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Summary

This study was carried out to characterize the atmospheric deposition of
PAHs in Jeju area. For this purpose, dry and wet deposits, ambient air were
analyzed. Soil samples collected around the atmospheric deposit sampling sites
were also analyzed.

Dry and wet deposition fluxes of PAHs were varied from 3.07 to 30.03 and
5.01 to 37.07 pg/m’ - month, respectively. The fluxes of particle and gaseous
phase of PAHs were varied from 0.42£0.70 to 3.18+2.79 and 1.20+0.16 to
2.883£0.81 ng/m’, respectively. The average concentration of PAHs in soil
were 6.72 ug/kg by dry weight.

The correlationship (R”) between total PAHs and carcinogenic PAHs were
0.5741 in dry deposition and 0.6513 in wet deposition. Also, the correlationship
were 0.7835 and 0.2597 at particle and gaseous phase, respectively. Compared
with the distribution of PAHs among atmospheric deposits, ambient air and
soil, the distribution of 3-ring PAHs showed relatively high in ambient air
and 4-ring PAHs revealed the higher level in atmospheric deposit and soil
samples.

Deposition velocities of PAHs were estimated to be from 0.11 to 0.51 cm/s.
2, 3-ring PAHs with low molecular weight had relatively low velocities and
4, 5, 6-ring PAHs revealed higher relatively velocities.

Potential sources of PAHs were identified by wusing cross plot with
FluA/(FluA+Pyr), Ant/PhA and InP/(InP+BghiP). From other cross plots it
could be estimated that the glass/wood/coal combustion gave a wide-spread
influence on the environment in Jeju area. However, it could not be obviously
characterized the attribution of the specific sources of PAHs by the principal

component analysis.
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PAHs= 7 78 oo W& nert 424 vay geje] &@3teas 2o

™, PAHs®| =2 - 854 422 #oz Add o-da Azded osr F=
2

B -8y 547 BAGFAS Table 19 YER AT
18%F <9 PAHsE MY Hx2E 7FX =, ringd] =24
o]# % ring® PAHs®] &2 Table 2] YeEFRATE PAHse tiEAe e
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alkylated naphthalenes, phenanthrene® benzo(a)pyrene®} #Zo] g% A 3}
=3 biphenylse} o] AZ¥ 3= IHE 7HA L 9o v (Wijayaratne
and Means, 1984), 53], PAHs & + Al 7l¢ x1gl& 7Fd A& PAHs(2,
3-ring PAHs)Ql 7% wa# w2 543 woldd& yehlAIRt 4~6709] L
& 71X 2#2 PAHs(4~6ring PAHs)= 743 wbAd ) Hol9dAd S YedT
(Fernandes et al., 1997).
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Aokl -9 9 3] (International  Agency for Research on Cancer, IARC):
Table 3°1A4 =3 PAHs <9lA benzo(a)anthracene, chrysene, benzo(b)fluo-
ranthene, benzo(k)fluoranthene, benzo(a)pyrene, indeno(1,2,3-c,d)pyrene), di-

benzo(ah)anthracene> odAd B2 =2 BF3t2 ATHIARC, 2010).
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Table 1. The physical and chemical properties of PAHs

Melting Boiling " 2°°F

Chemical Molecular tng ng Pressure
Compound . Point  Point Structure  CAS No

Formula Weight ; . (mmHg,

() (0 .

25C)
Naphthalene(Nap) CoHs 12816 & 218 71x10° 91-20-3
Acenaphthylene(AcPy) CoHs 15220 93 25 67x10° 208-96-8
Acenaphthene(AcP) CeHlo 15421 96 219 22<10° (Y 8329
Fluorene(Flu) CuHp 16622 117 2% 60x10" CI 1) 8737
Phenanthrene(PhA) CuHp 1782 100 340  1.2x10™* Og 85-01-8
Anthracene(AnT) CuHp 17822 218 3399 60x10° 120-12-7
Fluoranthene(FluA) CeHo 20226 110 393 92x10° Otg 206-44-0
Pyrene(Pyr) CeHo 20226 156 404 45x10° “OO 129-00-0
Benzo(a)anthracene(B(a)A) CigHyo 228.29 159 4% 21x10°7 OO‘O 56-55-3
Chrysene(Chr) CeHp 22820 256 448 64x10” 030 218-01-9
Benzo(b)fluoranthene(B(b)F) ~ CypHip  252.32 168 393 NR. 0’80 205-99-2
Benzo(k)fluoranthene(BRF) ~ CxHy 25232 217 480 96x10"  CC4 207-08-9
Benzo(a)pyrene(B(a)P) CooHyo 252.32 177 49% 56107 Oé%o 50-32-8
Perylene(Per) CooHio 252.32 207 500 NR. 198-55-0
Indeno(123-cdipyrene(lnP) ~ CpHi 27634 162 5% NR /% 193-395
Dibenzo(ah)anthracene(DbA)  CpHy 27835 262 53 NR _eoée 53-70-3

. . e
Benzo(g h,i)perylene(BghiP) CoHp 27634 2713 542 1.01x10 O?g 191-24-2
o L0

Coronene(Cor) CuHp 30036  >300 525 147x10 ““O‘l 191-07-1

N.R. : Not reported.

Source : Wey et al.,, 1998; EPA method No. 610



Table 2. Classification of PAHs according to the number of benzen rings

number of benzen rings
2-ring 3-ring 4-ring 5-ring 6-ring
AcPy B(b)F
FIuA
AcP p B(k)F InP
T
Compound Nap Flu Y B(a)P BghiP
B(a)A
PhA Per Cor
Chr
AnT DbA

Table 3. PAHs classified by the IARC monographs

Group Effects Compound
Group 1 carcinogenic to humans Benzolalpyrene
Group 2A  probably carcinogenic to humans dibenzola,h]anthracene

benzolalanthracene,
benzolblfluoranthene,

Group 2B possibly carcinogenic to humans

benzolk]fluoranthene, chrysene,

indenol1,2,3-cdlpyrene

not classifiable as to their
Group 3 : ..
carcinogenicity to humans

benzolghilperylene, coronene,
fluoranthene, fluorene, perylene,

phenanthrene, pyrene

probably not carcinogenic to
Group 4
humans

Source : IARC, 2010
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Al, ok~ E AL, FAs AR, ARIEAZ, Hxop AA A, =3

(Ramdahl et al., 1983), JPAHs®| w&2 14 2 ddo] 80%, °ls 9ol
20%5 AARFEHWHO, 1998). ©] F °ols e = 53] yA dse] dx
7F 2A 7199% . PAHs= Al detve GaFem Qe =AIA 3 4] o]
gt x]Jo A= FA7F H AL T (Cincinelli et al., 2007,).

16% PAHso] w3t A AA wi&=S 2004358 71522 52 ton/yeard] oW,
Z = 1.14 ton/year, 1= 0.9 ton/year, "= 0.32 ton/year, 2.2+& 0.19 ton/year
ToZ wWEHAL, FA FAH = vlo] AR 56.7%, EE 17.0%, A4S AHE
6.9%, Absak &Y A 48%, MEF A& 37%, LA~ A 36%, A AA
24%, #H71E &7 19%, ¢Fulw A7 14%, 718 1.5%°1 At 59 4
T AAA wiE A ReE Bld FAE wASH, w=a o] Abglo] g
AR s FAF AFEH Asa A7t 47 351%9 23.0% =4 PAHs ol
=@l 2 HTS AASAAL, A B2 Bopde As AHdstArt
66.0% = =2 HF& *A 39 tH(Zhang and Tao, 2009).

vty A9 AnRdE MiEEs A 235 B (Cho et al., 2000),
16% PAHsolA 2 H-# 353 ton/year, F & &+ 0.01 ton/year, 7}4 36.6
ton/year, % 9.1 ton/yeard wWl&#=<S YER 3, LA PAHse 49 4
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Yunker(2002)= PAHs 52 9 54 slgEdd A9 H&S o] &3te] PAHs
FA3% v 9t} FluA/(FluA+Pyr) H]
4 WYy 23 05 ®Bop Fom A4
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oA, 05 Bt} & A 221}
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Table 4. Emission sources of PAHs

Source category

Source division

Stationary external combustion

Residential heating

Utility, industrial, and commercial boilers

Stationary internal combustion

Industrial IC engines

Turbines

Waste incineration

Municipal waste, Sewage Sludge, Medical
waste, Hazardous waste, Drum and barrel
Incineration,

reclamation, Scray @ tire

Landfill flares

Metals industry

Primary aluminum production, Ferroalloy
manufacturing, Iron foundries, Secondary

lead smelting

Petroleum refining

Catalytic cracking

Asphalt production

Asphalt roofing
Asphalt hot-mix

Coke production

Coke ovens

Portaland cement manufacturing

Non-hazardous waste kilns

Hazardous waste kilns

Pulp and paper industry

Kraft recovery furnaces, Lime Kilns,

Sulfite recovery furnaces

Open burning

Wildfires and prescribed

Open burning of scrap tires

Mobile sources

Onroad vehicles, Aircraft, Locomotives,
Marine vessels, Non-road vehicles and

equipment

Miscellaneous sources

Carbon black manufacturing, Cigarette
smoke, Wood treatment/wood preserving,
Crematories, Gasoline distribution, Carbon

fiber manufacturing

Naphthalene production and use

Phthalic

Carbamate

Naphthalene production,
anhydride

insecticides production

production,

Source: EPA, 1998
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2— 12 mm

Anhydrous Na,S0,

250 mm Activated silica gel 10 g

Anhydrous Na,S0,
Glass wool

Fig. 5. Activated silica gel column chromatography

for PAHs purification.

Table 5. Internal standard material of PAHs

Internal standard material PAHs Compounds Deuterium
Naphthalene—ds Benzo(a)anthrathene—d;z

Chrysene—di2 Acenaphthene—dig

Benzo(b)fluoranthene—d» Fluorene—dio
Deuterated PAHs Benzo(k)fluoranthene—di» Phenanthrene—-dio
PAH-LCS-A Benzo(a)pyrene—di» Anthracene—dio
Indeno(1,2,3-c,d)pyrene—-d;» Fluoranthene—-dig

Dibenz(a,h)anthracene—d;4 Pyrene-dio

Benzo(g,h,i)perylene—di»

Deuterated PAH

Internal Standards
PAH-ISS-A Benzo(e)pyrene—diz

Acenaphthylene—ds p—Terphenyl-di4

_17_



Soil PUF

Deposition TSP
Liquid Solid Filter sample
state state cutting

liquid-liquid
extraction

with n-hexane

Spike of
labeled

standards

Soxhlet Extraction
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Soxhlet Extraction
(16 hours)

Spike of labeled
standards

Extracted with toluene

Spike of labeled
standards

Extracted with acetone

Concentrated down to 10 mL with rotary evaporator

Actived silica gel column chromatography

Internal standards spiking

Concentrated down to 300 pL

Analysed by GC/MS

Fig. 6. Experimental process of PAHs analysis.
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3.3.1 £47]7]

PAHs &40 7lxzazatEady]/dZFE2741(6890N  gas  chromatog—
raphy/5975 inert mass selective detector, Agilent Technologies, United States)
E AFES9 A, PAHs 3tgE2 AEx ol 7 =" (selected ion monitoring,
SIM)ell ol&f AAsg o, B2 7Hretention time)¥ 74 SAA 274 A€
o] )¢ H]E H]uste] PAHs 3tg=S &ls $ AZntEIdo 14 WA

FE M7 WEEEELY AA A= PAHs9}] A divk-g-7 (relative re-

%_
sponse factor, RRF)& ©o]-&3d}o] A =Fs}sith
3.3.2 PAHs 7|7]%4 %4

PAHs #4o] A1849 ALy ZH LS DB-5MS(60 m length, 0.25 mm in-
ner diameter, 0.25 um film thinckness, Agilent Technologies, United
States)7} A& 5 A2, EWt7]Al= LES 1.20 mL/ming £52 FY3AT.
LE 2L+ 80 ToA 1#3F FAg ¥ 5 CT/min &2 260 C7HA] &8aL 2 C

= 5

T/min&= 320 ColA 5&1F FAAI1#H 3L, PAHs

Aol AMEE 7 2 ol 23 o] 28] & S Table 79 WEtWA AL ZFEEH

= vAEE o ol A=vtEIHSE Fig. 7] WERSITh
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Table 6. Instrumental conditions of PAHs by GC/MS

Items Conditions
GC/MS Agilent 6890N/5975MSD
DB-5MS (60 m length, 0.25 mm inner diameter,
Column ) )
0.25 pm film thickness)
Ton source temp. 280 C
Injector temp. 300 C
Carrier gas Helium (1.20 mL/min)
Injection mode Splitless
Tonization mode EI mode

80 C (1 min) — 5 C/min — 260 C (0 min)
— 2 C/min — 280 C (0 min)
— 5 C/min — 320 C (5 min)
Post Run : 320 C (2 min)

GC oven program

Table 7. GC/MSD selected ions for PAHs analysis

Compounds Selected ion(m/z) RT(min)
Naphthalene 128 129 9.337
Acenaphthylene 152 153 13.021
Acenaphthene 154 153 13.440
Fluorene 166 165 14.692
Phenanthrene 178 179 17.024
Anthracene 178 179 17.151
Fluoranthene 202 200 19.919
Pyrene 202 200 20.468
Benzo(a)anthracene 228 229 23.372
Chrysene 228 229 23.463
Benzo(b)fluoranthene 252 253 26.437
Benzo(k)fluoranthene 252 203 26527
Benzo(a)pyrene 252 250 21577
Perylene 252 203 27.833
Indeno(1,2,3)pyrene 206 277 32.671
Dibenz(a,h)anthracene 206 277 32.760
Benzo(g,h,i)perylene 278 279 34.013
Coronene 300 301 41.652
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Table 8. Mean recovery and relative standard deviation of PAHs

Compound Mean Recovery (%) RSD (%)
Naphthalene-D 90.2 4.3
Acenaphthylene-D 100.0 0.0
Acenaphthene-D 79.6 5.6
Fluorene-D 81.9 4.3
Pheanathrene-D 74.8 2.2
Anthracene-D 74.2 2.1
Fluoranthene-D 89.7 1.8
Pyrene-D 34.0 2.0
p—Terphenyl 100.0 0.0
Benzo(a)anthracene-D 79.0 6.8
Chrysene-D 8.7 7.2
Benzo(b)fluoranthene-D 97.7 4.5
Benzo(k)fluoranthene-D 84.5 4.5
Benzo(e)pyrene-D 100.0 0.0
Benzo(a)pyrene-D 96.4 15
Perylene-D 84.4 15
Indeno(1,2,3-c,d)pyrene-D 93.8 94
Dibenz(a,h)anthracene-D 86.3 11.2
Benzo(g,h,i)perylene-D 86.4 8.3
Coronene-D 106.3 16.2
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4. 23 ¥ n %
4.1 PAHs ¥ ¥ §4
4.1.1 %3 E 5 PAHs ¥ &4
PAHs®| t7] 4 zs dd=2 Fig. 89 YUt 18F PAHse| € A
B A2 Aol W= 307 ~ 3003 ug/m - monthol AL, 524 A<

L 9= 501 ~ 37.07 pg/m’ - monthe. & AA ¥ £ AHFS YAz o=
Hl =3kl ek o PAHsS & HAF2 808 ~ 4696 pg/m' - monthe] H$

&

o

o,

R
4 5 BY 14 9 F4 F1 A 2012 7€l HAGE HERHSle
o, ol A" st Fupdel b2 Ag-ol olgto] thr] Fo FrElol AnE
sl dodez ¥ seses UEW Aoz Atndn. A4 JH40 A

$- 20133 1€l HF(30.03 pg/m -month)S YER L F2 e A5
20123 12€¥€ ] H ) gh(37.07 pg/m'-month)S EFH AT

18% PAHs A= Add WE 485 Table 9~1001 124 A3 54
Aoz o] el B 124 JAZFS AL > o5 > & >
cow yeyteon, HFit F4 IAES 5 > As > b > A5 £or U
EstTth ol jk PAHs A 542 B A9 Aael= sd7] s&=7F =1 8
A7lell A yetus AdA B F93% Hlsst A yERs HH(Park and Chung,
1992; Cho et al., 1994; Chung et al., 1998; Caricchia et al., 1999, Menichin et

o

ali, 1999; Kim et al., 2006).

A=A AFHY PAHs HAZHS vl A3 124 A= Napet Pyr
= A9d K= PAHsolA 2ufel A 21j(Ht 158) 744 A& o] oJ5d Rt
= AAHGES Hola glow 52 H A= Nap, Flu, Pyr, B(a)AS A 23

E2E PAHsoOl A 179l A 11.280(H 1 1.89)7HA] A& Ho] oJFH BT =2

2SS ®wrt. £3] Nap, Flu, Ant, Pyr 5 ##% PAHs: AldW 5ol A3
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ety gl o= ols =] Aldel mE AR Aolm A% ol

% AREQ F FWHl FF ARA PAHs A AREHE A9 9

2
32
v
K
HJPI
i&
v

(Baek, 1995).

IARCol A IEAZ HF38tal e 759 (394 PAHs)o A HFe 4
B2, A2 #JA9 A 159 ~ 590 pg/m’ - monthe] WM& Bow, 7124 3
Aol A PAHs® & A=l gk ohd PAHsO H & 145 ~ 361 %& =
Ko AZHe Wekd PAHs7F =& vl &S B =3 524 A oA
= 294 ~ 6.19 pg/m' - month® WHE HA3, 524 HAo|A PAHs & HA=HF
of thst ek PAHsO Ml &2 327 ~ 355 %= AMAIA RFolA v =3k H]

A4 0 &4 A4S B2 0@ PAHse & AAe] ALY WE 4GS
Table 11¢lA4 ®H™, A& > > oF > 7FEY o2 yeiytor, welA

PAHs® 4% A& > & > 7k& > o159 =22 Yeytil, PAHs & A
of thek weld PAHs® Hl&2 226 ~ 358 %= UERH

2
o

Deposition flux [ g/ m’-month)

Jul Aug Sep Ocd Nov Dec lJan Feb Mar Apr May Jun  Jul Aug Sep Ocd Nov Dec
[1Dry deposition flux B8 Wet deposition flux  s===temp.

Fig. 8. Monthly variation of wet and dry deposition, and temperatures.
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Table 9. Average flux of PAHs in dry deposition (pg/m’-month)

Spring Summer Autumn Winter Annual w/sV
Nap 1.35+0.78 4.62+4.88 1.45+0.87 1.70+0.87 2.37+2.85 0.4
AcPy 0.02+0.03 0.02+0.01 0.01+0.02 0.07+0.05 0.03+0.04 3.2
AcP 0.02+0.03 N.D. N.D. N.D. 0.00+0.01 -
Flu 0.05+0.09 0.05+0.04 0.74+1.19 1.10+1.99 0.52+1.15 21.2
PhA 1.14+0.41 0.58+0.30 0.42+0.09 1.41+0.59 0.81+0.53 2.4
AnT 0.17+0.14 0.04+0.05 0.75+1.14 0.27+0.33 0.35+0.71 7.1
FluA 1.24+0.75 0.82+0.60 0.49+0.22 1.64+0.84 0.96+0.70 2.0
Pyr 1.73+1.42 3.00+2.81 0.88+0.59 1.64+0.81 1.78+1.74 0.5
B(a)A 0.19+0.12 0.19+0.30 0.38+0.26 0.42+0.43 0.30+0.29 2.2
Chr 0.69+0.47 0.67+1.10 0.27+0.15 1.35+1.43 0.69+0.92 2.0
B(b)F 1.31+1.14 0.36+0.18 0.36+0.12 2.62+3.15 1.02+1.68 7.3
BkF 0.24+0.41 0.16+0.30 0.14+0.26 0.73+0.71 0.29+0.46 4.6
B(a)P N.D. 0.03+0.06 0.22+0.17 N.D. 0.08+0.14 -
Per N.D. 0.05+0.11 N.D. N.D. 0.01+0.06 -
InP 1.10+1.14 0.18+0.13 0.19+0.09 0.62+0.37 0.43+0.56 3.5
DbA 0.13+0.08 0.05+0.03 0.03+0.02 0.16+0.13 0.08+0.09 3.1
BghiP 0.88+0.63 0.26+0.10 0.27+0.09 1.79+2.36 0.71+£1.20 6.9
Cor 0.62+0.43 0.19+0.09 0.21+0.06 0.83+0.91 0.41+0.50 4.2
> PAHs 10.87+7.72 1128840  6.82+2.62  16.3619.24 10.85+7.32 15
> PAHcarc  3.66+3.29 1.64+1.47 1.59+0.63 5.90+4.32 2.91£2.92 3.6
% 33.7 145 23.3 26.8 36.1

1) W/S : Winter/Summer
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Table 10. Average flux of PAHs in Wet Deposition (pg/m’-month)

Spring Summer Autumn Winter Annual w/sV
Nap 4.50+3.95 1.20+0.65 1.10+0.62 1.15+0.24 1.71+1.93 1.0
AcPy 0.06+0.03 0.01+0.01 0.01+0.01 0.07+0.08 0.03+0.05 11.2
AcP N.D. N.D. N.D. N.D. N.D. -
Flu 0.03+0.06 0.37+0.41 0.41+0.43 0.22+0.21 0.30+0.35 0.6
PhA 1.20+0.45 0.54+0.32 0.63+0.26 1.62+1.34 0.92+0.76 3.0
AnT 0.09+0.08 0.14+0.17 0.20+0.19 1.26+1.63 0.40+0.85 9.1
FluA 1.66+0.64 0.86+0.43 1.07+0.62 2.32+2.54 1.39+1.29 2.7
Pyr 3.05+2.46 2.29+2.15 2.25%2.23 1.92+1.78 2.32+1.99 0.8
B(a)A 0.51+0.26 0.85+1.15 0.63+0.49 0.89+0.58 0.73+0.69 1.0
Chr 0.80+0.60 0.50+0.39 0.52+0.34 1.12+1.25 0.69+0.68 2.2
B(b)F 1.73+1.47 0.73+0.50 1.01+0.57 1.97+2.07 1.27+1.19 2.7
BkF 1.68+2.68 0.21+0.20 0.43+0.74 0.46+0.60 0.58+1.16 2.2
B(a)P N.D. 0.20+0.46 0.15+0.25 N.D. 0.11+0.27 -
Per N.D. N.D. N.D. N.D. N.D. -
InP 1.32+1.35 0.37+0.29 0.71+0.54 1.06+1.01 0.79+0.79 2.9
DbA 0.15+0.09 0.09+0.05 0.10+0.06 0.14+0.12 0.11+0.08 1.7
BghiP 1.18+0.87 0.41+0.26 0.62+0.35 1.09+1.09 0.76+0.67 2.7
Cor 0.70+0.38 0.24+0.14 0.35+0.22 0.59+0.38 0.43+0.30 2.5
> PAHs 18.67+8.40  9.00+2.70  10.21+4.85 1589+14.26 12.54+8.23 1.8
> PAHcarc  6.19+6.41 2.94+1.83 3.55+2.10 5.63+5.62 4.28+3.78 19
% 33.1 32.7 34.8 34.2 35.5

1) W/S : Winter/Summer
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Table 11. Average flux of PAHs in Total Deposition (ug/m’-month)

Spring Summer Autumn Winter Annual w/sY
Nap 5.85+4.69 5.82+5.03 2.55+1.45 2.85+1.07 4.08+3.46 0.5
AcPy 0.08+0.00 0.03+0.02 0.02+0.03 0.15+0.09 0.06+0.07 4.8
AcP 0.02+0.03 N.D. N.D. N.D. 0.00+0.01 -
Flu 0.09+0.08 0.43+0.42 1.16+1.51 1.33+2.15 0.81+1.33 3.1
PhA 2.33+0.10 1.13+0.45 1.06+0.28 3.03+1.20 1.73+1.03 2.7
AnT 0.25+0.06 0.18+0.17 0.95+1.26 1.54+1.43 0.75+1.06 8.7
FluA 2.90+1.18 1.68+0.96 1.56+0.75 3.96+2.28 2.35+1.57 2.4
Pyr 4.78+3.87 5.28+4.61 3.13+2.81 3.56+1.45 4.10+£3.22 0.7
B(a)A 0.70+0.17 1.04+1.04 1.00+0.72 1.31+0.50 1.03+0.70 1.3
Chr 1.49+0.34 1.17+1.42 0.78+0.35 2.47+1.52 1.38+1.16 2.1
B(b)F 3.04+1.17 1.09+0.58 1.37+0.62 4.59+3.04 2.29+2.01 4.2
BkF 1.92+2.52 0.37+0.25 0.58+1.00 1.18+1.24 0.88+1.28 3.2
B(a)P N.D. 0.23+0.44 0.37+0.36 N.D. 0.19+0.33 -
Per N.D. 0.05+0.11 N.D. N.D. 0.01+0.06 -
InP 2.42+1.12 0.54+0.35 0.91+0.57 1.67+1.19 1.23+1.00 3.1
DbA 0.28+0.08 0.14+0.07 0.13+0.07 0.31+0.16 0.20£0.12 2.2
BghiP 2.06+0.52 0.67+0.32 0.89+0.37 2.88+2.32 1.47+1.37 4.3
Cor 1.32+0.17 0.44+0.20 0.57+0.22 1.42+0.88 0.84+0.60 3.3
> PAHs 2954+11.72  20.28+9.89  17.03+7.01 32.25+1266 2340+11.14 1.6
> PAHcarc  9.85+4.83 4.58+2.98 5144244 11534594  7.19+4.69 2.5

% 33.3 22.6 30.2 30.7 35.8

1) W/S : Winter/Summer

_28_



PAHs®| 7] A && AdEZ 24982 (Fig. 9), 18F PAHs oM E&
Aol A NaP# Pyro] AtiAo® =2 4s B, 53 o521 7tSHdd =
o] E A ¢d PAHs £ 2 1 pg/m month olsle] A HFS YeQLh o2 =
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Fig. 9. Seasonal variation of atmospheric deposition fluxes of PAHs.
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Aug 13.64 5.44
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Table 13. Average concentrations of PAHs contained in particle phase (ng/m’)

Aug Sep Oct Nov Total
Nap 0.01+0.01 0.01+0.01 0.02+0.02 0.01+0.02 0.01+0.02
AcPy N.D. N.D. 0.01+0.01 N.D. 0.00+0.01

AcP N.D. N.D. N.D. N.D. N.D.
Flu N.D. 0.12+0.17 0.33+0.18 0.65+0.48 0.27+0.35
PhA 0.24+0.43 0.23+0.35 0.14+0.11 0.97+1.40 0.39+0.77
AnT 0.14+0.26 0.06+0.12 0.05+0.05 0.02+0.03 0.07+0.14
FluA N.D. 0.09+0.05 0.07+0.04 0.31+0.25 0.12+0.17
Pyr N.D. 0.04+0.03 0.03+0.02 0.14+0.11 0.05+0.08
B(a)A 0.00+0.01 0.03+0.03 0.02+0.02 0.09+0.10 0.03+0.06
Chr N.D. 0.06+0.05 0.05+0.04 0.13+0.20 0.06+0.11
B(M)F 0.00+0.01 0.16+0.10 0.12+0.08 0.30+0.42 0.15+0.23
B&F 0.00+0.01 0.02+0.02 0.02+0.02 0.06+0.08 0.03+0.04
B(a)P N.D. 0.00+0.00 0.01+0.03 0.11£0.17 0.03+0.09
Per N.D. 0.00+0.00 N.D. 0.00+0.00 0.00+0.00
InP N.D. 0.09+0.07 0.08+0.06 0.20+0.15 0.09+0.11
DbA N.D. N.D. 0.01+0.01 0.03+0.04 0.01£0.02
BghiP 0.00+0.01 0.06+0.05 0.05+0.05 0.15+0.13 0.07+0.09
Cor N.D. 0.02+0.02 0.01+0.01 0.04+0.03 0.02+0.02
>PAHs 0.42+0.70 0.99+0.68 1.03+0.59 3.18+2.79 1.41+1.76
>.PAHcarc 0.02+0.02 0.37+0.25 0.31+0.22 0.91+0.86 0.40+0.54

% 4.08 36.77 30.55 28.70 28.63
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Table 14. Average concentrations of PAHs contained in gaseous phase (ng/m’)

Aug Sep Oct Nov Total
Nap 0.74+0.73 0.28+0.12 0.27+0.05 0.48+0.19 0.44+0.40
AcPy N.D. N.D. N.D. 0.07+0.16 0.02+0.08
AcP 0.03+0.07 N.D. N.D. 0.01+0.02 0.01+0.04
Flu 0.11+0.03 0.10+0.03 0.11+0.02 0.48+0.51 0.20+0.29
PhA 1.03+0.29 0.85+0.23 0.56+0.08 0.48+0.37 0.73+0.33
AnT N.D. N.D. N.D. N.D. N.D.
FluA 0.31+0.09 0.22+0.07 0.10+0.06 0.27+0.27 0.22+0.16
Pyr 0.64+0.16 0.27+0.09 0.15+0.06 0.22+0.12 0.32+0.22
B(a)A 0.01+0.00 0.01+0.01 0.01+0.01 N.D. 0.01+0.01
Chr 0.01+0.01 0.01+0.01 0.01+0.01 N.D. 0.01+0.01
B()F N.D. N.D. N.D. 0.01+0.01 0.00+0.00
B&F N.D. N.D. N.D. N.D. N.D.
B(a)P N.D. N.D. N.D. N.D. N.D.
Per N.D. N.D. N.D. N.D. N.D.
InP N.D. N.D. N.D. N.D. N.D.
DbA N.D. N.D. N.D. N.D. N.D.
BghiP N.D. N.D. N.D. N.D. N.D.
Cor N.D. N.D. N.D. N.D. N.D.
>PAHs 2.88+0.81 1.74+0.43 1.20+0.16 2.02+0.85 1.96+0.85

>.PAHcarc 0.01+0.01 0.02+0.02 0.01+0.01 0.01£0.01 0.02+0.01

> PAHcarc

SPAHs 0.51 1.15 1.01 0.67 0.77
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Table 15. Comparison of PAHs concentration measured at various area in Korea(ng/m’)

Study location area type Sampling period Compounds | Concentration Reference
Jejusi, Jeju background particletgas Aug ~Nov 2012 >.1sPAHs 2.22~5.20 This study
Songdo, Pusan 18.42
iﬁ?ﬁ 1133222 industrial particletgas Oct 2010 > sPAHs 1253‘?8 Jung et al., 2011
Heuonghae, Pusan residential 14.52
Dogok, Seoul residential 4.86
Seoul station roadside 4.27
Sungeei, Incheon residential particle Jan 2006 ~Dec 2008 >.7PAHs 5.07 Jang et al., 2010
Yeonhee, Incheon roadside 4.48
Seokmo, Incheon background 3.11
Shinchon, Seoul roadside particle Ma&pie%url:loz\(f)o%OOS, >.13PAHs 45~25.7 Lee et al., 2008
Hyoja, Chuncheon | Commercial/ Sep 2002~ Dec 2003 46
residential _ .
Wangsimri, Seoul metropolis particle(PMzs) [~ 2002~ Jan 2004 2.5PAHs 4.4 Kim et al,, 2006
Yangsan, Ulsan industrial Oct 2002~Feb 2004 2.1
Daemyung, Daegu residential 16.60
commercial/
samduck, Dacgu | ogidential | particle(PM) | Dec 1993~Nov 1994 | ¥,PAHs 2218 Choi et al., 2003
Nowon, Daegu factory 39.34
Daedong, Daegu suburb 18.15
Dukjin, Jeonju Cfggﬁg;ﬁ;‘}/ particle +gas Jul ~ Nov 2002 >, PAHs 70~102 Kim et al., 2006
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Table 16. Concentrations of PAHs in soils (ug/kg)

PAHs East North South West Ave.
Nap 0.94 1.26 1.28 1.18 1.16
AcPy N.D N.D N.D N.D 0.00
AcP N.D N.D N.D N.D 0.00
Flu N.D N.D N.D N.D 0.00
PhA 0.66 0.76 1.01 0.64 0.77
AnT 0.19 0.19 0.20 0.66 0.31
FluA 1.08 0.85 1.03 0.56 0.88
Pyr 0.30 0.30 0.81 0.43 0.46
B(a)A 0.19 0.30 0.31 0.27 0.27
Chr 0.55 0.47 0.62 0.38 0.51
B(b)F 1.11 0.87 1.15 0.57 0.93
B(kKF 0.97 0.90 0.62 0.53 0.76
B(a)P N.D N.D N.D N.D 0.00
Per N.D N.D N.D N.D 0.00
InP 0.29 0.09 0.32 0.08 0.19
DbA 0.07 0.04 0.11 0.02 0.06
BghiA 0.14 0.14 0.20 0.14 0.16
Cor 0.32 0.18 0.55 0.03 0.27
>. PAHs 6.81 6.34 8.22 5.50 6.72
>.PAHcarc 3.18 2.67 3.13 1.85 2.71
PAHcarc
ZZPW 46.7 42.2 38.1 33.7 40.4
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Table 17. Comparison

of PAHs concentrations contained in soils sampled at various area

Study location area Sampling period Compounds Range(ug/kg) Reference
Jeju, Korea University Dec 2012 2.1sPAHs 5.50~8.22 This study
Jeju, Korea Traffic Feb~Mar 2004 2.16PAHSs 78.9~222.7 Jin et al. (2006)
Jeju, Korea Power Plant Feb~Mar 2004 >16PAHSs 274~111.0 Jin et al. (2006)
Jeju, Korea Harbor Feb~Mar 2004 >16PAHSs 487 Jin et al. (2006)

Pohang, Korea Industrial May, Jul 2010 >.16PAHs 18.7~1744.5 Jung et al. (2012)

Changwon, Korea Residential Sep, 1999 >.16PAHs 10.9~77.9 Kim et al. (2000)
Changwon, Korea Industrial Sep, 1999 >.16PAHSs 69.0~835.3 Kim et al. (2000)
Gyungnam, Korea (, waltsd - Apr, 2010 31 1PAHSs 31.1~3275.0 Kim et al. (2011)
Gyungnam, Korea Factory Apr, 2010 >16PAHSs 16.0~2088.6 Kim et al. (2011)
Gyungnam, Korea land—fill Apr, 2010 2.16PAHSs 125~137.8 Kim et al. (2011)

Japan Paddy 1980 ~ 2002 >.20PAHSs 52.9~8R80 Honda et al. (2007)

Japan Paddy 1970~1979 2.20PAHS 133~888 Honda et al. (2007)
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Table. 18 Result of principal component analysis for PAHs deposition flux

dry deposition wet deposition

variable PC1 PC2 PC3 PC1 PC2 PC3
Nap 0.08 0.75 0.46 0.08 0.66 -0.49
AcPy 0.83 -0.13 -0.14 0.90 0.06 0.04

AcP 0.10 -0.06 -0.12 - - -
Flu -0.14 -0.03 -0.40 -0.04 0.41 0.41
PhA 0.94 0.15 -0.03 0.96 0.09 0.16
AnT -0.15 -0.26 0.29 0.73 0.11 0.54
FluA 0.88 0.24 0.20 0.89 0.34 0.26
Pyr 0.22 0.66 0.60 0.23 0.90 0.04
B(a)A 0.52 -0.65 0.05 0.39 -0.52 0.24
Chr 0.82 0.06 -0.09 0.96 -0.16 0.17
B()F 0.96 -0.18 0.06 0.99 -0.10 0.01
BkF 0.14 0.34 -0.74 0.63 -0.20 -0.60
B(a)P -0.39 -0.39 0.50 -0.28 -0.34 0.16

Per -0.01 0.41 -0.24 - - -
InP 0.31 0.39 -0.25 0.91 -0.05 -0.24
DbA 0.98 0.00 -0.06 0.93 -0.22 -0.12
BghiP 0.95 -0.21 0.13 0.98 -0.04 -0.10
Cor 0.96 -0.15 0.12 0.92 0.00 -0.20
% VAR 41.06 12.67 10.38 57.14 12.84 8.66

1) % VAR: Percentage of total variance explained by PC
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Table. 19 Result of principal component analysis for PAHs in particle and

gaseous phase

particle phase gaseous phase
variable PC1 PC2 PC3 PC1 PC2 PC3
Nap 0.06 -0.55 -0.69 0.28 -0.63 0.13
AcPy -0.07 0.11 0.45 0.33 -0.54 0.10
AcP - - - 0.27 0.16 -0.09
Flu 0.77 0.29 0.34 -0.34 0.05 0.90
PhA 0.63 0.74 -0.13 0.86 0.22 0.05
AnT -0.22 0.29 0.25 - - -
FluA 0.98 0.14 -0.09 0.74 -0.24 0.48
Pyr 0.95 -0.22 -0.08 0.80 -0.11 0.06
B(a)A 0.74 -0.59 0.17 0.28 0.83 0.08
Chr 0.72 -0.48 0.44 0.26 0.71 0.11
B()F 0.88 0.35 -0.03 -0.27 0.08 0.88
BkF 0.90 0.25 0.03 - - -
B(a)P 0.56 0.64 -0.45 - - -
Per - - - - - -
InP 0.91 -0.29 -0.17 - - -
DbA 0.87 0.02 0.37 - - -
BghiP 0.87 -0.43 -0.08 - - -
Cor 0.89 0.00 -0.21 - - -
% VAR 56.21 15.86 9.59 25.20 20.45 18.65

1) % VAR: Percentage of total variance explained by PC
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