & &%

=4

by, A ead shtte s gt AE A el o
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Concentration(ng/g d.w.)

R1 R2 R3 T T2 M3 ™ 75 TR TR TR3 TR4 TRS I 12 13 14
Figure 5. Correlation between total organic carbon(TOC) and total

concentration of PAHs(ZPAHSs) in soil samples at each site.

7 y = 0.0005x — 0.0293
R? = 0.6629

TOC(%)
FaN

0 2000 4000 6000 8000 10000 12000

Figure 6. Plot of total PAHs concentration versus TOC for each site.
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) 2 9j=re] B9k % PAHs ¥ % 52 Figure 7% Table 8 1]
ko] vheER Lo

2odFo wAMY AHy 2 A oA 19979 59 ~64, 1998 5
4 ~6Yo] ALY T vluEty wE TP Ao 156~5927, 1YL
a9l elg Aol 188~1411 ng/g dw. o2 B AFoA xAEH %
Rt 7-10M AL e ARE YR ATHS

77k Ax 1 B AL U FUH3 Ao vuhHT
AT Ay Mg A diret 22 Gl thE dEA Bu =2
wE oWelE vehla o, daEyete] FTEg e 1t

Wl s vhebd A sk

-«I

This stud m 2004
Busan(Korea)
Deagu{Korea
Seoul(Korea
Ulsan(Korea
Seine River basin{France
Tarragona County{Spain
Kohtla~Jarve(Estonia
Beijing(China
Beijing(China
Beijing(China

Hong Kong Is.et(Hong Kong)i% 2000 — E L
0 5000 10000 15000 20000 25000 30000

Concentration(ng/g d.w.)

Figure 7. Comparison of PAHs conamination degree in Soil from

Busan with different locations in the world.
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Table 8 Comparison of PAHs contamination degree in soil from

Busan with different locations in the world

Location

(country)

Busan (Korea)

Ulsan (Korea)

Deagu (Korea)

Changwon (Korea)

Scoul (Korea)

Busan (Korea)
Seine River basin
(France)
Tarragona County
(Spain)

New Orleans

(USA)

Beijing (China)

Beijing (China)
Hong Kong Is. et
(Hong Kong)

Bayreuth

(Germany)

Concentration

(ng/g d.w.)

848-10971

124-7100

83-513

11-835

15-1219

50-5930

450-5650

112-1002

731-2927

16-3384

163-185961

Sampling
date

2004. 10

2003. 03

1999, 10

1999. 9

2000. 05

1997. 05,06
1998. 05,06

2000. 11

2002. 01

2001. 04

2000. 10

Sample PAHs
(N)

17

17

12

33

19

(N)

16

16

16

16

16

16

16

16

16

16

Reference

This study

4 & (2003)

o
ol

(2001)

oy
(™

s (2000)

i
ol

(2005)

o
o

> (1998)

Massei et al. (2004)

Nadal ct al. (2004)

Mialke et al. (2004)

Ma et al. (2005)

Tang et al. (2003)

Zhang et al. (2005)

Krauss et al. (2003)
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Table 2014  AAl®  16% PAHs 33E & 2dddEs<l
Benzola)anthracene (BaA), Benzo(b)fluoranthene (BbF), Benzo(k)fluoranthene
(BKF), Benzo(a)pyrene (BaP), Dibenzo(a,h)anthracene (DbA),
Indeno(1.2,3-cd)pyrene (InP)2 Table 404 Yel Sl EdWolAy
B 2]l Benzo(a)anthracene  (BaA),  Benzo(b)fluoranthene  (BbF),
Benzo(K)fluoranthene (BkF), Benzo(a)pyrene (BaP), Dibenzo(ah)anthracene
(DbA), Indeno(1,23-cd)pyrene (InP), Benzo(gh,i)perylene, Chrysened=

d astE s BAbA EokoAe] SPAHcare. HiwE%Ew 3016 ng/g
dw.old 23 78 ng-TEQ/g dw.7bA vepytdh 158 9yt S @S
b p o Residential 219 o) 239 ng/g dw. < Industrial #] % o] 332
ng/g dw. < Traffic Residential #<9eo] 666 ng/g dw. < Traffic
Interscction A 9o] 1063 ng/g dw. =& ENI oY o] T1yHd 2
PAHs %ot 2 9 ¥ Aol vhepll i vk Traffic A2 7
S olEmEel b Be Adolv], olFwlE] T AR Abdel A+
oA ar wEE# Fo= Benzola)pyrene, Dibenzo(ah)anthracene,

Benzo(a)anthracene2] o2 o] wj& g Aol -2 - v &5 o] & 74

A

A7) Ao kAo 9k (IARC, 1989).

Figure 87} Figure 9o #1d% SPAHs ¥ %=% SPAHcarc. 5=+
Al E GER L

ool xode] gk Z YTPAHcarc. % i 78-3016 ng/n d.w.
ol W+ 629 ng/n dw.S YERATE ofgjgh A ¥ 19999, 2000 &
9, o), Aol A AFHT YR =2 SPAHcare. ¥l TS U

Wi v},

,34,



7t 2 #¥ SPAHs %9 XPAHcarc. &%
Ayl R=0.6398%

7&

of ApuAE AR
= (2000, 2001, 2005)2] 1+ Al R*=0.9305,
R°=0.87, R>=0.86271.t} °Fgt okeo] AaA#AE vepUl L dth
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12000 3500

=Em > PAHs

10000 —e—3 PAHcarc. 2090
2500 —
—~ 8000 3
; el
© )
> 2000
& 000 £
b 1500 8
; :
™ 4000 &

1000

2000 | 500

0 o

R1 R2 R3 ™ T2 TI3 T4 TI5 TRt TR2 TR3 TR4 TRS I 12 13 14

Figure 8. Correlation between XPAHs and >PAHcarc. in soil at each

site.

3500
y = 0.2044x — 294.77 .
R? = 0.6398

3000
2500
2000
1500

1000

TPAHcarc (ngig d.w.j

500

Q 2000 4000 6C00 8000 10000 12000
-500 . et

SPAHs(ng/g d.ow )

Figure 9. Plot between >PAHs and XPAHcarc. in soil at each site.
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B oo HakA] stE5R ojfHm glE 289 F PAHsY ¥%
1770 A"l A A 28 A
o gigte] 16F PAHs (EPA 610)& #2418kt

AAE wE 29 AlmelM PAHs7E dEE e, & A9 5
ToF % I3 PAHs %9 7z #1398 PAHs s%% Figure 109 119
el B A 1ge] &3] thik PAHse F T+ 123~745

ng/n dw.9] =% HE 7AW, A4 Het 55T 367 ng/n dw. St

F 9 ORE BEHS 2] Aste -

Or}lf

PAHs® & Wit iz FaAND > wzaz AMTD > FAAF
R) > WAz 27 FAALTR) #ow tehhe, 1 ¥E FEe 72
7F 468, 409, 363, 244 ng/n dw. o2 el By g SR
o] v}A Al b A2 o] Awela] 2M ofde] zoldl 93] st
7] kel Alg el 92

gle] Gdarg Aydoer Egnc v @o] W] wiEgl Aoz gtk

i

14 A abe] o)y odd 9 Fek wHe A
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700

600

500

400

300

200

Concentration(ng/g d.w.)

100

Figure 10. Average of PAHs total concentration In

gingko for each group.

Concentration{ng/g d.w.}

R1 R2 R3 Tl T2 TI3 T4 TIb TR1 TR2 TR3 TR4 TRS 11 12 13 14

Residential Traffic Intersection Traffic Residential Industral

Figure 11. Total concentration of PAHs in gingko for each site.

_38_



d shetEE A FAbAl &deldlAe] PPAHcarc. HilFE+ 52 ng/n
dw.olA HA 0 ng/n dw.7bA] vepsgch T1EE g B SS dEE
M Residential A9 o] 4.7ng/n d.w. < Traffic Residential #%e] 9.7
ng/n d.w. < Traffic intersection A% ¢} 159 ng/n d.w. < Industrial #|
o] 237 ng/n dw. wo& YEbgow, o= I15¥ YPAHs &%
b4 2ol & vehal duh

Figure 123} Figure 13 #73¥ 232 SPAHs 5 X% XPAHcarc.
sEebe] A#RAAE HERA T

7y 2 Ay 289 SPAHs %9 YPAHcarc. =9t AaatA &
A E AT R7=006012 Ao g¥ads vehlA etk ol A
, o7 Fell Ealskys 7/ A A PAHse Ao 2] fele AR

re) /%4 NA weks R sbag giel 14 A o4 ol

ol Ay Wbl GEe] webd BAL WRY QA AROR /74
AAE e nrAd SEEL ol Fold Qv Wiz Wi
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ZPAHs(ng/g d.w.)

800

700
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400

300

200

100

. 60

EEER S PAHs
—e— 2PAHcarc.

R1T R2 R3 T1 T2 T3 T4 N5 TR1 TR2ZTR3 TR4 TRS 11 12 13 4

IPAHcarc.(ng/g d.w.}

Figure 12. Correlation between >PAHs and 2PAHcarc. in gingko at

cach site.

IPAHcarc.(ng/g d.w.)
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y = 0.0251x + 47732 .
R? = 0.0691
*
*
¢ L J
L 4
L 2
* . MR 4
L 4 “
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TPAHs(ng/g dw)

Figure 13. Plot between 2PAHs and 2PAHcarc. in gingko at

site.
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3. st A Aol tld PAHs® 299 F4

PAHs? 9.@9<S FAst7] 918 A Wz Am Fof 543%E
o] #AFE v]&S HEat: WHEC olFofAa vt (Yunker et al,
2002; Ma et al., 2005; Zhang et al., 2005).

Yunker et al. (2002)&  Anthracene/Phenanthrene (AnT/PhA),
Fluoranthene/(Fluoranthene+Pyrene) (FluA/(FluA+Pyr))e]l E3 A<}
Indeno(1,2,3-c,d)pyrene/(Indenol1,2,3-c,dIpyrene+Benzolg h,ilperylene)(In
P/(InP+BghiP)), Fluroanthene/(Fluoranthene+Pyrene) (FluA/(FluA+Pyr))

o] B A FE o] L3 cross-plotd WERHO] AF 7] (petroleum)® <A

RoQlt xole] Eoko] thd PAHs¢ 1918 4371 91 AnT/PhA
vs.  FIUA/(FluA+Pyr), InP/(InP+BghiP) vs. FluA/(FluA+Pyr)¢]
cross plotg Figure 140 e AT

o] Alszol 4 AnT/PhA>0.1, 04<FIuA/(FluA+Pyr)<05 #=
chule]  FAb oz Eoke) i3k F PAHs9 2 E9¥Y2  petroleum
combustion®. i 7p&do|tp vl A4 o R FAgHoh
0.2<InP/(InP+Bghil)<0.5, 0.4<FluA/(FluA+Pyr)<0.5 7 veldo] (a)
o] plot# #-& 778l petroleum combustion= 574 €t}

21e) Tmokel ek PAHse F¥ o g2 rpEdoly rAde

SN
re

L)
y T

ol A wE zxpsAte] 7ige)] o ApsiEnh
ool xde] 2o hE PAHse v19E& F43k/] §18l AnT/PhA
vs.  FluA/(FluA+Pyr), InP/(InP+BghilP)  vs.  FluA/(FluA+Pyr)®)
cross plot% Figure 159 Yeh vt

ol Alstol Al AnT/PhA<0.1. FluA/(FluA+Pyr)<04 #ks tHER



B A e Uk F PAHse ©EUL petroleum® T A,

2

Ao e MFrider F4€

0.2<InP/(InP+BghiP)<05, FIuA/(FluA+Pyr)<04 2 thefuie], ol
gk A7l 9a Aav)ge] 7 vebd (@9 plotadt 22 tE dHE
LERH AT

Eokat &a§9e] PAHs 7198 F43H7] 93 cross-plots AR
%, EFo] 4% F 7bA cross-plotel el & ARrp vpgkont, 22
Aelow Bpsta e Ag 2z Aeld AF(E e
olejgt Ay ¥kl 7% PAHsol ohsl] thdzh H2 9 F2 5o <t

48 A 54 B3RS ol8d o9 FHo) s, &AL

iih3

A5 A 89 AR w@r o9 Sl enR wr)te] 24
i ket s Ao ghdrh old wistel 2l FAEY

Aol w7 iAol FEAE (HE @ 4 e dom
Eel
o
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Grass/Wood/Coal

Petroleum Combnustion
Combustion
Petroleum
0.5 é T t + Residential
! : % Traffic Intersection
! ) A Traffic Residential
] & i
0.8 | : , Industrial
1 1
i i
1 |
0.3 1 I
-2 L . : Combustion
g » '
2 : :
0.2 1= t
' *
n 3 ]
L 1 o 4
P 3 3
0.1 -—---—-T——--!——. ———————————————
1
' ‘f‘ Petroleum
0.0 1 L |
0.3 0.4 0.5 0.6 0.7

Flu A/{FluA+Pyr)

Petrolenm Grass’Wood/Coal
Combustion Combustion

Petroleum &

0.7 1 eResidential T
# Traffic Intersection : Grass/Wood/Coal
0.6 | aTraffic Residential 3 i
< Industrial : Combustion
0.5 pomomm- L L
=z i 1
= * LB
;:’ 0.4 [N 4 3
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E . ! Combustion
< 03 . '
[« N g 1 1
£ 1= 1
0.2 p~=—-=-=-= I me e
1 1
1 1
1
8.1 ! ; Petrolenm
1
' ;
0.0 |
0.3 0.4 0.5 0.6 07

FIUA/(FluA+Pyr)

Figure 14. PAHs cross plot for the ratio of (a)AnT/PhA vs.
FluA/(FluA+Pyr). (b)InP/(InP+BghiP) vs. FIuA/(FluA+Pyr) in soil.
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Grass/Wood/Coal

Petroleum i
Combustion Combustion
Petroleum \IX &
0.30 + Residential
# Traffic Intersection
0.5 A Traffic Residential
& Industrial
] T
0.20 A 1 1
1 i
: L
\ .
& ors . , Combustion
= - ~
< [ 1
1 ]
0,10 oo e R B e
L1 ' i
E - f s
i
0.056 | A ‘,“‘ 4 : 1 Petroleum
‘ N
. E S
A t t
0.00 n . :
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< Industrial i Combustion
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