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Abstract

Atmospheric concentrations of polychlorinated dibezo-p-dioxins and furans (PCDD/Fs) were investigated at
urban-residential (Group I: Suwon, Guri and Goyang), industrial (Group II: Ansan, Siheung and Bucheon), urban-
rural mixed (Group III: Yangju, Pocheon and Dongducheon) and rural regions (Group IV: Yangpyeong) in
Gyeonggi-do from February 2012 to November 2012 quarterly. The concentrations of PCDD/Fs ranged from 0.018
to 0.109 pg TEQ m™ in Group I(mean value: 0.061 pg TEQ m™), 0.059 to 0.367 pg TEQ m™ in Group II (mean
value: 0.179 pg TEQ m™), 0.072 to 0.836 pg TEQ m™ in Group III (mean value: 0.334 pg TEQ m™) and 0.014 to
0.066 pg TEQ m™ in Group IV (mean value: 0.034 pg TEQ m™), respectively. In spite of the less PCDD/F emission
sources than Group II (industrial regions), the level of PCDD/Fs in urban-rural mixed area showed the highest val-
ues with high fluctuation. It’s likely that the Group III was affected by fugitive emissions such like biomass burning
and unregulated open burning. The mean contribution of particle phase to total PCDD/F concentration was above
83% because most of PCDD/F congeners were partitioned into particle phase. We evaluated their gas-to-particles
equilibriums with the regression between the particle-gas partition coefficient, K, (m* ug™) and corresponding sub-
cooled liquid vapor pressure (P,). The logarithm-K, of PCDD/Fs was poorly correlated with P, at low ambient tem-
perature (below 10°C) and the slope (m) values for log-log plots of the K, vs. P, was steeper in the Group 2 and
Group 3 than residential area. It implies that the slope values were likely influenced by both the direct emission
source of PCDD/Fs and ambient temperature.
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t}o]2-Al (Polychlorinated dibenzo-p-dioxin and
dibenzofurnas; PCDD/Fs)2 ti®& <l IFAR71eF
E7 (Persistent organic pollutants; POPs)24] 373 &
o] £2 W7, AE 54, AN EY EHE A
Yl QIth(UNEP, 1999; Lohmann and Jones, 1998). ¢]
¥ POPse] E4o= lsf Q7he] A% T SHE YA
o] AFFE & 5 ol AFH e g s WU
HEHQ efdEdoln, 2E5ZF JoF ¥H o|F A
AAA QD BAle] F7ksta it ARAF71edEd
T Tol &AL Blo A oz WG SetEely, i
B2 2ZAAE T 22 A2 4 viEdolt
(Choi et al., 2008). o]5 332 A2 olE EAL
2 8 d AFHer HEHY oy, frEe
POPs= th7] ©]% (Atmospheric transport) %, AXl/5
4] 37 (dry/wet deposition)o]l &Ja EF £ofl 24 ¥
5 % HAFOE o|Fsto], FANEHA FFS H|
A= Aoz g AT (Abad et al., 2007; Lohmann et
al., 1999; Lohmann and Jones, 1998). o] %3 t}o]2-4]
QRES t7] o2 HiEHEE, o]o] YEt A HF
L FLT o] FS Tepsty] HAE t7] BUE Y
o3gto] #Q3}th(Heo and Lee, 2014; Wang et al.,
2000). AR A AAFEL Y& ) A7E A
of thet tho]&Ale tiet 7] EUHTF A9
H A (A F: L ALE A, ZH) A RE AAISHaL
AL (NIER, 2010), S =2 HF-E 22 4 &
o 99 7] T2 dof tigt Frhk 2 o] F AL
Qlo] (Heo et al., 2010; Lee et al., 2007; Oh et al., 2006),
FAA G tigt A9 EHLS A ET)o= A7
AUtk 3 ti7]2 viEE ool Al 7hAAT R}
4 Bz EASH, A4S B 52 A2 )
BE, 54 M2 FY Yo olFsh, YA A
254 Mz FH = o] FstA "t o] H ™ 7hA-¢d
A= 2 oA 7F ASe EAS gofste 8
gk QAztolH, A 54 Frleke ul 83 712A
22 B7-Eoh(Kim, 2005). £ dZoAE A7|E 10
A Aol thole Al mUHY AnE B A7/
A FE AFE Wrhst] AFHR7I 9B B
233 o] B Yug AFoul, ha-AR 2
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2.1 MEE X L A=HF

B71= W ti71E S L= Frtkstr] fsiA 11
13} Zo] 4 (SW), HH(AS), A1E-(SH), F3 (BO),
T2 (GR), %3 (YJ), 553 (DDC), ZH (PC), 1%
(GY), ¥ (YP) 5 107] A FefA AR Z- Al
& AFAHAA= LRt iy egE2dH 7)1 ARE
S e R B e L b
O]E]F-

107 ZARRGL T A]-FAA A (Group I: SW, GY,
GR), ZY9A4 (Group II: AS, SH, BC), =% E3x Y
(Group III: YJ, DDC, PC), ¥ &]X| < (Group IV: YP) &
o2 A 471X = FEHT Group 19] 4, g 2
T 7= W HEHA FAXFoH, FHo=
d7|iEAl o] Yl Aot 8 YrujE 2 Ed
< AsAet &2 ol HjEdolth Group Il F 4t
I A2 A7E W 7R (QHE Al AntE
FE)E AYI = HEZY FPAFolH, o]F A
dole ARARVILEEE 55 viEshs thdst H

SS9 (4= F)ol AU FAH AYL FHo| Gt
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Fig. 1. The location of sampling sites.
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Table 1. Metrological data and air pollutant concentration for sampling time.

Suwon (SW) Ansan (AS) Siheung (SH) Bucheon (BC) Goyang (GY)
Date

Feb. May Aug. Nov. Feb. May Aug. Nov. Feb. May Aug. Nov. Feb. May Aug. Nov. Feb. May Aug. Now.
m”sqlipeed 18 15 15 20 09 08 09 10 17 19 16 20 18 17 15 18 14 14 11 16
?"g’;” ©mP- 61 180 264 46 -54 179 267 53 -51 181 272 59 —64 185 265 44 —68 180 266 4.1
TSP(ugm™ 70 8 4 63 104 118 61 101 95 114 53 80 96 98 54 91 81 74 44 59
PMyo(ugm™® 48 55 26 39 47 63 44 48 54 63 33 47 59 57 33 49 58 66 45 48
SO,(ppm)  0.009 0.007 0003 0006 0011 0011 0.008 0006 0009 0010 0007 0006 0011 0007 0005 0.005 0010 0.005 0.004 0.004
NO,(ppm) 0077 0.052 0031 0074 0068 0043 0021 0097 0064 0046 0031 0086 0079 0050 0036 0079 0038 0033 0023 0.052
CO (ppm) 09 06 06 07 09 05 04 07 05 05 04 07 06 05 04 06 05 05 05 05

Yangju (YJ) Dongducheon (DDC) Pocheon (PC) Guri (GR) Yangpyeong (YP)

Date

Feb. May Aug. Nov. Feb. May Aug. Nov. Feb. May Aug. Nov. Feb. May Aug. Nov. Feb. May Aug. Nowv.
\(’::’;‘,jl)s‘peed 13 15 16 17 13 17 13 17 09 11 13 14 05 08 07 09 13 11 07 13
zv'éé)m ©MP- g5 172 216 29 -85 172 211 28 -93 174 213 23 -70 175 263 35 —-82 192 254 34
TSP(ugm™ 100 86 64 97 139 84 30 79 107 79 46 901 75 64 43 66 73 64 29 67
PMy(ugm™) 109 71 46 71 8 67 45 48 122 90 37 650 30 45 28 25 58 46 23 35
SO,(ppm) 0012 0003 0004 0007 0015 0007 0005 0007 0015 0008 0007 0006 0004 0004 0004 0004 0005 0.004 0.004 0.004
NO,(ppm) 0046 0.025 0022 0045 0059 0033 0017 0049 0075 0028 0019 0048 0059 0045 0029 0056 0054 0020 0011 0.027
CO (ppm) 08 04 04 06 08 04 03 06 09 04 04 06 08 04 06 06 08 05 04 06




258 3 Fol BHE A Folth. Group & A&
& (99 &5 EFZAZA, E3] AAU U
7 5ol 49 Bxsiy HZAE=E 9 A48sE &
AAGEY AFeg g2 EA4S Ed NYolth
(Kim and Choi, 2011). 3}, A, FF, STFH1L 0jA
HA @ 7| ujEAdo] Fol AbAfstar glem, 3,
H7]& 1% 9= (RDF: Refuse-Derived Fue)E ARE-
She &ZPAA (6712) 2 7HE =8, 9 59 4
A7t & F4F d7] wiE Lot WdskA ok
Group IV B AT 310 FAlo A4
3 FE Ao g tf7] wiEAldoe] gl AYelth

2012 19 F¢F B7]obch(2¥ 29~54U (AE), 5€
1729~20 (&), 84 104~132 (¢2), 119 142~172
(FF2) MELE AN AR AH Al 714 24
9 vt 7| HEHY s E & 1o 7hds] Ast
At

g7l = AFe stolBFAE (Sibata, HV-700F,
Japan)& AR&-SHEloH, o] Ael FUSHA AR A
# EPA-Method TO-9A dHdo] wet Saatglch
(Heo et al., 2010). ME= °’\f_’_ 400L min'&, 347t
MEY LS AAFH 3 ZHE FF2 1728 m°olch. ¢
A} 7t =g 47t /&%0}71 Q1A AL
(20x 25 cm; ADVENTEC, QR-100, Japan)e} T+ 719

Table 2. Recovery, limit of detection (LOD) and limit of quantitation (LOQ) on PCDD/F.
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PUF (Polyurethane Foam, length 5% 2 cm, diameter 9
cm; Sibata, 080130-0941A, Japan) Z+Z} L¥3le] 4

w4319t
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A (Heo et al., 2010)} Zo] 2+ EPA Method 1613

of wret stk 49UE L PUFE

%3] (Soxhlet extractor)E ©]-&3}o]
7F o)A =&35lg o, —?% el °Cy,-labeled EF

98 2ot 22 F G 9 oy

AANA S AASL B AT yEae

E

= 16A]

At

5 7t2aEntEado/dZFEA A (HRGC/HRMS,
Trace GC Ultra/DFS, Thermo Scientific, Germany)E
ol- &5t oH, s 10,000 olFolA Z+ FEA Y 2
7l o] & A elgt SIM (Selected lon monitoring) Mode
oA, Tho] &AL 2378-2)3 o] AA 172L 77+ A

= T

AIARFHP B Lo E ES718AMEE (Toxi-

city Equivalent, TEQ)Z X &3}7] ¢34 tho]

FWIES

=TT

A EAS5 744 (International-Toxic Equivalency

Factors, I-TEFs)E AR5}t tho|24l

==

219}

DB-5MS (60 m X 0.2 mm x0.25 um; J&W Scientific,

USA) ZE& AHgatse

AR & AATA

Recovery LOD LOQ
PCDD/F _ PCDD/F

labeled standard AV‘:i@lg(()%) native compounds pgm= pg m™
3C,,-2,3,7,8-TCDF 109.8+10.4 C.,-2,3,7,8-TCDF 0.001 0.005
C,,-1,2,3,7,8-PeCDF 111.0+10.1 C,»-1,2,3,7,8-PeCDF 0.004 0.015
C.,-2,3,4,7,8-PeCDF 11274122 C.»-2,3,4,7,8-PeCDF 0.001 0.005
$C,-1,2,3,4,7,8-HXCDF 100.8+11.0 C.,-1,2,3,4,7,8-HXCDF 0.003 0.010
C,,-1,2,3,6,7,8-HXCDF 98.3+10.7 C,»-1,2,3,6,7,8-HXCDF 0.006 0.019
BC,-1,2,3,7,8,9-HXCDF 104.9+12.7 C»-1,2,3,7,8,9-HXCDF 0.002 0.007
C.,-2,3,4,6,7,8-HXCDF 95.2+12.3 C.»-2,3,4,6,7,8-HXCDF 0.007 0.023
C,,-1,2,3,4,6,7,8-HpCDF 101.2+12.7 C.»-1,2,3,4,6,7,8-HpCDF 0.004 0.015
¥C,-1,2,3,4,7,8,9-HpCDF 91.1+13.7 C.»-1,2,3,4,7,8,9-HpCDF 0.006 0.019
C,,-OCDF 0.016 0.053

3C,,-2,3,7,8-TCDD 94.9+10.7 C,-2,3,7,8-TCDD 0.003 0.010
¥C,-1,2,3,7,8-PeCDD 107.4+14.7 C-1,2,3,7,8-PeCDD 0.006 0.020
$C,-1,2,3,4,7,8-HXCDD 94.0+11.2 C»-1,2,3,4,7,8-HxCDD 0.002 0.007
$C,-1,2,3,6,7,8-HXCDD 94.5+11.4 C.,-1,2,3,6,7,8-HXCDD 0.004 0.014
C,,-1,2,3,4,6,7,8-HpCDD 97.7+145 C.»-1,2,3,7,8,9-HxCDD 0.010 0.032
#c,-0CDD 91.5+13.1 C»-1,2,3,4,6,7,8-HpCDD 0.006 0.020
C,,-OCDD 0.006 0.020
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o] to|&Al Hat e 100+ 14%= H7-E 7
3]4&(50~120%) o| 2 FTZ 2HE Ho|u, AlF
Al 2z o)l d2A s F 2o vEEY A 5
A A Aol AR HAAFE BEde AR, °]
AAAER 73] ¥HE 24T AR 9 2EHA WS
HE3A (LOD), 10815 A=A (LOQ)= 2H35IA
o E v A9 Al A & (Blank)E 248t eH,
HETA (LOD)ET &2 oA s=& EAs)
.
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3.1 CHo|SA S5 22
A71% W 107 A9 e thol Al Ao 545
7} % B FEE 1Y 20) vehysich 371=A S )
o] tho] &4l B = 0.176pg-TEQ m 22 e}
shou], ol fge] Ay AT Aol vlw A, 259l
0.024, 18]~ 0.073, Z2EZF 0.066, o]&t&]|o} 0.098,
299l 7FRLF 0.095 pg-TEQ m™ gholl Hla) && 5
& F3 oy (Mari et al., 2008; Abad et al., 2007;
Coutinho et al., 2007; Caserini et al., 2004; Mandalakis
etal, 2002), =9 FHUAQET}= RS =9 E4
2 HolF3 QJth(Li et al, 2011; Li et al., 2008). 1%
ote] AT ATE AHE o A= d7] F thol&Al
LT 2000 0.482pg-TEQ m oA 60% o]AF ZHa
= 3= FAIE Eg2e (Min et al., 2013; Heo et al.,
2010), o]«= =W 9] tho|&Al vjE- ol thgt A e
723 2 A = T2 T8l thol &4l B vt o
2 Aoz wotE) sk 27 Fol A g 2009
RE 20139 =7 F) 9] 5744712 EH (POPs)
247 AgzA BIA (NIER)Y] G2w, 2y A%
9719 ol Al AW s+ 2+ 0.051, 0.046,
0.045, 0.038, 0.034 pg-TEQ m>(5¥7+ ¢ 0.043 pg-
TEQ mP)& ZAE Gl oH, B7|% A9 srE M=
H)sEET ¥& ST EEE Ho|x itk Y o
TSN L F 4vte] 22 o] F 45%7}F o
A= e, 53] A7z FFH U=t A
A 7S A F 3B%E Ak EA wiZel o
E AYo| vl £ FEF Hol= Aoz wdH

L

Fa71S A A 3L A A 6 =

A0l A .
=

2 dFolAY 20123 =9] A 2 (Group 1) 374
A9 7] F tho] &4 s AY HXT v 3
A FEE HAFa glon, ue AHQl YPA| Yol
0.034pg-TEQ M@0 2 7}4 v w2 Yyt 3
YAI9Ql AS, SH, BCY| tho| &4l B v%+ 47
0.226 pg-TEQ m™, 0.182 pg-TEQ m™, 0.129 pg-TEQ
m=2 Uehgth v B B39 Y, DDC, PCo)
T 7+zb 0.419pg-TEQ m™, 0.317 pg-TEQ m™®,
0.268 pg-TEQ m?2 4719 1% % 714 &2 =5
EXE B¢t I59Y PCDD/F 5=9 WHEAHL
PCDD/F vj&¥ £A5l= * < (Group I, Group I11)°]
an, ZAIFAA Ho] 2 HEALS Hlth(aH 3).
Tu2 e AL =% E3A| Y (Group III: YJ, DDC,
=1 0.334 pg-TEQ m™)o] F=| ¥ (Group
HF % 0.179 pg-TEQ md) ket =
wojzE Holch ERIX o] H3)
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EA4 Hole AL FA/=AANGTL o vjuket

&Y B TR gl
Aoz 58 = QUoh
2 AFA 9 A nAlEE (PM)E E 13t 1
20 YEblch A PMy, T BlRA] G e
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E:75ug m”) o2 o] Bt ¥ yEgod, v
AR sxe wet tho] &4l s=7F 2okl §4S
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2 gRel F2Eo glon, £35] ¢Fo] o A&
5, oA 5= 52 E4S Ae AR By
ik (Kurokawa et al., 1998; Kaupp and McLachlan,
1998).

E3], Kim and Choi (2012)9] o] w2, =35
EZAA Group H19] RIAHA] L E=7} 5 2 )&
= MEA Ao T B3} vjAdx| et 4 T
A EASHE 59 ARt AR w7 5
3} 2 AEA A (biomass burning)ol ol2t Hj27)
=7t oo uAHATt ¥& Ao Bt 9
chQung et al, 2014). 53], o] 2-419) WAL P
EHg A4 oA TAstERE X He -

—
[l

i o B o E
off
H1
u
J
ox
flo

N

o
o
IJI.O
o
v 1o

o

pacs

e > HI
il
o

=

27 AEAY A4 59 S Art e Ao
2 P



SwW

GY

GR

AS

SH

BC

YJ

DDC

PC

YP

0.034

A71= W ti7] F thol &4l BX S udt A7

PCDDs/Fs (pg-TED m™) concentration

0.1 0.2 0.3 0.4 0.5
0.062 Gyeonggido
PCDDs/Fs
0,054 Average Group | .
: 0176 :PMy, 42 ug m” PM,
0.066 pg-TEQm™
0.226
Group Il
0.182 :PM,, 51 pug m™
0.129
0.419
0.317 Group 11
: PM,, 75ug m™
0.268
Group IV: PM,;, 40 ug m™®
10 20 30 40 50 60 70 80

PM,, (g m™®) concentration

553

Fig. 2. Average atmospheric PCDD/F concentrations (pg-TEQ m™) at 10 sites and average PM,, concentrations (ug m™)

of each group.
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Fig. 3. Box-plots of the PCDD/F concentrations at 10 sites: (a) real concentrations and (b) TEQ concentrations.

3.2 AZE Cho|2N 5=
4 d7ele A2 S

2o el gl ¥

Hg O} (Min et al., 2013; Shin et al.,

al., 2005; Correa et al.,

1998), & A= SO, CO9 =7t ALH

E5o=E =78 ol S = AL ¥4 &

2 EAL Uehytt uhH, SHeL BC Al ES A 9Jgt

F2 ORE Wy nE A gofA 597 11¥€0] £ FEo EAL Kol

o ALHo] B X2 1 glon, E3| Group Il A Y AL tho]2Al Tj7]

2011; Raun et §%7]% 0.6pg-TEQ mo] Zushe NHE glglo

2004; Lohmann and Jones, ™, 3&X4Y Group BT} 52 F=9 EX EAS
e
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Fig. 4. Seasonal variation of PCDD/Fs at 10 sites.
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Fig. 5. The distribution of PCDD/F congener profiles and homologue groups: (a) real concentration and (b) TEQ con-
centration (4D: 2,3,7,8-TCDD, 5D: 1,2,3,7,8-PCDD, 6D: 1,2,3,4,7,8-HxCDD +1,2,3,6,7,8-HxCDD +1,2,3,7,8,9-
HxCDD, 7D: 1,2,3,4,6,7,8-HpCDD, 8D: OCDD, 4F: 2,3,7,8-TCDF, 5F: 1,2,3,7,8-PCDF +2,3,4,7,8-PCDF, 6F:
1,2,3,4,7,8-HxCDF +1,2,3,6,7,8-HxCDF + 2,3,4,6,7,8-HxCDF, + 1,2,3,7,8,9-HxCDF, 7F1: 1,2,3,4,6,7,8-HpCDF, 7F2:
1,2,3,4,7,8,9-HpCDFs, 7F: 1,2,3,4,6,7,8-HpCDF +1,2,3,4,7,8,9-HpCDFs 8F: OCDF).
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The particle fraction of ZPCDDs/Fs (%)

Fig. 6. The fraction of particle phase for PCDD/Fs in seasonality (4Cl: X 2,3,7,8-substituted CI,DD/F, 5CI: X 2,3,7,8-sub-
stituted CI,DD/Fs, 6CI: X 2,3,7,8-substituted Cl;DDs/Fs, 7CI: X 2,3,7,8-substituted CI,DD/Fs, 8Cl: * OCDD/F).

2 3] Fa o|JHAZE 4=, o]d AFolME
2,3,4,78-PCDF= 2ZHAA/AHE ZdE7} A
oAkl 13 A 9 AEA-7Y R 2 ool
SA ARl obd 23 AU F2 o] AR
(Xu et al., 2009; Alcock et al., 2001)0]H, =& 7| =
£ 714 olAAAZ H7lE 1 gth(Lohmann and

Jones, 1998).
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23 dH)&L 83:172 A5, 8¥ (YA} 7tA =56
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Fig. 7. Slope (m), intercept (b), correlation coefficient (R?) and plot of log K, vs. log P.° for PCDD/Fs : (a) Group I, (b)

Group Il, (c) Group Ill and (d) Group IV.
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Table 3. The detailed fitted parameters in log K, vs. log P,° plots for PCDD/Fs at 10 sites.

L Slope  Intercept ) Level of L Slope Intercept ) Level of
Sampling site (m) (b) significance Sampling site (m) (b) significance

SW (all temp.) -058 —-399 056 <0001 GY(all temp.) -060 -—-412 054 <0.001
Temp.<10°C -0.06 -066 0.01 0.69 Temp.<10°C -011 -096 0.02 0.45
10°C <temp.<20°C -091 -566 086 <0.001 10°C<temp.<20°C —-096 —599 0.95 <0.001
Temp.>20°C -105 -6.09 091 <0001 Temp.>20°C -068 —465 052 <0.001
GR (all temp.) -062 —-422 054 <0001 AS(alltemp.) -091 -557 066 <0.001
Temp.<10°C 0.04 —0.10 0.00 0.81 Temp.<10°C -023 -122 0.09 0.11
10°C <temp.<20°C -111 -636 093 <0.001 10°C<temp.<20°C —140 -7.94 096 <0.001
Temp.>20°C -100 -6.13 087 <0.001 Temp.>20°C -109 -6.72 093 <0.001
SH (all temp.) -082 —-525 064 <0001 BC(all temp.) -0.83 -513 0.77 <0.001
Temp.<10°C -013 -0.88 0.04 0.34 Temp. <10°C -039 -226 0.32 0.001
10°C <temp.<20°C -123 -736 093 <0.001 10°C<temp.<20°C —-102 -6.15 0.87 <0.001
Temp.>20°C -129 —-747 095 <0001 Temp.>20°C -100 -6.04 092 <0.001
YJ (all temp.) -071 —-474 055 <0.001 DDC/all temp.) -061 —-426 045 <0.001
Temp.<10°C 0.06 0.10 0.02 0.51 Temp. <10°C -0.01 -0.39 0.00 0.97
10°C <temp.<20°C -131 -746 091 <0.001 10°C<temp.<20°C —-133 -—758 0.93 <0.001
Temp.>20°C -112 -710 089 <0.001 Temp.>20°C -100 -6.37 095 <0.001
PC (all temp.) -060 —411 057 <0.001 YP(all temp.) —-046 —346 044 <0.001
Temp.<10°C -022 -184 015 0.07 Temp. <10°C 0.03 -0.28 0.00 0.82
10°C <temp.<20°C —-159 -874 095 <0.001 10°C<temp.<20°C —0.84 —534 094 <0.001
Temp.>20°C -105 -6.17 098 <0.001 Temp.>20°C -078 -509 088 <0.001

(Lohmann et al., 2000; Pankow, 1994).
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al., 2014; Heo et al., 2010).



71&stgth E3L ol &4l As SA4E siAsh] ¢
3 7FA-YgAF 2 E HoFsk A

7= W 107) A 49 thol &4l B4 5=+ 0.17
pg-TEQ m™2 velgon, Add HF sT& F
29 (Group I: SW, GY, GR) 0.061 pg-TEQ m™, Z X
o (Group II: AS, SH, BC) 0.179pg-TEQ m™, &% &
32 4 (Group III: YJ, DDC, PC) 0.334pg-TEQ m™, &
2] 2] 4 (Group IV: YP) 0.034 pg-TEQ m>2 zZ+z} zA}
3tk Group o] 7H} & T2 ZAMESGIeH
E3], 55 Ado] UrtEE AQEY 2 5%
9] EA4E Holx gt} o] ti7] viEAI el gt &

9 BlAEA e HEY ALE Q] ¥ TEE R
£ 2o R wgEy, E3|, njAHA Y HE= thol
4 Y7o HdED SFTE SHoA ui¢

gt
X5

A (3 83%)0
R =

PAEGH] o] FotA|

7hAIQA 2 54
H Al (Log Ko)o Ihdzrelx]] Z71%4 (log P )3
FAR S AuE A3 FEoR, 299 H$ Aol
dojd @2 71271E HEidien, e A ¥
3 71=719k dHgho] AFd] e ghe Bk 712
0] 10°C o] W HFE AGolA =2 24
Holm 7hA-QQz HPol= 7HEA Yebd. ARk
o= wiEgde] HHA IF e YA H =%
& AGME A7k 2eiEEE vEhd 71&7]
(m) ko] o2 Al Hl3f &2 545 B3in wt
A di7] F HolSAlY] 7hA-AAL FHlle 712 ®eE of

Yzt eiEde 932 e Ae & 5 A

L
tlo rlr
okl
N
N
ofr
K=
N
o
:(ELL
X
N
N
by
o
5y

tlo

-

A71= W 7] F thol A 2 E4

rid

& AT 559

FHREAQY Ao REHoT XUl 43
3t o5 (706-1900-1942-304-210).

References

Abad, E., K. Martinez, L. Gustems, R. Gémez, X. Guinart, 1.
Hernandez, and J. Rivera (2007) Ten years measur-
ing PCDDs/PCDFs in ambient air in Catalonia
(Spain), Chemosphere, 67(9), 1709-1714.

Alcock, R.E., A.J. Sweetman, and K.C. Jones (2001) A conge-
ner-specific PCDD/F emissions inventory for the
UK: do current estimates account for the measured
atmospheric burden?, Chemosphere, 43(2), 183-
194.

Caserini, S., S. Cernuschi, M. Giugliano, M. Grosso, G.
Lonati, and P. Mattaini (2004) Air and soil dioxin
levels at three sites in Italy in proximity to MSW
incineration plants, Chemosphere, 54(9), 1279-
1288.

Choi, K.-1., S.-H. Lee, and D.-H. Lee (2008) Emissions of
PCDDs/DFs and dioxin-like PCBs from small
waste incinerators in Korea, Atmos. Environ., 42
(5), 940-948.

Correa, O., H. Rifai, L. Raun, M. Suarez, and L. Koenig (2004)
Concentrations and vapor-particle partitioning of
polychlorinated dibenzo-p-dioxins and dibenzofu-
rans in ambient air of Houston, TX, Atmos. Envi-
ron., 38(39), 6687-6699.

Coutinho, M., M. Pereira, and C. Borrego (2007) Monitoring
of ambient air PCDD/F levels in Portugal, Chemo-
sphere, 67(9), 1715-1721.

Eitzer, B.D. and R.A. Hites (1988) Vapor pressures of chlori-
nated dioxins and dibenzofurans, Environ. Sci.
Technol., 22(11), 1362-1364.

Goss, K.-U. and R.P. Schwarzenbach (1998) Gas/solid and
gas/liquid partitioning of organic compounds: criti-
cal evaluation of the interpretation of equilibrium
constants, Environ. Sci. Technol., 32(14), 2025-
2032.

Heo, J.-W., D.-G. Kim, L.-S. Song, and G.-W. Lee (2010) Con-
centration and gas-particle partition of PCDDs/Fs
and dI-PCBs in the ambient air of Ansan area, J.
Korean Soc. Atmos. Environ., 26(5), 517-532. (in
Korean with English abstract)

Heo, J., D. Kim, and G. Lee (2014) Congener Profiles and
Source-Wise Phase Partitioning Analysis of PCDDs/

J. Korean Soc. Atmos. Environ., Vol. 31, No. 6, 2015



560 EEs

ok

&

cHg7] - AE7] - HLS - AFS - Y
Fs and PCBs in Gyeonggi-Do Ambient Air, South
Korea, Int. J. Environ. Res. Publ. Health, 11(11),
11065-11080.

Heo, J. and G. Lee (2014) Field-measured uptake rates of
PCDDs/Fs and dl-PCBs using PUF-disk passive air
samplers in Gyeonggi-do, South Korea, Sci. Total
Environ., 491/492, 42-50.

Jung, N.-E., S.-H. Heo, M.-R. Jo, H.-C. Kim, S.-K. Jang,
J.-H. Hong, J.-1. Dong, and S.-B. Lee (2014) The
Characterization of Incomplete Combustion Pro-
ducts in Open Burning, J. Korean Soc. Atmos.
Environ., 30(1), 48-58. (in Korean with English
abstract)

Kadowaki, S. and H. Naitoh (2005) Gas-particle partitioning
of PCDD/Fs in Nagoya urban air, Japan, Chemo-
sphere, 59(10), 1439-1453.

Kaupp, H. and M.S. McLachlan (1998) Atmospheric particle
size distributions of polychlorinated dibenzo-p-
dioxins and dibenzofurans (PCDD/Fs) and polycy-
clic aromatic hydrocarbons (PAHSs) and their impli-
cations for wet and dry deposition, Atmos. Envi-
ron., 33(1), 85-95.

Kim, D.-Y. and M.-A. Choi (2011) Air Pollutants mission esti-
mation by biomass burning in Seoul metropolitan
area, Conference Proceedings of Korean Soc.
Atmos. Environ., 118-118.

Kim, D.-Y. and M.-A. Choi (2012) PM,, Management in
Suburbs of Gyeonggi-Do, Gyeonggi Research
Institute, 1-117.

Kim, K.-S. (2005) Gas-Particle Partitioning of PCBs in
Ambient Air, Yokohama Japan, J. Korean Soc.
Atmos. Environ., 21(3), 285-293. (in Korean with
English abstract)

Kurokawa, Y., M. Takahiko, N. Matayoshi, T. Satoshi, and F.
Kazumi (1998) Distribution of polychlorinated
dibenzo-p-dioxins and dibenzofurans in various
sizes of airborne particles, Chemosphere, 37(9),
2161-2171.

Lee, S.-J., S.-D. Choi, G.-Z. Jin, J.-E. Oh, Y.-S. Chang, and
S.K. Shin (2007) Assessment of PCDD/F risk after
implementation of emission reduction at a MSWI,
Chemosphere, 68(5), 856-863.

Li, X., Y. Li, Q. Zhang, P. Wang, H. Yang, G. Jiang, and F. Wei
(2011) Evaluation of atmospheric sources of PCDD
/Fs, PCBs and PBDEs around a steel industrial
complex in northeast China using passive air sam-
plers, Chemosphere, 84(7), 957-963.

Li, Y., G.B. Jiang, Y.W. Wang, P. Wang, and Q. Zhang (2008)

Fa71S A A 3L A A 6 =

B .
s

Concentrations, profiles and gas-particle partition-
ing of PCDD/Fs, PCBs and PBDEs in the ambient
air of an E-waste dismantling area, southeast China,
Chinese Science Bulletin, 53(4), 521-528.

Lohmann, R. and K.C. Jones (1998) Dioxins and furans in air
and deposition: a review of levels, behaviour and
processes, Sci. Total Environ., 219(1), 53-81.

Lohmann, R., N.J. Green, and K.C. Jones (1999) Detailed
studies of the factors controlling atmospheric PCDD
/F concentrations, Environ. Sci. Technol., 33(24),
4440-4447.

Lohmann, R., T. Harner, G.O. Thomas, and K.C. Jones (2000)
A comparative study of the gas-particle partitioning
of PCDD/Fs, PCBs, and PAHs, Environ. Sci.
Technol., 34(23), 4943-4951.

Mandalakis, M., M. Tsapakis, A. Tsoga, and E.G. Stephanou
(2002) Gas-particle concentrations and distribution
of aliphatic hydrocarbons, PAHs, PCBs and PCDD/
Fs in the atmosphere of Athens (Greece), Atmos.
Environ., 36(25), 4023-4035.

Mari, M., M. Schuhmacher, J. Feliubadald, and J.L. Domingo
(2008) Air concentrations of PCDD/Fs, PCBs and
PCNs using active and passive air samplers, Che-
mosphere, 70(9), 1637-1643.

Min, Y., M. Lee, D. Kim, and J. Heo (2013) Annual and sea-
sonal variations in atmospheric PCDDs/PCDFs and
dioxin-like PCBs levels in satellite cities of Seoul,
Korea during 2003-2009, Atmos. Environ., 77,
222-230.

NIER (2010) Surveying results of persistent organic pollutants
in POPs monitoring sites.

Oh, J.-E., J.-S. Choi, and Y.-S. Chang (2001) Gas/particle par-
titioning of polychlorinated dibenzo-p-dioxins and
dibenzofurans in atmosphere; evaluation of predict-
ing models, Atmos. Environ., 35(24), 4125-4134.

Oh, J.-E., S.-D. Choi, S.-J. Lee, and Y.-S. Chang (2006) Influ-
ence of a municipal solid waste incinerator on ambi-
ent air and soil PCDD/Fs levels, Chemosphere,
64(4), 579-587.

Pankow, J.F. (1994) An absorption model of gas/particle parti-
tioning of organic compounds in the atmosphere,
Atmos. Environ., 28(2), 185-188.

Raun, L.H., O. Correa, H. Rifai, M. Suarez, and L. Koenig
(2005) Statistical investigation of polychlorinated
dibenzo-p-dioxins and dibenzofurans in the ambi-
ent air of Houston, Texas, Chemosphere, 60(7),
973-989.

Shin, S.K., G.Z. Jin, W.I. Kim, B.H. Kim, S.M. Hwang, J.P.



Hong, and J.S. Park (2011) Nationwide monitoring
of atmospheric PCDD/Fs and dioxin-like PCBs in
South Korea, Chemosphere, 83(10), 1339-1344.

Simcik, M.F,, T.P. Franz, H. Zhang, and S.J. Eisenreich (1998)
Gas-particle partitioning of PCBs and PAHs in the
Chicago urban and adjacent coastal atmosphere:
States of equilibrium, Environ. Sci. Technol., 32
(2), 251-257.

UNEP (1999) Dioxin and furan inventories: National and
regional emissions of PCDD/PCDF.

Wang, J.B., G.-P. Chang-Chien, W.-Y. Lin, J.-H. Yeh, and
C.-H. Hung (2009) A seasonality study of polychlo-
rinated dibenzo-p-dioxins and dibenzofurans in

A71= W 7] F thol A 2 E4

rid

& A7 56l

ambient air in Kaohsiung (Taiwan) clustered with
metallurgical industries, Journal of Hazardous Ma-
terials, 162(1), 103-110.

Xu, M.-x., J.-h. Yan, S.-y. Lu, X.-d. Li, T. Chen, M.-j. Ni, H.-f.
Dai, F. Wang, and K.-f. Cen (2009) Concentrations,
profiles, and sources of atmospheric PCDD/Fs near a
municipal solid waste incinerator in Eastern China,
Environ. Sci. Technol., 43(4), 1023-1029.

Yamasaki, H., K. Kuwata, and H. Miyamoto (1982) Effects of
ambient temperature on aspects of airborne polycy-
clic aromatic hydrocarbons, Environ. Sci. Technol.,
16(4), 189-194.

J. Korean Soc. Atmos. Environ., Vol. 31, No. 6, 2015



	경기도 내 대기 중 다이옥신 분포 특성에 관한 연구
	Abstract
	1. 서론
	2. 실험방법
	3. 결과
	4. 결론
	References


