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Abstract

Atmospheric concentrations of organochlorine pesticides (OCPs) in Seoul, South Korea between July 1999 and
May 2000 were determined to investigate concentration distribution in air, relationship between concentrations and
meteorological conditions, and apportionment of sources e.g. local sources (air-surface exchange) and long range
transport. Endosulfan and o.—HCH were the highest concentrations in atmosphere with values typcally ranging
from 10s to 100s of pg/m>. These high concentrations may be attributed to their usage, period and chemical
property (Koa). All OCPs also showed elevated levels during the summer and were positively correlated with
temperature. This would suggest that a seasonal enhancement was due to (re)volatilization from secondary sources
and application during the warmer months.

The temperature dependence of atmospheric concentrations of OCPs were investigated using plots of the natural
logarithm of partial pressure (In P) vs reciprocal mean temperatures (1/T), and environmental phase—transition
energies were calculated for each of the pesticides. For OCPs, temperature dependence was statistically significant
(at the 99.99% confidence level) and temperature accounted for 35~95% of the variability in concentrations. The
relatively higher slopes and phase-transition energies for o.—, y—chlordane, endosulfan and endosulfan sulfate
suggested that volatilization from local sources influenced their concentrations. The relatively lower those for o,
y-HCH, p, p’-DDE and heptachlor epoxide also suggested that volatilization from local sources and long range
transport influenced their concentrations.
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Table 1. Amount (metric tonnes) and type of organochl-
orine pesticides used in South Korea.

Period DDT HCH Heptachlor Drin Endosulfan

1946~1955 2435 413 - - -
1956~1960 1669 154.3 - 0.3 -
1961~1965 150.6 1812 57.9 25.1 -
1965~1970 2864 441.0 1938 117.9 -
1971~1975 934 5451 173.4 13.3 704.3
1976 ~1980 - 544.8 1314 - 774.8
1981~ 1985 - - 852.9
1986~ 1990 834.1
1991 ~ 1995 1057.8
1996~ 1999 994.1
Total 9412 1907.7 5566 156.6  5218.1

DDT : banned in 1973, HCH : banned in 1979, Heptachlor : banned in
1979, Drin : includes aldrin, dieldrin and endrin. Drin is banned in
1971, Endosulfan : uses since 1971
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o} A 82 # = glass fiber filter (GFF, ®47 mm, What-
man)®} F 7§2] polyurethane foam (PUF) plugs& <
A% BEHR slgom, AR AFH fFe o 351
/min, 254 <k of 600m’ H=E AFH3tA
GEF: AMH 450°ColA 12417 ol 79 2.
E4g AAslgder] PUF: o= 2w (DCM)
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3t Al8e g FEAAE sl A=
A% A PUFe| y-HCH isotope (Cambridge Isotope
Laboratories, Inc.) spiking 3l e &% A|s
£ F920x2ol04 o 2min 3T F A
2]7} ¥ (silica column, W73 9 mm)& A}-4-3}e] u}
Z2A S A5t} =g Bio-bead (S-X3, 40~ 80
um, Bio RadAh)E Z%13 GPC (Gel Permeation
Chromatography) %] (W74 26 mm, Z o] 460 mm)-&
AHgste] Alg g AAEG o] $E9E AL
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Table 2. The analytical conditions of GC/MSD.
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97} (dodecane) 50 pl, internal standard 2] 4, 4'-
dibromooctafluorobiphenyl (4, 4-DBOB)Z spike3}
©}& hot plate YA} L2 4uE HERIE 50
W7HA] 52 A7 & gas chromatography-mass selec-
tive detector (GC/MSD)& o} &8} EA8191).

OCPs:= 77+ Hewlett—-PackardA}2] gas chromato-
graphy-electron impact mass spectrometry (GC -
EIMS) % ShimadzuA}$] gas chromatography-nega-
tive ion mass spectrometry& o]-8-3}e] BA3l9j0
o, ¥AEAE = 20 Jephgdnh wd Age) A
4% 2E $vi: HPLC gradeE A FF3be] A4
31sie.

2.3 Mz gal(QA/QC)

Alge] &3 AAY HA A FAeEE
Aket7] flah A Al M % PUFS} GFFe] OCPs X34
4 4ng/ulg Fsled 2w Axg AAE AR &
3)9gS Aasleh & 3elM BReo], OCPse] 7t
AR Fg g o 73% (57T~111%)°l g+
= 71719 &34 (Limit of Detection, LOD)x= 7+
AEES ¥4 b AA vEE 532Xl
P73 o] HEe =FHAb 36ld e
o8le] (LOD = ¢ +3 2FEHAP) &34 »x2
AEslglen, o] 8 Fxd S W7 F =
2 ke ES AEEd Az 92 3
(0.17~6.16 pg/m*)& R}

GC/MSD HP6980-MSD5973 Shimadzu QP5050A
HP-5MS capillary column DB -5MS capillary column
Column 5% diphenyl & 95% dimethypolysiloxane 5% diphenyl & 95% dimethypolysiloxane

30m X 0.25mm X 0.25 um

30m x 0.25mm X 0.25 um

Injection volume 1ul(Split 10: 1)

2l (Split 10: 1)

Carrier gas Helium 1.0 ml/min Helium 1.0 ml/min/Methane (reagent gas)
Aux temp. 300°C 300°C
Injector temp. 250°C 250°C

150°C for 2 min., 30°C/min to 170°C,
Temp. program

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

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

Ton source temp./

Quadrupole temp. BoCNs0C

Detection selective ion monitoring

selective ion monitoring
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Table 3. The recovery of spiked OCPs in filter and PUFs
and limit of detection of OCPs.

% Recovery  Limit of detection

(N=6) (pg/m’)
Heptachlor 8617 1.20
Heptachlor epoxide 6413 0.71
Y-Chlordane 57+8 1.41
o—Chlordane 59+8 0.91
Endosulfan 70+8 4.19
Endosulfan sulfate 111+13 0.25
p,p'-DDE 65+4 1.56
p, p’-DDD 7343 6.16
p,p’-DDT 86+7 1.01
o-HCH 73£6 0.19
y-HCH 62+4 0.17
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% HAE AE F o8 37 WA Fe OCPs7}
Fen Adgel 3] HehlX® BaET 9led,
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57} o ¥t (Alegria et al., 2000; Halsall et al.,
1998; Monosmith et al., 1996; Calamari et al., 1994;
Trenolada et al., 1993; Hoff et al., 1992; Ramesh et
al., 1989). =3 o|& HAIEAE R AFANF
gt AdRo=z oelx 9lrth Heptachlor: ¢l
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A&t 73454 LDso 40 mg/kgel HHH, A<l
hetpachlor epxoide¥= LDsp 15 mg/kge 2 o8& FA
o] 7}3}m (Milne, 1995), p,p’-DDT9] A2 el p,
p-DDE% A apd Ao A o] S4e) stz 2
G e Bda2 d=A gl (Vinod and Tmran,
2001). Wabr] o]5 OCPs7} B4 FlM AAls] £
5o} FEpFe] FastATL, Al dA AH
Aol 2 dAEAR AstEe] AztelA 4 AW
¢ FAdE & 4 Aok

HEE9] OCPse] 7 FEe +~54 pg/m’E
Ho]x uly, endosulfans} o-HCHE 4% pg/m’e
2 % 5 FEFEE BT o422 104

A
B%o], endosulfand- 87 F W2 AFA o Fel
oPAE FAste] we oFo] AgHT Tk 2w
#73% AFAel ¥ HCHs: Abge| 39 OCPs
Z 71 w8 ofo] Al4-E¢l.ow, technical HCH %
o-HCH (55~80%)7} y-HCH (8~ 15%)xc} ¥~
o] Z=A)38}7] WRoz Als ¥} (Breivik ef al,
1999). Hasall et al. (1998)& B-IoA AF G A=
% 90% °]A4tell A endosulfane] Z&Fglow Al
3] 2L 2rvg ¥9id, o]JHAL endosulfano] FH
AF ARAL FARE ok B2 vl Abg-
A Sel elEo] FEHA oI AAE 2T
Aoz Buslgch =& IF 164 BKeo], o] 59
Koa (octanol -air partition coefficient)x o2& Al
ulal ol FAwA A A7z wiZo] Loldtm

Table 4. The summary of air concentrations (pg/m?®) of
organochlorine pesticides in Seoul.

No.

Mean Median SD” Max  Min >LOD?

(of 19)
Heptachlor 1.2 ND» 39 168 ND 4
Heptachlor epoxide 2.6 1.1 39 170 <LODY 16
y-Chlordane 19.2 70 336 1475 1.7 19

0.-Chlordane 233 75 381 1550 09 19

Endosulfan 3294 1422 3832 1086.2 89 19
Enodsulfan sulfate 60.6 6.0 109.1 3156 ND 18
p.p-DDE 8.6 78 67 290 ND 18
p.p-DDD 57 ND 129 442 ND 4
p.p-DDT 245 ND 703 3077 ND 7
o-HCH 2329 929 4648 19773 344 19
y-HCH 387 11.5 727 3126 5.1 19

1 standard deviation,
2 the number of samples more than LOD (limit of detection)
3 Non Detection, ¥ less than LOD
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Fig. 1. The relationship of mean concentrations of OCPs
in air and log Koa (octanol-air partition coeffici-
ent). (A : y-HCH, B : a-chlordane, C : y-chlor-
dane, D : p, p’-DDE, E : heptachlor epoxide)
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Table 5. Atmospheric concentration of organochlorine pesticides in various countries (pg/m?).

Location Year o-HCH y-HCH XCHLs p,p’-DDE Endosulfan Reference
This study 1999 ~2000 233 39 46 9 329(79%)
Arctic (remote) 1994 40~78 10~16 1.6~35 03~0.7 3.0~83 Halsall (1998)
Eastern France 1993~ 1994 Sanusi (1999)
Aubure (remote) 170 599
Colmar (rural) 218 1034
Strasbourg (urban) 287 1533
u.s.
Denver (urban) 1985~ 1986 58# 15 Foreman (1990)
Chicago (urban) 1995 110 150 150* Sofuoglu (2001)
Galveston Bay (shore) 1995~1996 79 136 112 12 Park (2001)
Southern Ontario 1988 ~ 1989 145 60 50 53 350* Hoff (1992)
Canada, Alabama (rural) 1996 ~ 1997 92 50 82 22 Jantunen (2000)
Central America Alegria (2000)
Belize city (urban) 1995~ 1996 - 53 59 339
South India
Porto Novo (rural) 1987 ~ 1989 15,000° Ramesh (1989)

Y CHLs : the sum of heptachlor, heptachlor epoxide, o~ and y-Chlordane, endosulfan : the sum of endosulfan I and I
# the sum of o.— and y-Chlordane, * only endosulfane II, — : Due to the high breakthrough values, not reported

$ the sum of o, f3, v, -HCH
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Fig. 2. Organochlorine pesticides vs time : (a) sum of organochlorine pesiticides and temperature, (b) >DDTs (p, p’-
DDT, DDE, DDD), XCHLs (a-, y-chlordane, heptachlor, heptachlor epoxide), HCHs (a-, y-HCH), SEND

(endosulfan, endosulfan sulfate).

FE 7R LA A 18 A4z



24 97 & £7]

FAE S AE 4 5 U

SHCHs st 793 84 v|2F Moy} 9
Yol F4%] AT F ALl AT o= +F
FA3hH= 4 deon, dHY s w/dH s

=9 v7h 222 E}% AEEel vlE 7H A=
F& B4k 2% 2(a)0lH BEe], OCPse 2=
3o} AR ARE Hold, OCPs: L= 4
FBA A 0.69 (p<0.05)2 EAZ o=z £2314
om, 7t OCPs® %8} 045~0.889 A#A 4+
Boj £x9] od3ke] & & & U 2FAT
F&3ke] ARA4E —0.06~-0370)g 00, 4
Moz fos1x] gokrt ol AL a7 AdHe
2 7 FA71 AdHez e FrlE Wi
%oz <3 F=7 F&Y AL TESA %
7 l HEo g Al ¥ 298, OCPs: U
= i}% B, 7)o ) Algel] W
Eof] &3k ko] A3 73] HE

e
)\EE

B °F o

0{14

1 of O}f

25t jEH =

ol
47 F =9 7122 B4
TAE Boloh B7] F OCPs2
dur B AZHYY opBo] 7)o
&g o) AEmozRE] sl Aoz oelx
gt} o3 OCPse] Wj7]2 83 dr|s e A
2 9l AujAEE “grasshopper effect” 2 v]f-% o]zl
t}. Grasshopper effect= OCPs¢} 72 SOCs7} 712
o] & Wt A% AN 712 Hesia
7]&o] vtelxd w7] & SOCs7} @Al = Az
(£2)HE 4oz SOCsE 7] (AR)el we} o
Ha st AFE wbadd A3 SOCs7 A
W7 A} e AAZl Seatd] vbEFEHA] o] E3 =
AE 4@t

SOCs?e] t)7] & Y=o Lxr} u|X= J3FS
| A3}7] H8) w2 dFASo] Clausuis—Clapey-
ron (COAE o) &3 gton, & A3 Yzl
we FERoA st} (Sofuoglu et al., 2001;
Simcik er al., 1999; Halsall et al., 1998; Hoff et al.,
1998). SOCs®] %z 24} (partial pressure, P)o 2
ARgET, A= (K)9] el disle] 3AME
299 =9 HH49 AF2RE Aol
(phase transition energy, AH)= AAFE 4 qlo}. o]+

daAd 43 5247 U NE FY 28]

At

AAeldiA= B B =8 AlE WA 47
2 A elstd Hag oy e|ut 71&7] 9k AR
ool V]R3 7t SOCsel| dis] o8] 2= oA
subcooled liquid vapor pressure (P°L) W KoaZ A Ak
7] 18 AYA d79 2353 vnd 2 U
TkeF SOCs7t dj7]-&=zbell 3 o] At H¥ o
T A eld, EAE V7 2A 2= o
g Ze A 2734 FAE PoLEE Koa
o] 71714 vy Aeloh wekA d7] & SOCs
wrwgel 2xrt dupt AuiA el g F=A
o} = Qs AAQl oIk 7|-e7])9 AbA
ool A& o] &8l F&F 4 Qlvh dntHor 7
€71 (s} ARAR 7} 45, W7 F vEE
227t Aishe A7) -2H 3ol 27 Ao,
@2 7E7]e} AAASE 02 AdRE F, oF
(advection)el] 2]3) Fx=7} ¢Jfg WL Hoz 3
¥ 4 st

2 6 CCAl& of4-3le] A4 OCPs2] 7]-£7],
ARAG D AA elevA] (/mo)E vebd Aol
o}, o]ul FH&EuIEr} ¥}& OCPs (heptachor, p, p’-
DDD % p,p’-DDT)-& A|9J3ldct. o] 3|7 4]elA
e 2R o) %& B3, dRe Lxs)
Zohel we} A7) 3 sEsb 2he el
Rolch. £xske] S2HelA o-HCHS| =& p-
valueZ} 0.007, 18] AR E2 5'.—‘.1 p-value7} 0.001
olstz S folat #A S B OCPse) 7187
(m)2] W$lE= —4,918 (a-HCH)~ — 13,928 (endosul-
fan sulfate) 2 Ryt ©=3 25+ OCPs Fx W3}
2] 35.1 (0-HCH)~93.5% (endosulfan)2 =3}
=},

Z 6ol =3 2 AEEe d& 2= 2
A AgHer fx3 PoLEE Koad] 7]€7] ¥
AR elAvAE AASRR. PoLet Koad] 7]&7]
Y AR elolA: ezl wd SFeleom,
o]5¢] 71e7lel W= —8233~ -104880|gl}
PO Koaf] 7171 U AHol| Wgt ZA =) A6l A
o Fejge 493~1353%% vehllch S5 -,
o—chlordane, endosulfan % endosulfan sulfate2] 7]
&2 90% o)A or oE AHJozHE o]Fel
& Anuct rye] TnezAeine Hiud o
£ A%e #2334 AUk

=3} Hoff e al. (1998)2 7]

—_

Z SOCs9| »=7}

J. KOSAE Vol. 18, No. 4(2002)



A

282 Hulg - - -

w - 4190

iy

Table 6. Results of the Clausius-Clapeyron plots show-
ing slopes (m, Section A) and AH (kJ/mol, Sec-
tion B) values for organochiorine pesticides.

Section A
Pesticides m SE* p-value r?
-7267 1061 <0.001 0.734

P, m® Koam®

Heptachlor epoxide

v-Chlordane -8886 1058 <0.001 0.806 -9709
o~Chlordane -9931 I111 <0.001 0.825 -9866
Endosulfan -12643 809 <0.001 0935 -9917
Enodsulfan sulfate  —13928 1949 <0.001 0.773 -10294
p.p-DDE -5167 806 <0.001 0.720 -10488
o~-HCH -4918 1621  0.007 0.351 -8233 -8537
Yy-HCH -5973 1522 <0.001 0475 -8475 -8362
Section B

Pesticides AH SE  P°% AH* KoaHP
Heptachlor epoxide 60.4 8.8
¥—Chlordane 73.9 8.8 81
o~Chlordane 82.6 9.2 82
Endosulfan 105.1 6.7 82
Enodsulfan sulfate 115.8 16.2 86
p.p’-DDE 43.0 6.7 87
o~HCH 40.9 13.5 69 71
y-HCH 49.7 12.7 71 70

2 Standard error, ° Hinckley et al. (1990), © Lee et al. (2000)
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A
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