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Estimation of Air Concentrations of PCBs using Passive
Air Samplers (PAS) and a Gas/particle Partition Model
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Abstract

Polyurethane foam-disk passive air samplers (PAS) were deployed in a southern area of Korea for three months.
The target compounds were 12 coplanar polychlorinated biphenyls (PCBs). The congener profiles measured in this
study were the same as those in ambient air and emission gas from the incinerator. A gradient of the total PCBs in
different regions (industrial > residential > rural) was observed, suggesting the industrial complex may be an
important source of coplanar PCBs. In general, only gas-phase compounds are mainly sequestrated by PAS. In
order to estimate the concentration of particle-phase PCBs, a gas/particle partition model was used. A combined
result (gas+particle-phase PCBs) was compared with previous results, indicating that the level of coplanar PCBs in
our study area is comparable to those in other urban sites in the world. The validation of this method for estimating

the total concentration is required through additional backup studies.
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71 88HE- (semi-volatile organic compounds: SVOCs)
ooz U PHe BEAH W A7 pu
8o} (Wania and Mackay, 1996). X274 dj7] =
POPs 558 24eb7) slsle} oy 8% 37
A # 7] (high volume sampler: HiVol)& Al&sl o)
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) 74Ae] Foma B2 A FAEX )7} oY
% () =3 7] 2UHYS) A, YR AAE
98 $-=A4 2E (glass fiber filer)2} 7] A2 A
#H= 93 ==2]9-¥sE (polyurethane foam: PUF)&
F71Hoz2 Aol sH= BHF o) T (F A5
A-8-A, 2005).

olei2 Hivole) Shle 1) Slskel, Ho
£ 71Ae) ARsm AX R Abgel e ek &
57143 7] (passive air sampler: PAS)S 73}l 1
9t} PASE Qubd oz AEQlE] A AjAe] 47 W)
o] XAD-resin, PUF 2] 434 (sorbent) 2 Azt
3ted, t7] % SVOCsE #Al&Ale] s 5oz
ARk Aol adne BHINE o g5hel
POPsE A&3l7] $sirs 2% Y oA 37
97 Fol w2AFAG ek wely] chiel PASE
ARt I =T F77)0 A7) 2UEE
& Ao 2947 TU BB EFHe
= sjeht 4 9Iok PASS| e, 2, 75 o
g AR HAAS ARA (20050 AAF] 20
o] qit. &Y, & 2ol M= PASE o]-&3}e] POPs vl
2zt oAz e Teletn, A A7H codrEe
WSlE e QF-Eo] L3E] APHT g} (e.g., Pozo
et al., 2006; Harner et al., 2004; Jaward et al., 2004).
FhANE = d7Ale] TP Uow PASE
o]-g-3le] t}EI3E=E ®l3lS4 (polynuclear aromatic
hydrocarbons: PAHs), &2 #4)5d (polychlorinat-
ed biphenyls: PCBs), &) 8.2 3}t]%| Je] 8] 2 (poly-
brominated diphenyl ethers: PBDEs)2] =829} ¢
Ao & B om (Choi et al., 2007a, b), ‘F=
AE71A A7) F PCB =% #Asld, AAZ o]
29 ohje} AE7)A Ask PCB 2949 Fbs
Aol ke Azxe »ysigd(FAS E, 2007).
B, S Aol o) oabsbAAel e Fo] my
Bl 913 PASY} s e] AREE T 9lom (A
JF %5, 2006; Yim and Kim, 2006; ¢33l %, 2004;
Kim and Kim, 2002), A%} tjoFsl ¢ & ojdt
PAS ¥ 9 =EY fesb 2 Aes o4
g,

PASE 2 7|AA} SVOCsE A FHslmz, AlA
U] F2) FAEHE cha Holh A ¥4
Ase AR webd AE Q7o) BwE B
AU S22l 3Het e vk $ob

ST A7t sk B3], Al wel EA8E 1
93} tho]&AlF (polychlorinated dibenzo-p-diox-
in/furans: PCDD/Fs)2] 7§26 PAS RYEE 7y
o2 7] F FEE A Zlol AAAsiny
g el wetd A2 PAS RuUEH ey 2l
718 o] §3ted, YA =T 2T AA =
AR 71yE pEE "art Qv of=d AT
dgtoz 2 AFAL PAS A=T AF 3l 1259
coplanar PCBs (77, 81, 105, 114, 118, 123, 126, 156,
157, 167, 169, 189)2 BAsled AlaqF Ag9d o
Q4T W 34E eteigeh ol F AR B
B olgdlel YA HEE Fohm AFHoe
97 % FECASHIIDE ekl e A
R e L ELC

N

aE ey
2.1 AB =
B o Fo|Al= sivier A H (Environment Cana-
da)ellA] 703t PUF-PAS (Shoeib and Harner, 2002)
2 Algslgach(2F ). PUR-PASE: | 713 o]
Al4E) 31 9] PASEA PUF disk (XS 14 cm, 7
1.35cmE 2EQlels 47] <kl AAse st
A=) o]t} PUFE AR ol oA E (acetone) 0.2 24
A7}, o] g3} €k (dichloro methane: DCM)2 2 244]
Zb B9t 4&9 (Soxhlet) & o2 HHsH o,
Loz AT GFelE Yo HA HAA CJE ot
o Bzt

Aex gt A8 T 1 (A01~09), 5
A G (A10~13), EA S (Al4~17), FFA 42
(A18~19)2] 2 4/ A4, 197/ AANA 3744
(200613 1~44) 5 AH3AH(H 2). Al 8AF
717ke] 304 o]dd Agele Ao A3t 4
Eo| PUF diske} ?7} Abojell A 2}etg 3ol =2ad
4 9l7] wliol), PUF-PASS| AA7]17ke BE 3704
o] Ae}s}c} (Hamer ef al., 2004). A| 23 7]7F] 5
& 7)&2 82°C, HH F&HL 24mis2A £EAHH
of At 7] FA1F At

w3 pEiEe RIS ke, 20061 4
4 14~159¢) dFX<2] A A (A10, Al3, Al6)
o]A] HiVol (DHA-1000S, SIBATA)S o] -8-3}s] 7]
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Fig. 1. Schematic diagram and deployment of PUF-disk PAS.
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Fig. 2. Locations of passive air sampling sites (A01~ A19) and a wind-rose diagram for the sampling period.
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2427 el om, = f-E 1,000 m® Wlgek A=
A3 A, 245 el 450°ColA 1227 Fot
7}dsgl om, PURE 2447+ 29} DCM3} 87 <
£l Yo B<E-2 AAsg

22 A2 Hxz U 24
3]$% PUF:= 24 RA7R] Aol Y1 —4°C
o] Y5l BAslut Al8g 3237 Ao Yu

g

=783 A 234 A 635

EZF-E-4 (internal standard)2+] '*C-PCBs (77, 81,
105, 114, 118, 123, 126, 156, 157, 167, 169, 189)Z 3=
detslon, DCME o] 43l 2047 ot 424
FE231 ol F, AR AAE Y8 FbEHA
stlom, o2 Azl A Qg B4, 4g 974,
2g 34, 8g A4, 2g 4Dl F4 F,70mLe] ¥
At (hexane)/DCM (viv=1:1) EFgu 2 L2 )7k
4592 IASWINIE ol g3t H2slxm oA GC
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Table 1. Operating conditions for HRGC/HRMS.

GC condi tion (HP 6890 series GC, Agilent)

Inlet 300°C
DB-5MS column

Column (60 m x 0.25 mm, 0.25 ym thickness)
Carrier gas He, constant flow mode
Flow rate ImL/min
Oven 100°C (0 min) — 25°C/m.in — 180°C (1 min) —
1.8°C/min — 220°C (0 min) — 10°C/min —
femperature

300°C (6 min)

MS condition (JMS-700T, JEOL)

Ionizing energy 38eV
Resolution 10,000

EFEA (recovery standard)2A] '3C-PCBs (70, 111,
138, 170)2 GC vials] F7}staie). 7]7184-2 9+
I35 AFEA7] (HRGC/HRMS)E o]-8381¢.e
o, BAZRAE = 1o Jepigdeh

PCB 3582 92~103% (3 96%) 83124 <
538} pFolglet. & 3709 FEA|E (procedure blank)
£ Mgl on, gy FA=eA PCB 118(F
328 pg)st PCB 105 (< 81pg)7t F2 AEH A
2, v ERE2 BRE HA njgke s A2y
At B oo AAE BHAAE FAs BHe
2 BATE $3]e)c)

2.3 75T &M

PUF disk®] 7]7] #X7ke Aladz 717GAY)
ol HHE PCBs <} (pg - PAS™)& Hehiic} ule}
M A (D o4t H7] F pe(pg-mH)E F
A of g}

Cras=CaiRt (1
Cpas : amount of chemical in a PAS (pg - PAS™)

Cair ¢ concentration of chemical in ambient air
(pg - m?)

R : sampling rate (m® - day™' - PAS™)

t : sampling period (day)

Z7] AFE R m® - day! - PAS)e ZLo] of
3F& wko w2 (Tuduri ef al., 2006), 334 wUE|EL
¥ wx= depuration compounds (Pozo ef al., 2004)Z
Agsed 24 AREE ASAREE T Aol
WAL 28y 2 dAFelMs AR AHE)
W@ Fhel AX)53 Qome (197 Aol mF

Il

30km o] el 9]2]) F&2) Apelr} 2 Aoz o4
Holok wets 37 AHEE AEA AR &
a1, o] - (Harner er al., 2006; Gouin et al., 2005,
Shoeib and Harner, 2002)2] 3#%k<]l 3 m® - day '&
AHgstanth AAl Al H 717 F HE 45 24
m/s2A] PUF-PASS] Z7] #F &l 2 32 )X
= E& (3.5~4.0m/s, Tuduri et al., 2006)Rc} =2
AL At

g, ez iAol 7t (log Koa<10) 2
FEAEL el we 37448 AlaAH 71zt
ool = AMA3] BEtgF el ="l AYF57)
2] &8 74 o] 9} (Harner ef al., 2004). u}2}A]
#93} PCBs9] 79ele 37 AAFm:R - &
BAE P27} gl 22y coplanar PCB 1258 =
T 4993} o] oz A, 3702 ABAF Z|7tel e A
%49 APEF7L I ER 37 AFHF AL
ZashA] gkt

2.4 J|H/LX 22

SVOCst= ®j7] Fellr 71Ale} YAt FAll &
Agie}. o] W Z)A &} bl EAfdh= wlE> 3}
A AA ) BAL 7S 23T JdEA, 119
¥t wiae] Wl 5 opkdk AR oggke vt
=7} (Lohmann and Lammel, 2004). o]& 3t 7]Al/93 4}
Bl 540l wletd SVOCse| A S Hrishe
b 83 AHE 4 ek A RIS (D)2 T
A FE=(Cee YA TR (CE o143 A Q)
o-g-3le] AArE 4 gl

Cp
b=
Cot+Cp

2

A AREET gl ZIAA Bl e e IRy
7} el %) Z7] 3} (sub-cooled liquid vapor pressure: Pp)
4 ©]&3t Junge-Pankow F2 w2 (Pankow, 1987),
Sehe/37] Fuh A4 (Ko E o847 Finzio 345
9 (Finzio et al., 1997), Finzio 29| 5715 v]& 7|
J& Z#7}3 Harner-Bidleman 34324 (Harner and
Bidleman, 1998), % 4 343 2% 13 o|F
(dual) 29 (Lohmann and Lammel, 2004)¢] ¢jv}. &
wllo)] ulel HujAAL Al Zel7} F 4 lont,
Pt KoaZk AHA1S] B8tz Qls) 54 2dlo] ¢ 4l
Aol st =37l o3vt (Xiao and Wania,
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2003). Webr] B Ao AF7R] 74 we] AL
£33 9]3= Junge-Pankow EH-& ALL-3}gc}

cO

O=—— 3
cO+Pp ©

o] AlellA] ¢=0.172Pa - m, 6=42x 107 (M A=
A9), 1.5x 1074 (A1 ZFR4Q), 1.1 X 1073 m¥m® (AR
o) 7H& AH3kg e (Lohmann er al., 2000; Cotham
and Bidleman, 1995). 25| w2 Pk A (4=
AAbslg e, 718 PCB2] m; 3} b k& Falconer
and Bidleman (1994)¢)] A9 k& AF8-3}90)

m,
P,:=?L+bL @)

3. &3 8 E9

3.1 EMdn
1970 #]3 2] PAS N &8 HANsle] d7] & ==z
gt Aol Al A AN A Hivolz 243 7|4

4 =5 &2 vehAde 197] A3 o Rl A
% $%7} 4 pg-m” Aoz FEH| (038~
13.37 pg - m), ) o2 99| PAS uElE 2
#}(Choi ef al., 2007b)¢} B]£=3) $2& BT} 12F
9] coplanar PCBs Z¢lA] PCB 118¢] 713 &2 &
=2 7%592m, PCB 105,77¢] 1 & w=x
o)t} ¥lwloll PCB 81, 169 A2l HAZHA sk,

0.7 M Industrial 1
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Fig. 3. Congener profiles of coplanar PCBs sequestrated
by passive air samplers at different regions. Error
bars indicate standard deviations.

Table 2. Time-averaged concentration of coplanar PCBs sequestrated by passive air samplers (A01~ A19) and
gaseous concentrations at site A10, A13, and A16 measured using high volume samplers (H10, H13, H16).

PCB congener (pg - m™>)

Site 77 81 105 114 118 123 126 156 157 167 169 189 Total
A01 0.26 ND 030 ND 1.22 0.14 ND 0.08 ND 0.02 ND 0.03 2.05
A02 0.18 ND 031 ND 0.86 0.07 ND 0.05 ND 0.02 ND ND 1.48
A03 0.14 ND 031 0.10 0.83 0.19 ND 0.07 0.06 0.03 ND 0.02 1.75
A04 0.21 ND 036 0.11 1.22 0.15 0.05 0.10 ND 0.08 ND 0.03 2.30
A0S 0.15 ND 041 ND 1.09 0.13 ND 0.07 ND 0.04 ND 0.01 1.91
A06 0.49 ND ND 0.18 2.53 0.31 0.08 0.16 ND 0.11 ND 0.04 3.90
A07 1.09 ND 299 0.25 6.70 0.62 0.08 0.61 0.00 0.25 ND 0.05 12.65
A08 1.25 ND 3.12 0.35 6.95 0.74 ND 0.64 0.01 0.28 ND 0.03 13.37
A09 0.52 ND 1.27 0.21 3.15 0.35 0.06 0.23 ND 0.13 ND 0.02 5.94
Al0 0.31 ND 042 ND 1.20 0.29 ND 0.25 0.27 0.11 ND 0.06 2.92
All 0.30 ND 043 ND 1.13 0.34 ND 0.27 0.33 0.11 ND ND 291
Al2 0.29 ND 046 ND 1.44 0.38 ND 0.23 0.23 ND ND ND 3.04
Al3 ND ND 024 ND 0.88 0.34 ND 0.29 0.29 0.12 ND ND 2.15
Al4 0.08 ND  0.07 ND 0.17 ND ND 0.02 0.02 0.01 ND ND 0.38
Al5 0.20 ND 025 ND 0.96 0.16 ND 0.07 0.07 0.03 ND ND 1.73
Al6 ND ND 034 ND 0.96 0.44 ND 0.25 0.24 0.10 ND ND 2.33
Al7 0.31 ND 041 ND 0.81 0.10 ND 0.09 0.09 0.03 ND 0.02 1.86
Al8 0.17 ND 0.13 ND 0.22 ND ND ND ND ND ND 0.02 0.54
Al9 0.71 020 0.64 0.25 1.63 0.22 ND 0.16 ND 0.12 ND 0.08 4.01
H10 0.07 ND 015 ND 0.50 0.07 ND 0.04 0.04 0.02 ND ND 0.89
H13 ND ND 021 ND 0.72 0.74 ND 0.06 0.06 0.04 ND ND 1.83
H16 ND ND 020 ND 0.74 0.08 ND 0.07 0.07 0.04 ND ND 1.18

= 718753 A3 A6s
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Fig. 4. Average total concentrations of coplanar PCBs
collected at different areas (Industrial 1: n=9, Re-
sidential: n=4, Rural: n=4, Industrial 2: n=2).
Error bars indicate standard deviations.

Table 3. Particle fractions of coplanar PCBs predicted by
the Junge-Pankow model.

Particle fraction (P) in %

Congener log P?°

Clean Rural Urban
PCB 77 -29 0.6 2.0 12.8
PCB 81 =35 2.1 7.0 354
PCB 105 —-4.0 6.9 20.9 66.0
PCB 114 -3.8 4.8 15.2 56.8
PCB 118 -39 4.9 15.7 57.7
PCB 123 -3.8 4.6 14.6 55.7
PCB 126 —4.3 12.7 34.2 79.3
PCB 156 —-4.7 244 53.6 89.4
PCB 157 —4.7 26.6 56.4 90.5
PCB 167 —4.6 20.4 47.8 87.0
PCB 169 =52 559 81.9 97.1
PCB 189 —-54 63.3 86.0 97.8

PCB 114, 126 % & Alg8oA ZHAEH A &gl o]
3 PCB A" AlaifF Aqdes Z Aol
HolA edgrem (IH 3), =4 #7)E a7tz 54
A&7kt vt #73w7]e] PCB = dA]ghct
(Cleverly et al., 2007; Min et al., 2004). HiVol 2. &%
& 1A% = A4 W53t PCB RS mglovt,
2L AR F4% PAS Aok g 24 A
= 22 elade o] BAk 3% gk AT/ A
29 g AsAH B 7G2S P w
k& 7FeAdel Arz, PAS Al AH ez vl
s He #2)7) whed

Ay BF prsEe FAAl] Y

FARAY, FHA 92, FEAYG Fo|F (1™ 4). I
Aqle] HFH oz 74 2 =E HolA4L 74
A gg 2= ") Zvk F, 22 TS km o] W)el]
Az ANBAF A welk ol oA} Afe)rt Wtk
FRR A2 M T A (A8, Al9)el A Al5E A
FAgor, gA AG3] F FEA|E Bt o]g}
o] 77k AAEAA FERIZL AR olf= &
ALz AsAFH AHA A Y F Foke| A
o2 Helth A19 XL e ZAH glod
F3) wiskol] 91AEH, Al A2 edU w4
g "ejx gl FFF e AA WYL 7t
SAol Qv o] A 3 i BA AF e
Fo] F4 A9 2Q44ES W2 5 don, Al
2AF XA AA o] A3 FoTE AAE
TR A2 A2g A3, FEA G > FAA A
>xZ3]e] 07 PCB y=7HE F9d 4 9k
E3), FAAGe] k3 vz slrte] Y3l
(AAAZ] 5km o), XA W& (FE, HW B
Batk opel FHA9e) PCB Wi F3e e 7}
A o) Atk AlgAF] 717k v E wed o
(33 2), TR Gl A v &5 o8 e] 85 9
3 FAR A F45E Aoz dAdgo) vhded 5
EA 9L FHAYe] FHIA MHA AR 3o
B2 Foio] AHAe gk A& Al A, F
ARG} A|FAHY gmAFel: 20 o]WE T X}

=

el

o melA Qgtemz AFAAR FHA e
PCB 29] 93¢ UASE P o= $Ius

3.2 J|H/Lxt SuH=Rd Hat

B exz AT A PCBE log Pizke} 71E
A7-E (Lohmann et al., 2000; Cotham and Bidleman,
1995)ollA] R31% 4] #} 4 (clean, rural, urban)o}
A B46 B YA uE @ 236 el
ok % 39 REE o] 43t 19 S(a)yF AT,
#W A} 2] (open circle)2 coplanar PCBs®] S1z}A} 4]
&& onsi, #7717 o2 A A ZE log P W
A& 2 SVOCse] A nlgolnt 3o &
2 (P; > —3.5) iAol EA3h= ulgo] Zepx]
A& B P glon, AAAGHG mAR] 6|49
A Blge] 2 Zg AAE 4 9l PCB 77,
813} zre] wiwd FiAle] & AL AAA A}

EAA G YA Bl 10w oA o] iA|H

el rlr 4
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Fig. 5. Modeled (a) and measured (b) gas/particle partitioning behavior of 12 coplanar PCBs.
PCB 169, 1898} 7+2 #ubAo] zk2 B-2le % x4 0 O Particle

9 IR vl Hpolzt 2uf e]ufolr). o Azl 7)
A v= FAFozHE YA} y=F FAHH)
AlAME AzAFH A9 RAEALE Fetsle A
o] Fo3lth= A& Aulgich ey gubdoes g
Aol e FiA o] 2} A Bdo] 2 HE
2 EAstnz, 71A/4AF Felede] gEAts o}
B A AA s F 9F¢E vHA] gE A
= g

g, 73 5(b)y= A A (A10, Al13, Al6)el|A] &}
T HiVol A& Azte} v dA3E wwd o
otk A&gtoz AAlg A v £ mdA
= g g4 BFEAes @ 50% AFe] ol
TE32 v AT F7)Y4F 7)AA PCB 3=
7b A =R wow, YAMAM HEHA] ¢
7497 e ol AS, Aubdow G/P Bl
A9} 43 sidel YA ¥IE dHolel7) BY b
Aol ek ARl R 2 Aol e At vlge] 0al
732 AN E AEEA] g2 A9t weke
o, HiVol A28 99 JHF 7Az7 (F4: 23
m/s, F3F 119°, 7] & 123°C)e 13d o), 5438
2940 g & 5% TFo) d7XPes &
qE Aoz Ml o] W Al XA HF co-
planar PCB ¥ =% 20pg - m o2 vlwd v

SEolg

a4

e

3.3 HASE (7| A+ AXFAY A4
A4 PCB 322 F37] 98 4] ()8 a3

TG4 A 23H A63

@ Gas

Concentration (pg m-3)

Fi

g. 6. Total air concentration (gas+particle-phase) of
coplanar PCBs at 19 PAS sampling sites and ave-
rage HiVol concentrations at site A10, A13, and
A16. Error bars indicate standard deviations.

Table 4. Comparison of coplanar PCB levels between
this study and other studies using high volume

samplers.
Average
Country Location  concentration Reference
(pg - m™)

Industrial 1 9.0
Korea Residential 6.3 This study

Rural 32

Industrial 2 4.5
Canada Urban 15.1 Helm and Bidleman,

Suburban 54 2003
USA Urban 13.3 Harner, 1998

Remote 1.2 Cleverly et al., 2007

Lopez Garcia et al.,

Netherlands Suburban 54 1996
Arctic Remote 24 Harner, 1998
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HO)E olgah of o, YA g @) w3
o AL e AgaHon, A FECoE &
29) PAS ®UE2) A58 AFEsinh 2, PUF-PAS
7 71314 PCBs3 A2 A2 Fshsich PUF-
PASS) F22 A3l A7k AL hsel onk
() ARz AHAFE YA F2 Hom, (2) YAt
o Bel EASR: A3 PCBso) 37} oms
AA F=e WA= YA G2 Ag Aoz H
2o 22y 3%, PASY F2E Bgsld UA
AF 7Fs/d& FolA, PUFS A E ak B4
FEE FAs UokE 1EsoF & Aot
L]

CP:E Co 5)

AA B2 (Cp ZIA+YADE 4 6)e= ALt
slget =849 A 97k5 (clean, rural, urban)g &
AFA A (FH, T2, 77, 5282 THsled A
437lele Fel7 e Rew Adxlos 7t ot
< AA 197) A=mell FA Hgsln o 25
UAE Abste] bl eapysle AAstaA
g5 (28 6). Al XA (A10, A13, Al6)sllA] HiVol
2 &A% v HAFgE 27 60 eEhflisich 9¢)
Al AFTE vke} 2o, o] AFE dF Foke A7k
o]22 PASE AMAT ¥ XpFI= 2}o)7)l Wit 20
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