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Abstract

This study was performed to estimate the gas-particle partitioning of organochlorine pesticides (OCPs) in atmos-
phere, the samples were collected by PUF high volume air sampler for two years from June, 2000 to June, 2002.

The gas phase fraction of a/y-HCH, heptachlor epoxide, o/y-chlordane and trans-nonachlor was over 90%. But
the gas phase fraction of 3-HCH, p, p’-DDE, endosulfan sultate, p, p’-DDD and p, p’-DDT was range of 20% through
80%, which means the gas phase fraction of OCPs components described above is sensitive to temperature. The
correlation between the gas phase fraction and molecular weight of each OCPs component was not found in this
research.

The slope of regression line between gas-particle partitioning coefficient (logK,) and subcooled liquid vapor
(logP®,), gas-particle partitioning coefficient (logK,) and octanol-air partitioning coefficient (logK,,) which show
—0.54 and 0.43 was not steep. So the equilibrium state between gas and particle was not reached and in this state
the particulate fraction was low.

Key words : Organochlorine pesticides (OCPs). Gas-particle partitioning. Temperature, Subcooled liquid vapor
pressure, Octanol-air partitioning coefficient
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838} (Chao e al., 2004; Park and Kim, 2002; Oh et
al., 2001; Lohmann et al., 2000a, b; Lee and Jones,
1999; Bidleman, 1988).

7] % UAAF 2L 24 (rain out} wash out)
W A4 A ekl AASH @7 FolA A
FALE YA =)o) myek gebs 22 b))
UM A B0 39 AA s e 2,
OH radicalel] ¢J8F #3tA ul-23} 2|27} ef F
$71829 A #o|t}(Lohmann er al., 2000a, b; Lee
and Jones, 1999: Bidleman, 1988; Hinds, 1982). &= 7}
s BAE A BANG A7 oA ARA
o] A7) Wl A BAE o BAARA
A=) o]%=c}(Bidleman, 1988; Bidleman er al., 1986;
Muller, 1984; Junge, 1977).

Z4 o o1z ALR A (total suspended particulate, TSP)
9 5w 7M. 4 Ave D Y SR
27) BAS (K 5L A7) FAN SOCss] 7k
Qg gl T e ARz Z - deHow
SOCs8] 7p2-1Ap 2ol AaA) e @77 o]
2] &t} (Wania ef al., 1998; Pankow et al., 1994;
Pankow and Bidleman, 1991; Pankow, 1987; Yama-
saki et al., 1982). 18v} PCDD/Fs, PCBs @ PAHsol|
9@ a7t Ae drEe Axssien 0Cps
Y P PAASL A DU S5

= OCPsol] & AF7} A7 (A3, 2005;
Chao et al., 2004; Park and Kim, 2002; Oh et al., 2001;
Lohmann et al., 2000a, b; Lee and Jones, 1999; WjA]-£-
3 A4, 1988). Z12v} 7] oA SOCse 7hA-
QA P TSP, A1 B - Fh FAH
Ly 5 Ao o A 37 ARl w2}
gebx]7] dFoll 2So|v} PCBs, PCDD/Fs 74}
2 e2uel} OCPsel nulz H4A7)= 7E o7
ol ik

o AT 7] FolM OCPse] At A
olF ¥ A%l °d& nX: OCPse| H7| F 7}
2-91AF Bujel of7le] g3FE mAE AMRAE
()&, TSP, P°L 9 K )o) 7h2-33ak Fael] wlz|=
ool Fahed ATt

R ABARNA A23 A A4z

2. A #
2.1 A& #MH

NEE =83 9 (rural area)?] 7] QAA
A A2 AN em AnA W I 43 A%
SAFell A 20007 68RE] 2002'd 6Y74A] (n=29) A
# &}t A& PUF air sampler (General Metal
Works Inc., Ohio)& o]&-8}ed oF 4847 E9t A3
stglon], Ale AH HFE o 600~700 m>H
Glass fiber filter (GFF):= AH3le 7182 AAs)
7] 93k 450°CoAA 12412F o) T8 F ARSI
o1, polyurethane foam (PUF)¥- Soxhletel| A Di-
chloromethane (DCM) 2.2 24 A7} &3 o} 79t
Az7)oA 9] AZAA 712 el el o
Aol A AH4E w7t wasideh AAT Aae o
Al gl ol WHSle] ofelsmbiel Y2 &
APz A -200C Pgaell A A7A] Bast
Aok 71 2 rdAEs NG AHE el
Ax=e] 9l 7IAFA A& (auto weather system,
AWS)E AH4-3fgic).

2.2 AlRe| M2 % £4

2.2.1 A|SF

Ao ALR 2E e ARk #HEE A
4319t} el 8T 4 A7} (Si0,, 70~230
mesh ASTM, MerckAh3 4=BA 7402 Alag 3
Apa) =43kl EE- (Na,SO,, Duksan Pure Chemical
Co.)& 247+ 350°Ce} 450°CollA 24Xz oA ¥

& Algslget o2 #7183 OCPse] E2lof AL
%l GPC (gel-permeation chromatography) Z& el = bio
bead (S-X3, 40~ 80 um, BIO-RADAH) S A}4-31% e}

OCPs 2492 SupelcoAtell A ol gk 187119
TCL Pesticides Mix (Cat. No. 48913), a~chlordane (Cat.
No. 48192) & vy-chlordane (Cat. No. 48193), trans-
nonachlor (Cat. No. 48137)3 A}&sle A =3}8ic)
w3}l g7 A Abe| AFS-E internal surrogate
standard® lindane-'">C,,, DDT-3Cy,, dieldrin-"*C,,
endosulfan-II-d, (Cambridge Isotope Laboratories, Inc.)
8} recovery surrogate standard¥ 4, 4-dibromooctaflu-

orobiphenyl (Supelco)g AF&-8lgc}. = 2E 2417
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[ Analysis (HRGC/HRMS) [

Fig. 1. Sample extraction and clean-up procedure for
OCPs.

Z=2 M| &3] AFxA|Z] F acetone, haxane

AhgarAet.

TE 25T
% DCMe2 77} 33) A% og

2.2.2 £& 4 HXe

Soxhlet +&AFA>= hexane-DCM (9: D22 2F 6
Alzb A3 ‘:P% PUFE- Soxhlet F&A Aol W31
internal surrogate standard&- spiking3t T2 hexane-
DCM (9: 1) 250 mL& 24Xz %3} GFF=
hexane-DCM (9 : 1) 100 mL2 %&3 %7 (JAC
4020, Jinwoorhel| A 308 & & FZFAS Zola
20l g7)m & ez 23 o FEH] 3
& Food Amz AHgsigon, FE4vlE A%

3 3527) Buchizhel A ok 1 mL7bx) 52akodc).
AP ARE AT 3g% Frntes
1g& AR (A7 10mm, Zo] 300mm) F¥ol| F4
3 & A]RE hexane 15mL, hexane-DCM (1:1) 11
L, 28]2 DCM 15mLE £33l Al8=2 ARE3]
ﬁi‘:‘r- NE F 4iie 5]“*“%*‘%7141/‘1 THA] 9F 1
mL7}7] s&sie]v) 22 ©FS bio-bead 12 g8 333k
GPC 8 (A 20 mm, Z o] 300 mm)ol]] A28 F
o135} hexane-DCM (1: 1) 140 mL=2 £Z3}¢=1)
Ag 3amLe WRlT JuA $29E ARE A4
et o] 42HE IAAFLEH7]A o 2mL7t
] 23 o} vialZ &7 keeper2A] =H ZH(dode-
cane)?} recovery surrogate standardZ- spiking3d}32 &
42 ¥3sle] #FRI)E 50uL= 3l HRGC/
HRMS=2 A3kt 28 1¢] OCPse] AAz] 4t

Rl
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Table 1. The analytical conditions of HRGC/HRMS for

OCPs.
HRGC/HRMS HP 6890 II/JMS-700

Column HP-5MS capillary column
5% diphenyl & 95% dimethypolysiloxane
30m X% 0.25mm X 0.25 um

Injection volume 1 uL (Split 10: 1)

Carrier gas Helium 1.0 mL/min

Aux temp. 300°C

Injector temp. 250°C

150°C for 2 min., 30°C/min to 170°C,
4°C/min to 200°C for 5.5 min.,
4°C/min to 237°C, 70°C/min to 320°C,
320°C for 4.09 min.

Tonization mode EI

Temp. program

Detection SIM
lonization voltage 28~35eV
Accel. voltage 6~8kV

Resolution >10,000 (10% valley)

W& o okdle] vep oo (FHl+ 5. 2002¢).

2.2.3 &M
AlB= HRGC/HRMS (Jeol IMS-700, Japan)® H-
Aslgl om AAEE A A2 % 13 2ok

2.3 QA/QC

OCPsef] gk HRGC/HRMS®| 73 &3 (limits of
detection, LOD)x= 0.2~ 1.3 pg/m’e]g o] FAlR 6
7N o83} internal surrogate standard®] FT 3|4

2 83.8% (75~ 102%, SD£82%) 2 & Zhe
nyom, AdAgdNE A n&d J5eE B
et o] TP A F7)E x|z 729 3
o]kl e ghakalet

3. dn o nH

3.1 OCPs &

£ 2= 97} & OCPs?| &5=e AdH 5=%
vepd Aol AR 7o) 2 oFel F=rt
3l 70 @ AL o) Wikt e
A o-HCH (45.3 pg/m®), v-HCH (21.0 pg/m’) 2 endo-
sulfan sulfate (168.2 pg/m*)= =7} ¥9rort 7)gh
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Table 2. The mean concentrations (pg/m’) of OCPs in the gas and particle.

X Heptachlor Y- o- Trans-  Endosulfan p,p- p.p- pp-

o-HCH B-HCH  y-HCH epoxide chlordane chlordane nonachlor  sultate DDE DDD DDT

N mean 4477 248 2032 3.82 1.96 178 133 16669 387 208 1.33

Tow  C SD. 3047 202 1238 271 127 178 1.02 33441 607 494 118
(n=29) e e 045036 069 0.33 0.10 0.06 0.07 1.52 070 083 073
P SD. 075 072 159 0.83 0.13 0.10 0.12 123 080 104 062

N mean 4654 192 1838 2.55 1.55 091 0.84 228 371 115 132

Spring & SD. 3767 140 1261 1.90 1.03 0.56 0.4 259 462 084 148
(n=10) e M 046 075 034 0.22 0.14 0.05 0.08 091 059 082 085
particle o 058 11z 052 0.50 0.14 0.09 0.11 030 051 091 071

N mean 4712 398 2756 535 2.76 412 221 1303 327 230 227

Summer SD. 2577 203 1263 181 121 2.84 097 528 164 152 061
=5) e e 074 008 200 1.02 0.11 0.10 0.11 0.80 102 142 075
paCe sp. 146 047 316 1.53 021 0.8 021 020 133 167 095

s mean 5583 305 2557 5.86 2.60 212 1.82 46848 608 400 144

Fall & SD. 2610 233 977 2.68 133 1.14 123 43793 960 868 09I
(n=9) il TeAn 023 016 026 0.03 0.05 0.04 0.04 2.68 036 031 052
paricle sp. 019 018 021 0.05 0.06 0.04 0.04 154 021 037 035

N mean 1894 063 751 113 0.80 0.55 057 026 079 013 021

Winter  © SD. 1256 029 471 047 0.14 0.17 0.16 000 035 028 020
(n=5) e Mean 041023 03] 0.04 0.10 0.05 0.05 1.19 114 091 082
PANCe sp. 020 011 013 0.04 0.05 001 0.03 055  LI0 085 019

AEEL FR(4~46pgm)7}t Wekeh 53 S
o] endosulfan sulfate®] = (471.16 pg/m*)7} dx3]
=9ft}. Endosulfang o Fol w3t A2 7FstA|9H
37 FollM AFAL ZA] golr =5AkE A2l
A= Ab&= 1 glcl. Endosulfan sulfatet
endosulfan?] Abstz AAE BAQY o5 A
o] Ah&-%l endosulfane] AF3}E o] 7)ol endosulfan
sulfate®) ¥=7} ¥ Aoz ARAAEFHUF 5.
2002a, b; Al E 5. 2001: o] 5% 5. 1998).

aE

3.2 Jtast 2w 712(1)

23 2% 71 (Tysh OCPs 7 Al ket 28
zve] A sk A7 Ae) 7)¢718 ekl Zeldh 3
oAl ®So] o/y-HCH. heptachlor epoxide, o/y-
chlordane ¥ trans-nonachlorys 7} &3 7} &
7+ 71877k 9F 0.5 o3tz shukslelon] A=
90% olAte]l 7inArem FEAstch v p,p'-
DDE®} B-HCHE 71&7)x 1~22 7}2A4F 8o
o 2ol 90% olAbolH AT ALl oF 50% A=
2 yrolx] shaAl Bgo] 7|29 S AR ¢

7873 E3)A 223 A4

T 9)e-e o 4 glglet 23y} endosulfan sultate, p,
p-DDD ¥ p,p-DDT+= 71&7171 3 olAto 2 7pAAL
Foll= 80% olAelgl oyt A-goll= Hid
2 YR Bgo] 80% o)iolelAl kAt H-Eo
719 edgke djsts] ZA A 9SS Ad 5 U
o 2Eh} skt 285 7)1 2k AAASR)E
0.0024~0.6076. 0.2 A ¢ko} 7] o]9ell= 7k
A E-gol G3Fe AT BE AAbEe) S &
4+ lgiek

PCBs¢} PCDD/Fsi= RAlaFe] #AA4F 34 o]
Zraste] FhaA)l Bego] el A OCPse] 7-$+=
Bapake] Z7lel shaat & Alelel AdabAd o] et
A ekek} o)7e PCBs$} PCDD/Fs: F53
(homologue) 33HE2 dag7t 745 A
o Axz Fubge zhiele FERAE BojAut
OCPs:= 534 33Hgo] o=z 123 f34] o
Jeptz] 7] diEoz Azt (Yeo et al., 2002;
Mackay et al., 1997).

SOCs®| 7px-9lal Ralfo] QA& mAE A2
£ 712 ol9e=® Wiyl F FRHUAEEL(TSP)
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100 ."./;-,:—v ogre 100 . .- ‘. . 100  — -: 5-ve
80+ L 80 . 80 s o
122 [%2] hd oy .
5 60F g 60 & 60r
g 40F  y=05004x—47.904 & 40t y=0.5405x - 60.872 8 40} y=0.501x—49.72
I3 = N = R =
0l R’=0.373 & ol R’=0.3822 ol R*=0.2555
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5 60 e A . b4 & 60 . o y=2.0§33X*505.99 & 60 I R’=0.5546 .
a 40 b g 40t R*=0.3855 & 20t
R ¢ y=1.3520x~300.11 e d ®
20¢ Y Rrm0.2996 207 i 20
0 1 1 1 0 [Py L L 0 PPy 1 @ 1
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100 e . 100
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Fig. 2. Percentage of gas phase fraction (%) in OCPs versus atmospheric temperature (K).

B, S0Cs2] F718H (P 2 {715l dd Asi=
(Fe&-37) Bl Al Ko, S0 A5 (F 74, 2005;
Chao et al., 2004; Yeo et al., 2002; Pankow, 1987:
Yamasaki er al., 1982; Junge, 1977).

3.3 logK, i logP"
SOCs2) 7hz-lapg $ol A4 K,sh 2hdzt oA
274} (subcooled liquid vapor pressure, P° ) 7ol =

Al(H3 722 FAZE AR, A ()2 7k-4A
el 7]& el9jell= TSP J3& A7 7 e)
o} (Yamasaki et al., 1982).

F/TSP
logK,=log =mlogP° +b

47|14 Ag} F= Zbzh PUFS} GFFolA] AlAlgH
7] % SOCs8} 7k2Aksh Qi) w=oim mit b
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Fig. 3. logK,, versus logP°_for OCPs (regression are cal-
culated with confidence intervals of 95%).

7zt Aol 71&7) ¢} A#el} PO Fh-& Shoeib and
Harner 2002)7} AAHEE 318 AHE-8kSIe

23 38 OCPsol| wh3k logK, 9} logP® 7ke] 37
g Jepdl Zlolv} Pankow (1994 7h-4Ak
Zboll $PA3] H3o] o] FofAw o]BHoz 7|27
me —loj2kar sglet SOCsell W& o A7
9] A3 Azl osd mo] WHE 042 ~-1.09
= Ao —1 olsgon o AFelAE —0.54
A} (71744, 2005; Park and Kim, 2002; Yeo ef al.,
2002; Lohmann et al., 2000a, b; Simick, 1998; Foreman
and Bidleman, 1990). o] 72 OCPs9] 7}2-UA 5
= 7ol o] o] FoIA|A] ghokon, HHel| =D
& wuch A = (FTSP)7L 7k T2 (AR
o} Frh= AL ou[gd.

OCPs:= 23 Aol o) Az, Bv) R A}go] F
A= g7 wEel] A =] M OCPse
g oloh(FRIF 5, 2002a, by el &, 2001; ©]F
S =1998; £AF, 1996). T2 EokoA Fut
g 7} & sk2A OCPs: OCPsE Z3sta UA|
Qe AT 4 % 4] AL-UA vt F
o] o]2oix|7] YeiME HYol =T FEI A
Zro] Aesie} JEpd HEe =2 whg FEF

]

A =) A SEETSPES 7 94
(Lohmann et al., 2000a, b). Cotham and Bidleman
(1992)& AAz] Fgol 2ste] YAHA 22H o
JzEAAE Fha-217 7o) HYel o] FeiH me]

g aASHA A3 A4s

— 19 7ietn Bastgdc)

ol oA 7HEelE me] —0.7302 713 7]
€717} F1ggta = —0452 71 dwbeka
o} o] AL ThEol e Fo] oFste] JReM ] F7)
$de]l Az ZA4-gx Heo] 7fA-YAZ It J
ol =2 A|zlo] 2 AART Aoz o
297 wWEoz A7 a2t gl A
o] a1 7)&o] Fo} YAA OCPs ¥= (F/TSP)&
w3 7k2A OCPs 3% (A)y ¥347] dioz A7

%, TSP 5=} 54 § 7ha-9% #olel e o
Ar QAo A4H o Waiel, YAY Lo F
4. FATE OCPssh AN AR OCPs
4

ol =gsl= A o]Hr} (7174, 2005; Lohmann
et al., 2000a,b). = m Fre] —1xHc} 22 fglo=
7hsdt A2 A8E AFe gt 7k OCPs7t
GFFdl| 3251} GFFe|A a4t OCPs7} 34t
o} GFFs} PUFE #A43te] & OCPs 3=} AlA)|
971 & k2 A OCPs s 2hel7l Q&
2> 9]7] wF-o]u (artifact error), OCPs&] P°, F}2 &
Aol wheh o} zel7h glemz P ke FAH
A wE8d 7FsAx 3o (Lohmann er al., 2000a, b;
Lee and Jones, 1999; Govera and Krop, 1998; Rordort,
1989).

3. 4 logK, th logK,,

OCPs:= XA A (lipophilicity)e] 22 QJa} F2
s1Ee) B2 9§49 2Fze 39e-3)
AR K,)E OCPse) 7hada g sl
4 22 =72 o]&5}(Chao et al., 2004; Fizino
et al., 1997). SOCs2} 7}A-1Ap4d HujA 4= (K )<}
2ehe-37] AR (K el A ()9 22 @
A7E ARE, K, 2 $e- PlAS (K
Henry A4 (H)& ol-g3te] AlQ)ez 78 4 o
(Fizino et al., 1997; Mackay et al., 1997).

|4
logK,=log =m,logK,,+b;, 2)
RT
KoazKow? (&)
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Fig. 4. log K, versus log K,, for OCPs (regression are
calculated with confidence intervals of 95%).

a3 4% A Q)9 3oz 73 logK, 9 logK, T
AN 0 ZAM hn-UR 2hol] HHe] o] F AW
ARG 717 m2 1o 717 AeH(Chao et al.,
2004; Fizino et al., 1997). o}l Q7ofAl AR
71e7) m2 043202 gutslded, meo] E55
0CPs2] JAHY % (FTSP)7t 7t 3= (ARt
F &1t} Lohmann et al. (2000b)2] A4 Aol £J3}
W ojze] AFA|Ye|A AAE m-2 PCBs 0.62,
PAHs 0.74 28} PCDD/Es 1.12 PCBs ®Ro}=
PAHs¢} PCDD/Fs9) m,o] ) Zoha ko) o] A2
PCBs: b4l A7} wi2d wx giAle] =
gsle] ol ger w7 F 7kAA PCBs7F 374
Ao FFF o) Pyl xFehet] AJzte] A7) o)
Fol mye] rzra}R|al, PAHs9} PCDD/Fsx A
oA UAF AAE ] wlEg wrE on] §iA )
o =grEle] ¢l7] W&ol K7b 2 Holgkx st
I Chao et al. (2004)s EA|ZH7) &7z A9
A7tz W] Hojzl zdefa g7} F PCDD/Fs
o m& e 223 ZAeAE me] 1.23¢]
dovt aztzelA] He) "ozl X dME 1.179]
9iet. ©]7& PCDD/Fs7} AztbzoAM wi&d de
UAA} F=(FTSPY7} 7H2d T=(A)R = 3%
o1} ol EatEiA] FhA-ARZE st HEell 7Y
A7| HEelgtz ot ¢-2ietellA OCPst ]n]
o 300 Aol Azt Alge] FAHUZ &
PAHst} PCDD/Fs®tl= PCBs$} 7222 7o) i
3w, o] 7o) OCPs®] 712717} sinbdt ol =2 Hh
o

W) F 719 aA AEAS) YA B 463

4. 4

rhu

2 g7 2000 6Y8E] 20029 647HA] °F 2
g ¢} PUF high volume air samplerE Al&-8tey
7 % OCPse] 7hx-glat e olshar] Sl
48 5 ¢]v}. a/y-HCH, heptachlor epoxide, o/y-chlor-
dane @ trans-nonachlor= 7]-&ell A4glo] 90% °]
Ao] FAAAgom ZA)Eky .oy, B-HCH, p, p-DDE,
endosulfan sultate, p, p-DDD @ p, p’-DDTE 7]&o
we} kA Bgol 20~80% % Wste] 7k $&
o] 71&9] oFge W AL Uy PCBs9
PCDD/Fs 2-& 554 &2 $Ae] Fod
Fy2y Bgo) FIbekm BAFge] AR Y &
fo| ZAastAT OCPse 7iAAt B85 ¥A=F A
ool AF@A o] viehtA] &3t

727 Bl A4 (logK) ok FHdzh A 57
st (logP?y), A1 Bl A4 (logK )9} SEE-
o) B4 (logK, ) B G 787 = A7
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