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Concentration and characteristics for gas-particle
partitioning of PCDD/DFs, PCBs, PAHs and VOCs

from ambient air in the southern Korea

Young-soo Kim

Interdisciplinary Program of Earth Environmental Engineering, Graduate School,
Pukyong National University
Busan 608-737, Korea

Abstract

This study was performed to investigate the concentration level,
patterns, characteristic of gas—particle partitioning and scavenging effect
by precipitation of PCDD/DFs, PCBs, PAHs and VOCs in the ambient
air in southern Korea from January to April in 2010.

The average concentration of PCDD/DFs isomers ranged from 1.11 to

1.46pg/m3, 2,3,7,8-substituted congeners of PCDD/DFs were from 0.46 to

= Vil -



O.62pg/m3. Total PCBs and DL-PCBs ranged from 291.29 to
369.48pg/m3, and from 0.01 to O.SOpg/mB, respectively. PAHs were
varied from 16.81~33.32ng/m3. VOCs compounds were from 39.77 to
57.82ng/L.

These results were lower level than previous studies and the
concentration of PCDD/DFs was also lower than the domestic
standardization.

The concentration levels and profile pattern of PCDD/DFs, PCBs,
PAHs and VOCs were-observed similarly with “general ambient pattern
from January to March that is non-precipitation period.

The results of gas—particle  partitioning concentrations" showed that
PCDD/DFs, PCBs isomers and PAHs compounds having low molecular
weight are dominant for gas phase concentration. On the contrary, other
1somers and compounds having high molecular weight are predominant
for particle phase.

The result from. this study was applied to Junge-Pankow model. As a
result from model analysis, 4.sampling sites-in this study were similar
with the properties of rural region.

PCDD/DFs, PCBs, PAHs, VOCs and semi organic compounds in the
ambient air exist on both gas phase and particle phase during
non-precipitation period.

Especially, low chlorinated isomers and molecular weight compounds
are dominant in the gas phase. However, high chlorinated isomers and
molecular weight compounds are predominant in the particle phase.

In the case of rainfall, high chlorinated isomers and high molecular

- viii -



weight compounds tending to be absorbed into particles easily were
washed out from the ambient air. According to this washout effect,
result from this study showed that the ratio of gas phase in the

ambient air i1s predominant after precipitation.

keywords : PCDD/DFs, PCBs, HAPs, partitioning, washout
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LAA =2 v FES EATHEPA, 2007).
5

S, ARz Fr F7he Hel AES wek Qb sEd 9
S 7bbH(WHO, 2010), #A oA wiEd AL 4%, b JAF
oAl 3 S divlzEAl~ AA4E AH FAYE olFdt
(Bidleman, 1988; CEP, 2010). o9} #2 S5A4E= <lsto], &

o W3 HARE Fdl A AFHA dFol T Aoz QYL
(UNEP, 2005).

7129 PAHs &4 Hizdows yadnd A7E 27 7H4&
W, AR BAt 4t A8 A S &5 5 dth PAHsZ) Al H] X
= Asid o= st BAleE Abgdo] TEek A A S EAA H 1
A H(Cincinelli et al., 2007). PCBse] 4 $dl= %71, 242, JJE, &
gE, A Az F4e A A= HjEe]

ALgo] FAH YA, 1Eeh ThEo® AFRE PCBsE ol A7A AlA ]

B2 Ao A FHol H i AT (Brunciak et al, 2001).

T Yt edde Ry wEEn. viEE PCDD/DFs+ th7]& &3f o]

w24 e A4 HA o EY, &, AEdd IAdd
tHRappe et al., 1993; Isamu et al, 1999). =3+ ®j=%¥ PCDD/DFst &
TAHoR Hoaleg T AitelA FHHAAA = Aer dHA U
(Rappe, 1984., 1986; Ryan, 1986). 53|, PCDD/DFs+ th&Fst 437 7

ddeddoziy MEE s vogEdR] FAERA Qe ditel mA

s

qdeko 7 97} Eolx L At (Council Directive, 2000).



VOCse= d9dde dod = v 7FsAel mek VOC-OXes,
VOC-TOXes, VOC-STRATs, VOC-CLAIMs=Z =ZA Y 7IAZ BF5
At I F VOC-TOXes7k F74o] SlZu, 543 Add J3FS dod
T A=, ol =
tH(Tsuneaki et al., 1995).

2 dFdMes 53 A9 diVTE WO0Cs 2 7EARAg-d A

PCDD/DFs, PCBs, PAHsE EUHEHEsIY ol fFaldVledE=dE59] =&

de f & HFoA HAPsol &3l 2242 <484 2

EAS Hrsllew, Junge-Pankow adsoprtion model® Koa
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1.2 9ol 47, PAHs¢ VOCs9 &£49 - 333 54

tho]$alf{+=  ZA PCDDs$t  PCDFs® Y&  F 9l
PCDDs(Polychlorinated dibenzo-p-dioxins)& #2F 24 2719 A=}
of & doz Ty dAAvt XFE 279 wAFgoR o]Fojx ). o
o} fAFeE 2= 717 3kstE 24 PCDFs(Polychlorinated dibenzofurans)
7F vk st 2= PCDDsoF #ARsHA 2708 WAl gk Afole] syt

A2 AAE AgE FEHE AU v ARt o R olE IgES o

g 1-4 %

6-9° A g¥= dAh D Ve dEA A2, /7] U B FALATL

of Al dadArt A &E A4k PCDD/DFs+=

PCDDs+ 752l ¢l A, PCDFs+ 13552 olAdA=Z & 21052 oA A

g 7F¥x  Sdoh 210%5e9 PCDD/DEs o =A4eol [PHg  7sh

2,3,7,8-TCDD7} Qleom o] &3Eo] HA G5 7HToxic Equivalent Factors;
TEF) #ate] v7)Ee] =i St

PCDD/DFst "2 wrARl #7138t 247 e damisd 2 +4%9 %
A

2 Bol ¥As = Aor e THEPA, 1984). E3F, 7 Ao =A 9
ol sAdH #AAV A SN duds] vownm WA A, EY o 4
A F2HEY A ZAststd GA EEEHA ¥=(Demaio and Corn,
1990; Paolo et al., 1997).

PCDD/DFs+= A4, I9iAez A4y y, 874 F oftdy EAd=



A7 A Adth(Podoll et al,. 1986). HE oA
24 AAEILL ol HYIEHR AAH

r?
il

F4NA HFHA 29

PCDD/DFs¢} A 549 tho]5al A4 wiEe] ZA= olofxaL 3l

Fig. 13 Fig. 2¢| PCDDs®} PCDFs® ## G+%%E, Table 13 Table 2

549 vhERRe,

Jﬁﬁ_‘g

o PCDD/DFs®| &% - 3}3}

9 1
9 1
7 3 7 3
o)
6 4 6 Q 4
Cl. Cl, cl, Cl,
PCDDs PCDFs

Fig. 1.| Molecular structures and numbering systems of

PCDDs and PCDFs.



cl cl
cl o cl
cl o cl C'ﬁoﬁm Ij ﬁ
: : cl o cl
cl o c © © cl &

2,3,7,8-TCDD 1,2,3,7,8-PeCDD 1,2,3,4,7,8-HxCDD
Cl Cl Cl Cl
CIIZO:@:CI cl fo) cl Cl o: i :CI
Cl L (o] Cl cl o al qﬁo Cl
Cl Cl
1,2,3,6,7,8-HxCDD 1,2,3,7,8,9-HxCDD  1,2,3,4,6,7,8-HpCDD
Cl Cl
C'r/(g o
Cl (o] Cl
Cl Cl e 0 & Cl O Cl
oCDD 2,3,7,8-TCDF 1,2,3,7,8-PeCDF

Cl Cl Cl Cl
PRSI 00l 3DRPSWE
I Cl (e) Cl ci (0] Cl cl o cl
Cl Cl
2,3,4,7,8-PeCDF 1,2,3,4,7,8-HxCDF 1,2,3,6,7,8-HxCDF 1,2,3,7,8,9-HXCDF
al | Cl Cl
c O O cl O Cl ¢ ! cl
Cl O Cl o] ‘ o Cl cl : e} Cl
Cl Cl al cl Cl
2,3,4,6,7,8-HxCDF 1,2,3,4,6,7,8-HpCDF... 1,2,3,4,7,8,9-HpCDF
Cl Cl
PDowed
Cl (o] Cl
Cl Cl
OCDF

Fig. 2. Molecular structures of toxic 2,3,7,8-substituted PCDD/DFs.



Table 1. Isomeric distribution of PCDD/DFs(Modified from Rappe, 1978)

PCDDs PCDFs
No. Molecular Molecular No. of Molecular Molecular No. of
Homologue Homologue

of Cl Formula Weight Isomer Formula Weight Isomer
1 MCDD C12H7ClO 218 2 MCDF Ci2H,CIO 202 4
2 DCDD C12HsCl20, 252 10 DCDF C12HsClO 236 16
3 TrCDD C12H5Cl305 236 14 TrCDF Ci2HsCl50 270 28
4 TeCDD CioHuCLO, 320 22 TeCDF C2HACLO 304 38
5 PeCDD C12H3Cl50 354 14 PeCDF C12H3Cl50 338 28
6 HxCDD C12HCls O 338 10 HxCDE Ci2HoClsO 372 16
7 HpCDD C12HCI;O3 422 2 HpCDF C2HCI;O 406 4
8 OCDD C12Clg02 456 1 OCDF Ci2Cl0 440 1
MCDD ~ OCDD 75 MCDF ~ OCDF 135




Table 2. Physical and chemical properties of PCDD/DFs

Items PCDDs PCDFs
Melting Point 89 - 322 184 - 258
Boiling Point 284 - 510 375 - 537

Vapor Pressure(Pa)
Solubility (mg/m3)
Log Kow
Half Life in Air
Half Life in Water(year)

Half Life in Soil(year)

Half Life in
Sediment(year)

=% I QPTT
74x10°% =417
43 - 82
2days - 3weeks
2days - 8months

2months — 6Byears

8months — 6years

5x10" - 39x10"
116x10° - 145
54~ 80
1 - 3weeks
3weeks — 8months

8months - 6years

2 — bByears

(Mackay et al., 1992)



PCBs(Polychlorinated biphenyls)= CloH;o-nCl,e] 3}sH2]S 7FAH, n<
T 194 107hA o]tk PCBsv Wakolw, SHAol A 2o A4
A e g EA Fo sttt PCBst % U e AR 49
e Fxe F oA e R AZHY e F oY HE

oo, 209709 old A7t EASTE. mono-ortho2t
non-ortho® X|$k¥l PCBs+= $H4 SA8# <l #3ldA PCDD/DFs¢t
e F2E JMAE #7409 BAR WHOE 1 % 12%F¢ e thol

AFE AAskaL ATk 12F-2 non-orthodll PCB-77, 81, 126, 1697} Sl&

NTFEE 7HA

™ mono-orthod] PCB-105, 114, 118, 123, 156, 157, 167, 1897}
PCBst =& Q13td(170-380C)e2 ol2doR e UgAde 7IXa 9l

U E71EY FAR S71dHeld, T84 22 ojyth W2 Y] A=

T, ¥ d A=ES d P =2 ARG 7HA 2 119299 o] %

2 ddA, € us FEAst BE e FEdA AREstdth 1996

T
R
©
%
T
(2

A Eo] A% AL YL =S d A3k
tH(WHO, 2000).
PCBs®] &4 +% = Fig. 3o eIl o

PCBs

Fig. 3. Molecular structures and numbering systems of PCBs.
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Table 3. The physical and chemical properties of PAHs

Melting Boiling Vapor
. ,. _ Chemical Molecular . . Pressure
Compound Abbreviation . Point Point Structure
Formula Weight . . (mmHg,
(C) (C) .
25T)

Naphthalene Nap CoHe 12816 80 218 71x10® [ ]

Acenaphthylene AcPy CioHs 152.20 93 5 67x10° ;

Acenaphthene AcP CoHo 15421 % 219 22x10° &
Fluorene Flu CiHig 16622117 2% 60x10°* ®
Phenanthrene PhA CusHio 178.22 100 340 12x10" /
Anthracene AnT CiHig 17822 218 342.60x10°
Fluoranthene FluA CeHp 20226 110 393 | 92x10° OQ
Pyrene Pyr CeHp 20226 156 404 | - 45x10° /
Benzo(a)anthracene B(a)A CigHio 228.29 159 435 2.1x107 OO
Chrysene Chr Cell, 122829 2% 48 . 64x10°

i

Benzo(b)fluoranthene B(b)F CoHiz ~ 25232 168 393 NR. e
Benzo(k)fluoranthene Bk)F CoHp 25232 217 480 96x101 OOQ
Benzo(a)pyrene B(a)P CooHiz 252.32 177 49% 56x10° O&
Indeno(1,2,3-¢,d)pyrene InP CoHp 27634 162 534 NR. O_O‘O :
®

Dibenzo(a,h)anthracene DbA CpHu 278.35 262 535 NR _OOQ
. . oo OCL
Benzo(g,h,i)perylene BghiP CoHy 276.34 273 52 1.01x10 OO

(Ming-Yen wey et al., 1998)
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VOCs(Volatile Organic Compounds)= @ L AA7F SA4S Ayl
A (Norback et al,, 1995), @ th7] & L&A A+E Aol (Derwent
et al, 1998), @ <HE Hslr] W&ol (Rappengluck and Fabian, 1999)

VOCst 993s doZd + A= 7FeAdol wg v 7= EFdvh
(1) VOC-OXes: #3}8t ©F3} peroxyacetyl-nitrate(PAN) Aol A&
A (FZ C2A C87F# ®<9le]l Alkynes B+ Alkanes), (2) VOC-TOXes:
=45 717 VOCs 83+, HAPs#t1 %= 3 (3) VOC-STRATs: & 3}
I AZYe, &8, 9h Agd ®@3hga), (4 VOC-CLAIMs: &4 4
e P AR Aoste sgEolth 4 R B, F 7hY
IFS F/MA S ded, shtE VOE-FORMs®  VOCs & d o] #3}3}
Al AstE Ed &= =4 (PAN; Aldehyde), WH A st
semi-VOCs& = 3749 o} 2} o | 7} Hel= =2 o] tH(PAHS,
Pesticides)(Tsuneaki, 1995).

Table 4¢] ¥ AoA £4¥ VOCs 6455 Ve E

(

s
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Table 4. VOCs 54 compounds

Compounds

Trichlorofluoromethane
1,1-Dichloroethylene
Methylene chloride

trans-1,2
—-Dichloroethylene

1,1-Dichloroethane
2,2-Dichloropropane

cis—1,2
—-Dichloroethylene

Chloroform
Bromochloromethane
1,1,1-Trichloroethane

1,2-Dichloropropene
Carbon tetrachloride

1,2-Dichloroethane

Benzene

Trichloroethylene
1,2-Dichloropropane
Bromodichloromethane

Dibromomethane

cis—1,3-Dichloropropene

Toluene

trans—1,3-Dichloropropene

1,1,2-Trichloroethane

1,3-Dichloropropane

Tetrachloroehylene
Chlorodibromomethane

1,2-Dibromomethane
Chlorobenzene
1,1,1,2-Tetrachloroethane
Ethybenzene
m-p—Xylene

o—-Xylene
Styrene

Isopropylbenzene
Bromoform
1,1,2,2-Tetrachloroethane

1,2,3-Trichloropropane

n-Propylbenzene
Bromobenzene

1,3,5-Trimethylbenzene

2-Chlorotoluene

4-Chlorotoluene

tert—Butylbenzene

1,2,4=Trimethylbenzene

sec—Butylbenzene
p-Isopropyltoluene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
n-Butylbenzene
1,2-Dichlorobenzene

1,2-Dibromo-3
—Chloropropane

1,2,4-Trichlorobenzene
Hexachlorobutadien
Naphthalene

1,2,3-Trichlorobenzene
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1.3 PCDD/DFs, PCBs, PAHs¢ VOCs¢ =4

PCDD/DFst 2¢FAl (Fingerhut et al, 1991; Steenland et al., 1999), W
o A3 (Weisglas-Kuperus et al., 2000), 223 A= o)A} 34177 <
D2 A AA o] (Guo et al, 2003), 744 o] (Pavuk et al., 2003), = 7]
5 A3let 7] 3A A(Shigematsu et al., 1978; Nakanishi et al., 1985) %

rir
[~
M
:(!)lj
ox
ftlo
i
D
i)
ot
o,
-y
>
i
flo
2
Ju
ox
o
)
-1}
off
Ay

12 2] congener
e Hole BoE ¢#A At (Tanabe et al., 1987).

Ho| &AL =He s 4@ Y ol A7 2s FFE AFPAIA
oA wjE¥E Tt (Olie, 11980; Environmental Protection Agency (EPA),
2004). ol€Al wEHE tholSAle 2378 TeCDD 1,2,3,78-PeCDD9
ZAATE 12 st A oldAEY HHEAATE SASHATE
A A skl Ao A4 B2 7hsk L /it

PAHsT= DNAW I &

Ao wlg FaA HUTLIEE PAHs/F @b I EdWol S 71X A

2 oA, o]F F A= AU BF Fol WY EAWYS

\r

faF3lt(Yan, 1985; Mix, 1986; Lehr and Jerina, 1977).

VOCs 4471 o), AAA 713, & % 5 QA 44T 9FL

do
=2
ol
&
rlot
o
o
Y
[
it
rlr
12

& SHHEPA, 2007).

ATl M= A5 784 A2 PCDD/DFsel NATO(North Atlantic
Treaty Organization)-TEF$} WHO-TEF(2005), PCBs°ll WHO-TEFE %
€3} a1, o] = Table 5, 69 ERA ST
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Table 5. International toxic equivalency factors(NATO, 1987)
and WHO(World Health Oraganization)-TEF(2005)
for PCDD/DFs

I-TEF WHO-TEF
PCDDs 2,3,7,8-Tetra-CDD 1 1
1,2,3,7,8-Penta-CDD 0.5 1
1,2,3,4,7,8-Hexa-CDD 0.1 0.1
1,2,3,6,7,8-Hexa-CDD 0.1 0.1
1,2,3,7,8,9-Hexa-CDD 0.1 0.1
1,2,3,4,6,7,8 Hepta-CDD 0.01 0.01
OCDD 0.001 0.0003
PCDFs 2,3,7,8-Tetra-CDF 0.1 0.1
1,2,3,7,8-Penta-CDE 0.05 0.03
2,3,4,7,8-Penta-CDF 0.5 0.3
1,2,3,4,7,8-Hexa-CDF 0.1 0.1
1,2,3,6,7,8-Hexa-CDF 0.1 0.1
1,2,3,7,8,9-Hexa-CDF 0.1 0.1
2,3,4,6,7,3-Hexa-CDF 0.1 0.1
1,2,3,4,6,7,8-Hepta-CDF 0.01 0.01
1,2,34,7,8,9-Hepta-CDF 0:01 0.01
OCDF 0.001 0.0003
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Table 6. World Health Organization(WHO)
factors for PCBs

toxic equivalency

WHO TEF(2005)

Non-ortho-PCBs

Mono-ortho-PCBs

33" 44" -TCB (77)

344" 5-TCB (81)

33" 44" 5-PeCB (126)
33" 44" 55" -HxCB (169)
2,337 44" -PeCB (105)
2,344 " 5-PeCB (114)

2,37 44" 5-PeCB (118)
2.~S4 1N Re(ENE 28
0¥ 44—5~HXCBti50)
2,337,445 -HxCB (157)
2,37 4¢F 55 HEE (167
238",44° 55" -HpCB (139)

0.0001
0.0003
0.1
0.03
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003

()=IUPAC(International Union of Pure and Applied Chemists) No.
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2. 490

21 N8 AF AGY 54 R 7138%

2= A AlEE 20109 195Y 49704 € HE 1314 F 40 A
st om, AlgAF A Fe 9xe HEE Table 791 YEFUSI o, Fig. 4
of A& e $1AE el A

Table 7. The locations of sampling sites

G H K S

Longitude 127 527 27" 126850 s 127 477 257 127 45" 47

Latitude 34° 537 44" 34° 48" 36° 34° 57 49” 357472

A A= AHE A e s AR FAAY 5 FH Adow x
How, Fig. 40l Zh Ao 91X ek AuAHA7I st THEE U
YAt AsAHAAG-KE ZA5e 2-94135° 3kmA o] A ghsl= w47}
Aom, ok 220° 42km A FHo AHATF AT o= o}
= 7 Ad e MastE b s iAol A UEbH FuEoela, bt d
7} oF 8~10kmA =2 A7t Do 3o HeF SAFA Fuxo]
th ool a, co AHA} B FFo] o= AE A FOE AR
At

Table 8 Al=ANF 717 s2tke] 714@A%, AH Aol K& F24dFd9
Aol 2 TSP FAE e At

il

o
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J . Sach'on N

\ ""'_ | samchionp

4. Zkm

Fig. 4. Map of the sampling locations. —
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Table 8. Atmospheric conditions, TSP concentration and total

adsorbed flow of High Volume Air Sampler

Mean mg, (m”)

Sampling periods Rain  Temp. RH

(mm) () (%)

G H K S

0.0840 0.0799 0.0643 0.0986
(1008)  (1008)  (1008)  (1008)

January 28 - 29 X 4.8 41

0.0989 0.1080 0.1175 0.1268
(1008)-.. (985)  (985)  (987)

February 22 - 23 X 49 70

01071 = 0.0997 0.1017 0.0967
(1008) +(999)  (1002)  (969)

March 16 -/17 X 4.3 37

0) 0.0225 0.0214 = 0.0288 0.0168
April Ply =22 11.8 79
(36) (1008)  (983) - (1017) (1015)
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22 A8 AH W9

7] Foll SR 7had AR A AR A 2R-S 98 2
€% A5 a3 7] (High Volume Air Sampler, HV-700)° Z7]-$-#&hE
(Polyurethane foam, PUF, SIBATA)¥ 2143 %](Glass Microfibre
Filters, 20.3x25.4cm, Whatman)& “&2A]# 700L/min ¢ f+3o =2 24A]7F

QA4 Qe xR AEHE RPATIRAE ST AULTRA
RESI-ANALYZED, J. T Baker, USA)# o} A =(ULTRA
RESI-ANALYZED, J.T.Bakery USA) %2& =FdFE #adol7bHA 1A7F

A 33 upAERe opAEO R 308 259 AlA F oA EWAIL Al E
= T

7 x] Ao AM Hx & ETE A 218l 600C oA 5AIZF o] 714
3t -40 cmHgd 3o A& A AlelHel B ot 7haAr AR
XF A AAEEHE PUFE €802 16417 ol & F olAE HA7}

xS N PSRETEL X o
A7t ZHE FOH oA

s AlolE ol 5 ol A F AR A5 FAAE AbeH.
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Fig. 5. High Volume Air Sampler for particulate and gas

compounds.

VOCs2gow At83¥ SZHEM(Carbotrap 300 Multi-Bed Thermal
Desorption Tubes, Gerstel)2 50-200mL/min®] F# oz AALE SHFH
A 250CollA SAIHH AR F ARSSERATE EFAS L F 124158 Al
A7kl gk A, 150mle] frFe 2 SLEASIATE Fig. 69 E£3 Al 2184
GS-1 7F2=AZ2(Gas Sampler, Gerstelil)S WeERA L )

Fig. 6. GS-1 Gas

Sampler(Gersteljit) for
adsorption of VOCs samples.

_21_



AE gAAlEHe BAHE PG RE AFZ, AR 05cm A7 R
e ¥ &Edl <ke]  8ROIAN(THIMBLE  FILTER,  45x150mm,
ADVANTEC)d ml&e] JE FRAAE HHom K
(Na2504, KANTO CHEMICAL)S &% i 16A17F o4& =574
= FEo0th ¥E B PUFE £E89 5 FAE 1643 o]dS o}
Ass M2 8t F=sklvh %, A& PAHs W§x+ &2
(ES-2528, Cambridge Isotope Laboratories, USA)<S 500pg 5 &titt. z

7] FE49 Sl 3 A58 5 =7 (Rotary Evaporator, N=1000, EYELA)S

>0

o F5%el0mle] &vl T 1mle PAHs#4
of Abg¥qa, YA 9mlE= n-Nonane(Pesticide residue analysis, Fluka)
00umsE H7E &, AAE purgeste] Hexanes(n-Hexane 95%, ULTRA
RESI-ANALYZED, ]J.T.Baker, USA)& &u|E #$ta}3it).

24 A8 AA =Y

vl AgE Age YR EFHOE A5 98 PCDD/DFs 4 A
AlgE = WREEFEZH(EPA-1613LCS, Wellington Laboratories, Canada)

7 DL-PCBs &4 Al A&5+= UWHFIZTEZ(BGIA-LCS, Wellington
Laboratories, Canada)s 717t 1000pg +Hstith. Als+ Fig. 79 ©&
A 2] 7} A (70-230 mesh, Merck) Z# AZulEaHd 2 AA s 2

S AuAd F g H3E ARE HHI

Ein

11 Hexanes 23] A% 3}
A F9 A o= Hexanes® 60ml=E £33, F HA HF o

4] 10% CHyCly/Hexanes 100mlZ £&3}] 3| A= F5=7]2 10m7HA] &
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=3tk A 289 10ml 5 3ml= DL-PCBs 2415 98 22 30u71HA
5okl FFE SAE et R ETFEZ(GSA-ISS, Wellington

2
>

Laboratories, Canada)< 1000pg #7}ste] 48 A8 =2 3 tH(Miyata
et al, 1994; Ok et al, 1999). 7 WA 3 A5t A=A 30u7FA]
5 ¥, 4" DL-PCBs¢ §AAM A2l wA 30w7HA4 &5 F,
Total PCBsE w4 &ttt 3 £39°] "m= PCDD/DFsE s=38tal el
249 AAZ &l 600TolA 242z FAsE GFuHBAHE T
70-230mesh, Merck) ZH-E& THAIA FFatdnh. A 1A FgA=

3% CHoCly/Hexanes 70m(, S+ & &3 o] A

re
Sx,
&
X
Q
=
Q
=
an
9
el
Q)
=)
)
107]
0
S
=]
ISS)

2 &9 o T F WA A &EEH SE IAFTUEZIIR
TET 5 AAA 20u THAE S0 LB TS SABS A WFREEEH
(EDF-1613I$S, Wellington Laboratories, Canada)S 1000pg 3 7}3ste] #
A8 A g2 3t (Miyata et al,, 1994; Ok et al., 1999).
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F— 15 mm

Anhydrous Na,; SO ,
10%6 AgNO ; -silica gel

Silica gel

300 mm 22% H380 ,—silica gel
44%% H,80 ,—silica gel
Silica gel
22 KOH -silica gel
Silica gel

—
ES
j‘j_ 12 mum
Anhydrous Na SO,
250 mm ] F

Activated alumina 10 g
Anhvdrous Na SO,

i

Fig. 7. Multi-layer silica gel column chromatography(upper) and
activated alumina column chromatography(lower) for PCDD/DFs

analysis.
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TSP, PU

Soxhlet Extraction

Concentration with rotary evaporator

Transfer to Hexanes (9m€)\—l PAHs analysis (1m{)

Multi-layer silica gel column chromatography|

(1st fraction : Hexanes 60ml)

(2nd fraction : 10% CHxClo/Hexanes 100mf)|

~—Dioxins analysis (7ml)
\4
Total PCBs analysis DL-PCBs analysis (3ml)

Activated alumina column chromatographyl

(1st fraction:+ 3% CHsCly/Hexanes 70ml))

(2nd fraction : 50% CH-Cl,/Hexanes 80m{)

Final concentration : Dioxins 2040, PCBs 300

HRGC/HRMS SIM analysis|

Fig. 8. The experimental process of PCDD/DFs, PCBs, PAHs.
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25 7171274 2 49y

2.5.1 4717

PCDD/DFs¢} PCBs #41e Agilent-6890 3lls 7F~a2vpE 1)L
(High resolution gas chromatography, HRGC)¢} JMS-700D &35 &
22 A A (High resolution mass spectrometry, HRMS)7} AF& 501,
PAHs #Ao] Agilent-6890N 7t~ ZwlE 1832} Agilent-5975 inert
mass  selective  deteetor(GC/MSD)7F -~ AFEH A3, VOCs 249
Agilent-6890 7Fx=ARwlEI Y9} Agilent-5973 . mass  selective
detector(GC/MSD)$} 234 Gerstel jilie] TDS/CIS Al 28l1S AF&-3F3l )

2.5.2 PCDD/DFs 717124 =4

o

PCDD/DFs¢] &4< 9slwPCDD/DFs®| 2 A 270 o2& o]

M

-
it

[}

=]
n
243 A4 A8 % PCDD/DRse] A&vfE 12 va WA ate] A

=
o

A9 (Relative response factor, RRF)Z alo] A A/ =3t}

A AREE B RS, ASE Ao FUF 4~671% sHEE
+ SP-2331(60m length, 0.25mm inner diameter, 0.2um thickness, Supelco
i) 3, 7~8%1 3t3tES DB-5MS(30m length, 0.25mm inner diameter,
0.25/m thickness, J&W Scientific)7} AF-8% 2t} PCDD/DFs®] 4] A}
€H WFEEEdE Table 99 Yebldth &4 =32 Table 129 e}
Wi, 2t 25 o2 o] 2H| &S Table 110 YeER AT

i
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253 PCBs 717184 %4

ez o] &7 &= (Selected ion monitoring, SIM)¥  Arthukg A<=
(Relative reponse factor, RRF)E F3}o] AA/A =33 ot

PCBs9 UHF 3% +E2 S Table 100 243712 Table 120 YERUSITE
25.4 PAHs 717184 =4

PAHs #20] A8 7128238 HP5-MS(30m length, 0.32mm
inner diameter, 0.25um thinckness)7} AF-&% At Table 13°] 4] 9

AgE 7 2EE oS3 oleu g, @Al 2AL tE

255 VOCs 717184 =4

AZntE 13 (Total Ion Chromatogram: TIC)S e Atk
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Table 9. Mass Labeled compounds of internal

standards solution (EPA-1613LCS), Wellington Inc.

PCDDs PCDFs

2,378~ TeCDD (C15,99%) 2,378~ TeCDF (*'C1,99%)
1,2378-PeCDD (C15,99%) 1,2378-PeCDF (¥'C1,99%)
1,2,34,78-HxCDD (*C12,99%) 2,34,78-PeCDF (*C12,99%)
1,2,3,6,7.8-HxCDD (C12,99%) 1,234,78-HxCDF (“C15,99%)
1,2,34,6,7.8-HpCDD (*C15,99%) 1,2,36,78-HXCDF (*C15,99%)
OCDD (*C12,99%) 1,2,37,89-HXCDF (*C12,99%)
2,34,6,73-HXCDF (*C15,99%)

1,234,678-HpCDF (*C12,99%)

1,234,7.89-HpCDF (*C12,99%)

Table 10. Labeled compound stock solution (68A-LCS),
Wellington Inc.

DL-PCBs IUPAC No.
3,44’ 5FeCB -(*°C15,99%) 81
3,3’ 4,4’ ~TeCB(*C1,,99%) 77
2,3,3',44'-PeCB (C12,99%) 105
2,34,4' 5-PeCB (7C12,99%) 114
2,3',44' 5-PeCB (*C15,99%) 118
2',344' 5-PeCB (*C15,99%) 123
3,3',4,4’ 5-PeCB (*C15,99%) 126
233" 4,4’ 5-HeCB (*C15,99%) 156
2,33 44" 5 -HeCB (*C15,99%) 157
2,3' 44" 55 -HeCB (**C12,99%) 167
3,3',44' 55 -HeCB (*C12,99%) 169
2,33 44' 55 -HpCB (*C15,99%) 189
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Table 11. Quantitation mass and ratio of molecular in group of

PCDD/DFs
Homologue(native) M (ratio) M+2 (ratio) M+4 (ratio)
TeCDDs 319.8965 (77.43) 321.8936 (100.0)
PeCDDs 353.8576 (62.06) 355.8546 (100.0)
HxCDDs 389.8157 (100.0) 391.8127 (80.66)
HpCDDs 423.7766 (100.0) 4257377 (96.64)
OCDD 457.7377 (88.80) 459.7348 (100.0)
TeCDFs 303.9016(77.55) 305.8987 (100.0)
PeCDFs 339.8957 (100.0) 341.8567 (64.57)
HxCDFs 373.8208 (100.0) 3758178 (80.54)
HpCDFs 407.7818 (100.0) 409.7789 (9652)
OCDF 441.7428 (88.89) 443.7399 (100.0)
Homologue
(labelled)
¥C1o-TeCDDs 331.9368 333.9339
C1o-PeCDDs 3658978 367.8949
¥Cp-HxCDDs 401.8559 403.8530
¥C1,-HpCDDs 4358169 437.8140
¥C1,-0CDD 469.7779 471.7750
¥C15-TeCDFs 3159419 317.9389
¥C1y-PeCDFs 351.9000 353.8970
C1o-HxCDFs 3858610 387.8580
¥C-HpCDF's 419.8220 421.8191
¥C12-OCDF 453.7830 455.7801
Lock
330.9792
PFK
4309729
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Table 12. Instrumental analysis conditions of HRGC/HRMS for PCDD/DFs and DL-PCBs

Items

4-6 PCDD/DF's

7-8 PCDD/DFs

Total-PCBs

GC/MS

Column

Oven

Carrier gas

Injection mode

Tonization mode

Ionization energy

Injector temp.

Ton Source temp.

Resolution

HP6890 GC/JMS700D MS

SP-2331
(60 mx0.25 mmx0.2-m)

100C (1min)—20€,/min—200TC
—2C/min—250C (29 min)

Helium 1.2 ml/min

Splitless

EI+

38 eV

250C

250C

>10,000

HP6890 GC/JMS700D MS

DB-5MS
(30 mx0.25 mmx>0:25 1m)

150C (1 min)—10C/min—2°0C
—5C/min—300C (4 min)

Helium 1.2 m{/min

Splitless

EI+

38-eV

280°C

280C

>10,000

HP 6890 GC/JMS700 MS

HT-8
(50 mx0.22 mmx0.25 )

0T (2min)—15C/min—160C
—35C/min—300C (8 min)

Helium 1.1 mf/min

Splitless

EIl+

40eV

280°C

280°C

>10,000
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Table 13. PAHs GC/MSD Selected ions and instrumental
analysis condition of GC/MSD

Compounds Selected ion(m/z) RT(min)
Naphthalene 128 129 4.62
Acenaphthylene 152 153 9.59
Acenaphthene 154 153 10.22
Fluorene 166 165 12.38
Phenanthrene 178 179 16.67
Anthracene 178 179 16.82
Fluoranthene 202 200 22.12
Pyrene 202 200 23.08
Benzo(a)anthracene 228 229 2878
Chrysene 228 229 2892
Benzo(b)fluoranthene 252 253 3345
Benzo(k)fluoranthene 252 253 33.55
Benzo(a)pyrene 252 250 34.61
Indeno(1,2,3)pyrene 206 277 38.78
Dibenz(a,h)anthracene 216 277 3895
Benzo(g;h,i)perylene 218 279 39.59
Item Conditions
GC/MS Agilent 6890N/5973MSD
HP-5MS (30m length, 0.25mm inner
Column
diameter; 0.25um thickness)
Ion source temp. 230C
Injector temp. 280°C

Carrier gas
Injection mode

Tonization mode

GC oven program

Helium (1.00 m{/min)

Splitless

EI mode

80T (Imin) — 5C/min — 280°C (Omin)
— 10C/min — 300C (10min)

—

320°C_(7min)
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Table 14. Instrumental analysis conditions of the TDS (Thermo
Desorption System), CIS (Colled Injection System)
and GC/MSD

TDS (Thermo Desorption System, Gerstel)

Initial Temperature 30T
Final Temperature 250C
Condition 60 C/min

CIS (Cooled Injection Systems, Gerstel)

Initial Temperature -100C
Final Temperature 220C
Condition 12°C/sec
GC/MSD
GC Agilent-6390 GC
MSD Agilent 5973 MSD
Flow Helium 1.2 ml/min (constant)
Temperature 35T (5min) — 3C/min = 60C — 5C/min — 150C —

2C/min — 190C — (8min)
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Fig. 9. Total Ion Chromatogram of analyzed standard compounds.
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3. 234 € &
3.1 PCDD/DFs, PCBs, PAHs, VOCsY 8% % EX

3.1.1 471 5 PCDD/DFs9 T=&#¥ 4 54

98k washoutol]l &S WA &2 1~39 A5 H s TS w0 49 A
29 Fxg FEEo Table 159+ Table 16°] YeERfSlth 1~3¥€ PCDD/DFs
homologueE H s % WE 1.11~146(3 1 1.26)pg/m’, PCDD/DFs isomer
o] HYE 046~0.62(3 T 055)pg/m’ s ZAtF ol AW % 7S FAHg A
o2 ZAEAJY. 17%F isomerel NATO-TEFZ 283 o W9l 1923~
37.60(3 i 28.45)fg I-TEQ/m’o. & ZAlH e}, 7+ A ¥& el 7] t}
77154 600fg I-TEQ/m’sl Mlusle] Frj o wj$ e FFoz ZAE T
PCDD/DFs isomers® ‘s%&°] I-TEF 2 WHO-TEFZ % &3k o}
vl g A5 Table 171 BT A& AF AHA G H K, S BF o2 <
Tol HlE TRt @A WS FEOE EARE G
oAy AygolM, 1~38 A8 AFH AH G, H, K SlAHY 7tad-dxde &

& % wrol M YHFEE

Al

H] 82 'homologue°ll 4] 75.68%, 70.63%, 71.92%,
78.69% % FAME R o™ isomerol M= 84.78%, 84.31%, 83.52%, 83.71% = ZA}H o]

o] A AF(Kim et al, 2002074F7 FASA A2g GG FE ¥

F9e  washoutol GBS we 499 AReAE AprAdAe FEi
homologue®} isomer”} H|SZstAY, Zw Aolg HIoY, YJANY TR
homologue®] 7%, ¢ 90%, isomer®] 7

Aoz ZALE G Oow, oo Slinn et al. (1978)> 7] < <l
=
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(2008) Ao <93t ofoj2EF9] scavenging S 7] F  semivolatile,

involatile 7] S9EAE9 714 F83F AA HAHo=E AW Yt} o]
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Simcik(2004) %= w7HA 2 A4S d7] T LAE=EdEY] T8 AA wAY
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Table 15. Average homologue concentration of PCDD/DFs during non-precipitation and precipitation (unit:pg/m>)

non-precipitation (Mean concentration) precipitation
Compound Gas (Jan.~Mar.) Particle (Jan.~Mar.) Gas (April) Particle (April)
G H K S G H K S G H K S G H K S
T4CDDs 0.02 006 008 003  .004 004 008 004 004 004 006 004  ND. 00L 005 ND.
P5CDDs 001 001 001 001 006 005 008 005001l 001 001 001  ND. 001 003 ND.
H6CDDs 001 001 003 001 007¢ 006 007 007 001 ND."ND. 001 001 003 001 001
H7CDDs 002 001 002 001 005 005 006 008 ND. ND. ND. ND. 001 001 ND 001
O8CDDs 002 001 001 001 006 007 009 009 001 ND. ND. 001 001 ND ND 001
T4CDFs 014 020 020 016-: 014°.015 018 016 0127 020/ 019 012  ND. ND. 002 ND.
P5CDFs 0.02 003 005 004-.014 017 018 0.09-.004 ND. 007 004 ND. 003 001 ND.
H6CDFs 002 001 ND. 002 014 015 015 014" 001 ND. ND. 001 002 003 ND. 002
H7CDFs 001 002 001 001 010 010 010 013 001 ND. ND. 001 002 ND. ND. 002
O8CDFs ND. 001 ND. ND. 004 005 006 011 { NND. ND. ND. ND. 001 ND ND 001
Total concentration 027 037 041 026 084 08 105 09 @ 025 025 033 025 008 012 012 008

N.D.(Native/Signal ratio<3)
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Table 16. 2, 3, 7, 8-substances concentration of PCDD/DFs during non-precipitation and precipitation (unit:pg/m>)

non-precipitation (Mean concentration) precipitation

Compound Gas (Jan.~Mar.) Particle (Jan.~Mar.) Gas (April) Particle (April)

G H K S G H K S G H K S G H K S

2,3,1,8-TCDD N.D. ND. ND. ND. ND. ND:—ND. ND-~ ND. ND. ND. ND. ND. ND. ND ND.
1,2,3,7,8-PeCDD N.D. ND. ND. ND. ND. ND. ND." 001 : ND.-ND. ND. ND. ND. ND. ND ND.
1,234,783-HxCDD N.D. ND. ND. ND.. ND. ND. ND. 001 - ND. ND.  ND. ND. ND. ND ND ND.
1,236,78-HxCDD ND. ND. ND. ND. ND. 001 ND. ND.: ND. ND. “ND. ND. ND. ND ND. ND.
1,23,789-HxCDD N.D. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND ND.
1,2,3,46,7,8-HpCDD  0.02 001 001 /001l 004 004 005 7004 002 001 001 001 | ND. ND. ND. ND.
OCDD 0.03 002 002 002 010/ 011 014 014 003 ND. ND. 002 ND. 001 ND. 001
2,3,7,8-TCDF 0.01 ND. 001 001 001 001 001 001  ND. ND. 002 ND.: 001 001 ND. ND.
1,2,3,7,8-PeCDF N.D. ND. ND.| ND. 001 001 001 001 ND. ND. ND. ND. ND. ND ND ND.
2,3,4,7,8-PeCDF N.D. ND. ND. ‘ND. 002 002 002 ND. ND. 001 002 ND. ND. ND. 001 ND.
1,234,783-HxCDF N.D. N.D. ND. ND. 001 001 002 002 ND. 7001 ND. ND.:ND. ND. ND. ND.
1,23,6,78-HxCDF N.D. 001 ND. ND. 003 -003 003 002  00L-.001 002 ND. ND. ND ND 001
1,23,7,89-HxCDF  N.D. N.D. ND. ND. =001~ ND. ND. ND..“ND: ‘ND. ND. ND. ND. ND. ND. ND.
2346,78-HxCDF  N.D. 001 001 001 @ 002~ 002: 003 /007001 001 ND. 001 ND. ND. ND ND.
1,23/4,6,7,8-HpCDF 001 002 001 ND.: 010 010 011011 ND. ND. 001 002 ND. ND. ND. 001
1,234,7839-HpCDF N.D. ND. ND. ND. 001 001 002 001 001 ND. ND. ND. ND. ND. ND ND.
OCDF ND. 001 001 002 003 007 010 010 ND. ND. ND. 002 ND. ND. ND. ND.

Total concentration 0.07 008 007 007 039 043 054 055 008 005 008 008 001 002 001 0.03

N.D.(Native/Signal ratio<3)
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Table 17. Comparison of I-TEQ levels of PCDD/DFs

Range
Site : Reference
I-TEQ (WHO-TEQ) pg/m’
G N.D.-0.019 (N.D.-0.013) this study
H N.D.-0.025 (N.D.-0.019) this study
K N.D.-0.038 (N.D.-0.025) this study
S N.D.-0.032 (N.D.-0.034) this study

Athens (Greece)
Hong Kong (China)
Taipei (Taiwan)
Manchester (UK)
London (UK)

Catalonia (Spain)

0.042-0.073

0.018-0.429

0.056-0.348

0.026-0.220

0.067-0.204

0.013-0.954

Mandalakis et al., 2001
Sin et al., 2002
Chang et al., 2003
Lohmann et al., 2000
Coleman et al., 1997

Abad et al., 2002

N.D.(Native/Signal ratio<3)
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Table 18. Average homologue concentration of Total PCBs during non-precipitation and precipitation (unit:pg/m>)

non-precipitation (Mean conentration) precipitation
Compound Gas (Jan.~Mar.) Particle (Jan.~Mar.) Gas (April) Particle (April)
G H K S G H K S G H K S G H K S

1-PCBs 4629 1189 5222 6889 .-018 013 047 003 5921 4959 6591 59.21 048 010 012 048
2-PCBs 1783 1773 2664 1871 075 047 1.02 099 2326 233.0 230.7 2326 ND. ND. ND. ND.
3-PCBs 60.17 2506 3658 2226 033 049 038 068 @ 2781 4151 2399 2781 026 011 015 0.26
4-PCBs 2964 657 827 663 049 053 061 051 @ 626 (766 (751 626 111 139 150 1.11
5-PCBs 380 212 226 245 006 004 031 026 @228 226 1327 228 ND. ND. ND. ND.
6-PCBs 159 083 079 09 003007 008 034 066 078/ 070 066 ND. ND. ND. ND.
7-PCBs 0.05 002 002 005003 003 005 002 -ND. ND. 023 ND.: ND. ND. ND. ND.
8-PCBs N.D. ND. ND. ND. ND..ND. ND. -ND. -ND. ND. 002 ND. ND. ND. ND. ND.
9-PCBs N.D. ND. ND. ND. 001 001 001 ND. ND. 001 005 ND. ND. ND. ND. ND.
10-PCBs N.D. 003 ND. ND. 005 006 004 005 001 003 002 001 002 ND. 002 002
Total concentration 3198 330.8 3665 2834 1.9 1.83 298 289 @ 3288 3349 3324 3288 187 160 178 1.87

N.D.(Native/Signal ratio<3)
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Table 19. Average concentration of DL-PCBs during non-precipitation and precipitation (unit:pg/m”>)

non-precipitation (Mean concentration) precipitation
Compound Gas (Jan.~Mar.) Particle (Jan.~Mar.) Gas (April) Particle (April)
G H K S G H K S G H K S G H K S

PCB 81 ND. ND. ND. ND. ND: ND. ND. ND. ND. ND. ND. ND. ND. ND ND. ND.
PCB 77 ND. ND. ND. ND. ND. ND. ND. ND:: ND. ND. ND. ND. ND. ND. ND. ND.
PCB 123 ND. ND. 001 /ND. ND. ND. ND. ND. ! ND. ND.» ND. ND. ND. ND ND. ND.
PCB 118 ND. 012 016 @ 015 001 ND. 002 007 i 015 010 011 015 ND. ND. ND. ND.
PCB 114 N.D. ND. ND.. ND. ND. ND. ND. ND.: ND.  ND. ND. ND. ND. ND ND. ND.
PCB 105 ND. 003 003 005 ND. ND. ND. 003 007 ND. 013 007 ND. ND. ND. ND.
PCB 126 N.D. ND. ND: ND.. ND.© ND. ND. ND. ND. 'ND. /013 ND. ND. ND. ND. ND.
PCB 167 ND. ND. ND. ND. ND. ND. ND. ND. NDs ND: ND. ND. ND. ND. ND. ND.
PCB 156 N.D. ND. ND. ND."ND. .ND: ND, ND:/ ND.-ND. ND. ND. ND. ND. ND. ND.
PCB 157 ND. ND. ND. ND. ND. ND- ND. -ND. | ND. ND. ND. ND. ND. ND ND. ND.
PCB 169 ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND. ND ND. ND.
PCB 189 ND. ND. ND. ND. ND. ND. ND. ND.: ND. ND ND. ND. ND. ND ND. ND.
Total concentration N.D. 015 019 020 001 ND. 002 010 022 010 037 022 ND. ND. ND. NUD.

N.D.(Native/Signal ratio<3)
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Table 20. Comparison of Total PCBs concentration

Site Range (ng/m”) No of 2PCBs Reference
G N.D.-0.08 209 this study
H 0.10-0.73 209 this study
K 0.19-0.57 209 this study
S 0.06-0.79 209 this study
Ansung (Korea) 0.07 24 Yeo et al., 2003
Chicago, IL
7.55-20.26 108 Holsen et al., 1991
(USA)
Scania (Sweden) 0.007-0.98 51 Backe et al., 2000
Athens (Greece) 0.35 38 Mandalakis et al., 2002
Garcia—Alonso and
Madrid (Spain) 0.12-4.30 31

Perez—Pastor, 2003

N.D.(Native/Signal ratio<3)
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Table 21. Average concentration of PAHs 16 compounds during non-precipitation and precipitation (unit:ng/m”)

non-precipitation (Mean concentration) precipitation

Compound Gas (Jan.~Mar.) Particle (Jan.~Mar.) Gas (April) Particle (April)

G H K S G H K S G H K S G H K S

Naphthalene 233 099 132 124 008 005 ND. 002115 100 101 107  ND. ND. ND. ND.
Acenaphthylene 052 036 090 030001 ND.- 009 ND. ND.-ND. ND. ND. ' ND. ND ND ND.
Acenaphthene 026 026 012 010 . 007 194 087 ND. ND. ND. ND. ND. ND. ND. ND.  ND.
Fluroene 290 324 417 232 002 .0.03 ND. ND. 099 081" 094 107  ND. ND. ND. ND.
Phenanthrene 6.73 667 1045 498 082 080 089 068 297 257 1424 417 ND. ND. ND. ND.
Anthracene 032 109 354 179 003 004 ND., ND. 325 ND. ND. 035 ND. ND. ND. ND.
Fluoranthene 183 147 277 127 ¢ 122 109 132 095 086 061 125 115 017 N.D. 013 N.D.
Pyrene 116 097 197 083 : 08 074 099 065 055 040 /087 081 | ND. ND. ND. N.D.
Benzo(a)anthracene N.D. ND. 003 'ND.. 038 031 037 023 | ND: ND.. ND. ND. ND. ND. ND. N.D.
Chrysene 016 029 013 =“ND. =083 069 111 060 ND. ND. 029 021 @ ND. ND. ND. ND.

Benzo(b)fluoranthene  N.D. N.D. N.D. N.D. ©077 047 093 038  N.D. -ND. ND. ND. ND. ND. ND. N.D.
Benzo(k)fluoranthene N.D. N.D. ND. ND. 072 =019 080 036 ~-ND. ND. ND. ND. ND. ND. ND. ND.
Benzo(a)pyrene ND. ND. ND. ND. 026 026 ND. 011 | ND. ND. ND. ND. ND. ND. ND. ND.
Dibenzo(ah)anthracene N.D. ND. ND. ND. 061 029 036 ND. ND. ND. ND. ND. ND. ND. ND. ND.
Indeno(1,2,3-c,d)pyrene  N.D. ND. ND. ND. 009 004 ND. ND. ND. ND. ND. ND. ND. ND. ND. ND.
Benzo(ghi)perylene N.D. ND. ND. ND. 038 015 021 ND. ND. ND. ND. ND. ND. ND.  ND. NJD.
Total concentration  16.22 1536 2539 1282 714 708 793 399 978 539 860 883 N.D. ND. ND. N.D.

N.D.(Native/Signal ratio<3)
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Table 22. Comparison of BaP concentration

Site Range (ng/m’) Reference
G N.D.-0.26 this study
H N.D.-0.26 this study
K N.D.-0.80 this study
S N.D.-0.36 this study
Seoul (Korea) 2.55 Park et al., 2002
Tsuen Wan (Hong Kong) 0.377 Choti et al., 2002
Guangzou (China) 4.44 Bi et al., 2003
Sydney (Australia) 0.245 AEPA(2002)
London (UK) 0.05-0.36
NAWDENI, 2000;
Manchester' (UK) 0.1-1
Prevedouros et al., 2004
Middlesbrough (UK) 05
Los Angeles (USA) 0.025-0.52 CARB, 2002; Park et al,
San Francisco (USA) 0.05-0.53 2001

N.D.(Native/Signal ratio<3)
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Table 23. Average concentration of VOCs (unit: ng/L)

Compound G H K S
Trichlorofluoromethane 0.74 1.66 1.64 0.67
1,1-Dichloroethylene N.D. N.D. N.D. N.D.
Methylene chloride N.D. N.D. N.D. N.D.
trans—1,2-Dichloroethylene N.D. N.D. N.D. N.D.
1,1-Dichloroethane N.D. N.D. N.D. N.D.
2,2-Dichloropropane N.D. N.D. N.D. N.D.
cis—1,2-Dichloroethylene N.D. N.D. N.D. N.D.
Chloroform 1.10 1.75 2.08 1.09
Bromochloromethane N.D. N.D. N.D. N.D.
1,1,1-Trichloroethane 0.01 0.03 0.02 0.03
1,2-Dichloropropene N.D. N.D. N.D. N.D.
Carbon tetrachloride 0.34 0.58 0.48 0.30
1,2-Dichloroethane N.D. N.D. N.D. N.D.
Benzene 2.04 2.04 3.21 1.55
Trichloroethylene 451 3.08 1.42 2.58
1,2-Dichloropropane N.D. N.D. N.D. N.D.
Bromodichloromethane N.D. N.D. N.D. N.D.
Dibromomethane N.D: N.D. N.D. N.D.
cis—1,3-Dichloropropene N.D. N.D. N.D. N.D.
Toluene WA 23.51 22.87 22.39
trans—1,3-Dichloropropene ND. N.D. N.D. N.D.
1,1,2-Trichloroethane N.D. N.D. N.D. N.D.
1,3-Dichloropropane N.D. N.D. N.D. N.D.
Tetrachloroehylene 0.01 0.03 0.03 N.D.
Chlorodibromomethane N.D. N.D. N.D. N.D.
1,2-Dibromomethane N.D. N.D. N.D. N.D.
Chlorobenzene N.D. N.D. N.D. N.D.
1,1,1,2-Tetrachloroethane N.D. N.D. N.D. N.D.
Ethybenzene 1.63 1.76 1.5% 1.21
m-p-Xylene 1.12 1.58 1.34 1.12
o-Xylene 0.86 1.30 1.09 0.88
Styrene 0.62 1.00 091 0.81
Isopropylbenzene 0.29 0.55 0.80 0.58
Bromoform N.D. N.D. N.D. N.D.
1,1,2,2-Tetrachloroethane N.D: N.D. N.D. N.D.
1,2,3-Trichloropropane N.D: N.D: N.D. N.D.
n-Propylbenzene 0.02 0.07 0.08 N.D.
Bromobenzene N.D. N.D. N.D. N.D.
1,3,5-Trimethylbenzene 0.13 0.27 0.23 041
2-Chlorotoluene N.D. N.D. N.D. N.D.
4-Chlorotoluene N.D. N.D. N.D. N.D.
tert-Butylbenzene N.D. N.D. N.D. N.D.
1,2,4-Trimethylbenzene 0.73 1.17 094 091
sec-Butylbenzene N.D. N.D. N.D. N.D.
p-Isopropyltoluene N.D. 0.07 0.11 N.D.
1,3-Dichlorobenzene N.D. N.D. N.D. N.D.
1,4-Dichlorobenzene N.D. N.D. N.D. N.D.
n-Butylbenzene N.D. 0.01 N.D. N.D.
1,2-Dichlorobenzene N.D. N.D. N.D. N.D.
1,2-Dibromo-3-Chloropropane N.D. N.D. N.D. N.D.
1,2,4-"Trichlorobenzene N.D. N.D. N.D. N.D.
Hexachlorobutadien N.D. N.D. N.D. N.D.
Naphthalene 0.02 1.64 1.96 0.29
1,2,3-Trichlorobenzene N.D. N.D. N.D. N.D.
Total concentration 36.40 42.10 41.78 34.82

N.D.(Native/Signal ratio<3)
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Table 24. Comparison of BTEX concentration

concentration (ng/L)

Site Reference
Benzene Toluene Ethylbenzene Xylene
G 2.04 22.23 1.63 1.98 this study
H 2.04 2351 1.76 1.88 this study
K 3.21 22.87 157 2.43 this study
S 155 22.39 121 2.10 this study
(222‘61;) 3.48 26:29 3.31 14.67 Na Z%f)lmm’
(Ei;é‘;) 0.87 13.64 1.37 459 Kirgogg al,
L(OS%“ 383 821 218 9.13 Dzlrjvgggoet
( éf:;ﬁly) 1254 28.75 6.63 25.08 Fz‘psle.’n%gg;k
(nger;jzla) 15.29 30.97 5.30 23.47 Geigztg al,
S(acrﬁf‘eg)o 1584 31.91 691 32,18 Geelgztgal"
?ﬁifﬁ; 19.50 199.28 3885 116.65 Geelgztgal"
C}(lér;fr‘iz)‘m 30.50 286.27 1495 18.60 Ch;f“;gogo et

N.D.(Native/Signal ratio<3)
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3.2 PCDD/DFs 7} -9 A8 &9 (Gas-Particle partitioning)

AAL 713829 F7]-YAEul(Vapor-Particle partitioning)oll ¢]8] =95+
Ao Arsta 9t

Pankow, 1994; Pankow and Bidleman, 1992).
mepa] 2 AT A= AlE AFH AH" G, H K, SlAle] PCDD/DFs X &,
Junge-Panlow model#} Koa' absorption modelol] 2 -83}o] 7}24-dAde] 2wl &

dell thete] Pkttt
3.2.1. Junge-Pankow model

Junge(1977)+ linear Langmuir isotherm= 7% =2 3t 7] Fo /3t
v YA F2E segEAY vt &S Bl oE AAsta e, o

&9 AE AN,

o,

= ——
Pr+co

(1)

o] 7|4 O partical bound fraction®]™, c=0.172 Paxme] A2 A AL o

M, 0% 991RAT gAWEAS dede, Ple £x9 seEde] B - 5
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i Cotham and Bidleman(1995) ¥ Lohmann et al. (2000)¢] X 33+ S 2831
a, gzt A F7)9F PYLe Eitzer and Hites(1998, 1989)9] 7S o188t}

( Particle

TSP )/ Gas 2)

Kp=

o174, Particle® PCDD/DFs9 QA5 %pg/m)E  YEHL,  GasE
PCDD/DFs®] 7} 5% (pg/m’) el ™, TSPE #3% % (ug/m)E Lebd

(229 Kp Bl Al dzh 44 57190 PILS o4t A A3 e 2
Z Aot 7Yl mE ALY EAH 9] A9H 54§ vlaste] Fig. 2590 4
EFU Atk o] uj, = ZFk(particle fraction®] ko] 0, 100%)> A3t th. Fig. 2590 4]

A Aol B AT AHRE Junge-Pankow modelel 484171 A= A A A

SAH A9 T3k ALY FE S Holg FozZ ZALFESI O Alg F9
o7 s ddS oEy e AoE AsHH, VAR EUHGY] A5 Fo FH
7 Ba Ao AlmH,
3.2.2. Koa absorption model
Finiznio et al. (1997)¢] 119F3t Koazts ©] 83 Wl7] <+ aerosol®] 7F2=24- A}
A FERE Y Hrle] o] 837l ) Koa#t2 ()2 e= ndE F 3
logKp =1ogK,, +logf,, —11.91 (3)

A7, fome PRl FHE U= 771w FHFEE Fig. 2639 2ol 10%,

20%, 30%= &kl YERY AT
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Koa absorption modeldl] AF&% Koazt-& Harner et al. (2000)¢] ZHS <1831

a1, JAA; BE(particle fraction %)< g 2](4)& o]&3Fo] =&3F

K,TSP
b= (4)
(KpTSP+1)

ao] 10%0]8kel AFS vheh
vk wekA, 7 AHe ool

7] edBAEe HuHo] AR AA AH E: OE Adew oFae] A4

o

o
5]
A= AY, washout & ol o F4 HH<E Aoz A5 ¥ vh(Bidleman,

Wl Al et Byt RAE ST A doAA AR uFEE A log Kot

Z715 log POute] gAls A9#Q @AE el Aow Ay
Jeom, 71&7] m¥Ptye] A be JAG-7FER B8 HP o AEE HUheta o
=5 93 grom Abgst = 9t (Pankow and Bidleman, 1992). Pankow(1994)+=
o] wj, 7kAH | YA Fo]l o] sk we] o] Al o] EX 2 A m= -19] 7}7t
& Ao AYstn Jou, K omPLe e wstge] £x 2

Aol a7l WEdlgagss Astel Hoskal e ZadAE Loty

ins
N
off
k1
<y
1o
rlot

N
1o
ol
ol
2 o
i
dlo
lo
b
o
S
filo
42
ofo
off
ol
;R
Ry
>
il
:)i_z
e
do
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i
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o
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2 JogKoa¢te]l A##AE Table 250 LERH ST
log Kp =mlogP; +b, (5)

log Kp =mlogK,,+b (6)
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Table 25. Correlation of logarithm Kp versus logarithm P°. and Koa with

correlation coefficients(R), slopes(m) and intercepts(b)

log Kp =mlogP)+b, log Kp=mlogK, +b
m b r m b r
G -0.11 -2.07 0.04 0.16 -3.36 0.04
H -0.09 -1.04 0.05 -0.08 -0.57 0.02
K -0.43 -4.05 0.37 0.53 -8.40 0.18
S -0.22 -1.11 0.09 0.10 -3.20 0.04
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4. 8 R ZE

7] 5 PCDD/DFs, PCBs, PAHs, VOCs9] % o @ E3x9} 7f2aA-dAAt
T S gist AFAAE soketd o )

1. A8 1~34€ (non-precipitation)2] PCDD/DFs homologue®] i s%+& 1.11~
L46pg/m’, 17%(somer)e] #H# FEE  046~062pg/m’o2 =
NATO-TEFE &% [FTEQsX=+= =l 7] teolsAl fA47|srn v =
At o) B E Aot vl Aae o

7450l 2]8 washouto @ 49 A 592 AAFS] FEE=
TEHT 90~95% A% R e, o= washoutel 23} 5
71 25E AAHE FL& WAYUSFE 59 syl Aol 99 scavengingd o=
Sl = AT

Z} 217 ¢ PCDD/DFs homologue &S AukEA el tf7]e] sjedo g FolFlo
W 17% isomer®] 7 F-olA AgsE @A) S e o2 ALRHAT

5 Ee vl ek

2. AHd¥  1~3¥9(non-precipitation)®] Total PCBs® Hit FTE+ 291.29~
369.48pg/m®, DL-PCBs®| ¥ ¢ #F%% 0.01-0.30pg/m’ 2= %At 2 th. DL-PCBs
of WHO-TEFE % &3 WHO-TEQ%¥ =i N.D.~0.0lpg WHO-TEQ/m’e. 2 A}
HJh olde AFET nlwstd Total PCBse $EE AUdoezs G =35
LHER QAT

Total PCBs®} DL-PCBs®] sXolA] YA 7 Fol+= washoutd] o=z &
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3. A8 1~3¥9(non-precipitation)®] PAHs® H7 %% 16.81~33.32ng/m’ 2.2
ZARE 0w, BaPe] v HE Ak Hlagk A v pE o AT
H

BT Anen o] F sbagel Rk 444 FEun =4 dehon,

—_

4. AFE VOCse sk 39.77~57.82ng/L2 FAEQow, ZF 2 Ho 4 BTEX
shgh=el wR7h vl e BES Holw o FAESIY. wie] oy 24
7102 HdAEo 9J+= 3}3E(Benzene, Toluene, Xylene) 7| Ht} v =

To ZAEJoH, v AFAFele] BTEX % HAME gadoz e

Z} x| oA el BTEXZEe] Aa##AlE Ethylbenzene¥® Xyleneo] A ko,

ol AN M S Fu A5

-

Sol He M 0% AoR ARE

5. PCDD/DFs homologue$} 17% isomere] 4o]A 7F24r3 J=pAto] Ha
Zhel M Adsk 2ol FAlFR e, RO I dsE 220 AR Ao
gelsEglen, By =
1] A ol .

PCDD/DFs®] &%%& Junge-Pankow. modelell & &8F A3 7} A ga)]FH A -
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