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Abstract : From July to November 1999, air samples were collected from Ansung, Korea, to identify the seasonal
variation in organochlorine pesticides(OCPs). OCPs maximum(mean) concentrations were as follows: heptachlor, 14.0 pg/m'
(3.6 pg/m’); heptachlor epoxide, 28.7 pg/m'(11.7 pg/n’); DDE, 40.6 pg/m’(20.6 pg/m’); endosulfan sulfate, 98.9 pg/m'(36.6
pg/m’). The higher concentration of the locally and seasonally used pesticide endosulfan[1759.2 pg/m'(453.4 pg/m’)] was
found. The concentrations of all OCPs were higher in summer than those in fall. This pattern suggests that the
concentrations may be increased by evaporation from surfaces(soil, water, vegetation, efc) with increasing the temperature
and by much usage in growing season, particularly in summer, for endosulfan.
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Pesticides, OCPs)& A &3 589 WA 3H7 4L
A A A A (lipophilicity)& 7™ 8AF w77t +49
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trichloroethane)7t &1, o] HCHs (hexachloro
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HE&H9 Won Aoz digdiel ssd R F o
g 712 AAE 71 e #9 AR EY fd /84
o] 4, olFol dizt B4, AZo) WP AFEA A F BL
AAE 74T Yok 53] AR oM AZAg ABEAR
gFEa gl

ST FA AHEIAA FFA F4<¢ DDT, HCH,
drinA, heptachlor § EA¥ AFASL 1972~19793 Ajold]
A g AMge] FAHATD olF e RVUA AFAEZ WA
HAuok # 12 et OCPse] dxd A4S U
A, 28 JFAMT FHRF B4 R §7194A9 A
48 AFSAY AHRFAH| ojul WEHAL}. A 19709
ol OCPsy] AHE-Fe FA3 Zaso] 7tn e B ope}
OCPs= A&AlzAe] 71271 34 "ox 7tz e dFolu
YA OCPsy) FE-siAde g B ofdd] F7id A9 AMEL
2 AA =X9A PEs Qo

o dApda BN ARA grlE sEFES Bisided
o713 AATHQ 227, eastem} southern Asiad} B2, Z%
&0z 982 India® Central AmericaciXe) ¥x545Z7,
2 dolx #3, 870|9] Great Lakes, Ontario§ol A & A7
7t BaEqa™. £8 u7)F OCPse) #)§A) 7H(residence
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Table 1. Amount(metric tonnes) and type of organochlorine

pesticides used in South Korea

Period DDT HCH  Heptachlor Drin Endosulfan
1946-1955 2435 413
1956-1960 1669 1543 - 0.3
1961-19%5 1506 181.2 57.9 51
1965-1970 2864 410 1938 1179
1971-1975 934 5451 1734 133 704.3
1976-1980 544.8 1314 7748
1981-1985 8529
1986-1990 834.1
1991-1995 10578
1996-199 941
Total 9412 19077 556.6 1566 52181
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.

time)# wet/dry deposition processesel] 9% ©j7|F MAE
$8h vapor/particle £2o} ¥ 947E ¥£3) Busn g
" 123 th7]1F OCPse] $E& ZAshe passive samplert
% ohel ojat&(food chain)oAe) FaA dEol HEF F
=4F BoE 2 Rz5e] agn Yot w3 ojgx 3
AHQ BAgez FAA B, 55 FolMg Wiy AA @
& A7 qEAT Bo] o2l .

olg|g OCPs= oA LRF o) Fopolq A7} o]
oAz Yn FF UM E AE, FAE ZF WP o
FE ojRolAT o™, dirjF ¥Ed B ATE A
e 4Aolt}. £3) vt ME endosulfand #9381 BT
AHgol SRHAAT dA $AF FR4EE 4R Fohe 44
ojth. & d7eME OCPse #4727 He W71z 554
¢ wohsin AFE FTWE ZASHY o] Ropd 7xAs
24 AFstnz} gtk

A8Yd 3 Xz

At

A¥0) AI2E BE fule HPLCEE Z&3l9 Al&sigx
azoEagm g A27HSi0, 70~230 mesh ASTM, MerckAl)s)
FEAAGoE ASE AN F4NaSO«Duksan  Pure
Chemical Co)E 450TCoA 1241 o] F& 2L A3l
e {7183 OCPse ¥2d) AHRE GPC(Gel Permeation
Chromatography) Z38- 53 &2 2+ Bio-bead(S-X3, 40~80 ym,

BIO-RADALE AH8-3tgit.

OCPs EEEHL 187129 TCL Pesticides MixE SupelcoA}
(Cat. No. 48913)2 €] Frjdle] AEslgc). 383} FEAN
o] AH¢-¥ internal standard® Lindane-"Cs (Cambridge Isotope
Laboratories, Inc)& AMg-3l4Th & RE 2A7)FE AHE 45
0CAA 1243 o]} T8 F AMSAY 2&4 oMHE, HA
L YE2aveteg 77 33 43 & ALgslgld

NEHF

AEE 471= A B4tER AR 2qelA 19999 798
B 11473 25 3Hoz HHH ANE8EL 9 35 L/min
(14 days)®] o2 glass fiber filter(GFF, 47 mp diameter
Whatman)®} 5 749} polyurethane foam(PUF) plugs® ¥2%
AEHE B3 AN 0 aX Pl AAHAS. AHAAHS Fw
de FAdes 243 FYEo] YA on FF ¥y}
7Fed FRAE Al JHo 2 4 jmytel X} olu A}
&8 GFFe 450ToA 12412 o) 7Hon PUFe UEEgn)
B 250 mLE 24A|7tol4 Soxhlet 2% ¥ vacuum driero) A
Sl e Hd AAsA AHRSATE AHY ARE oojautx
o ol 4947 &7 ¥ 0T Yo AN Bas)
At

NEEM

OCPst HA-tygz2v e (91) 250 mLEZ 24A1T 3T
Soxhlet®2 o] 93] GFF$} PUF plugs2 H& 2253 A
29 35¢R} FANE A AEAH A PUFso] Lindane
isotope-g 30 ng& spikingdl et 2 € AgE ALy
%7194 2~3 mL7tA] 5%3Ac. ANEF HEHRE AA
3t7] Hdte de7tddE AMEsged 350CTAN & @
AAE7t 3 g 281 NaSO4 7HE Ao We o ¢
S 443 d2zzde 474 25 mLE e ¥ ANEE F
daAh 2 gl g4 15 mL, HA-dFz 2o (1) 12
mL 283 dgz2ve 35 mLg OCPsE £&3¢t) o
€24 HAFUFF7AA & 1 mlAA FEHPLH
AY7Ed 53 Folx AAHA g3 AEFA dob
A GHEFE AAS $)std GPC(Gel Permeation
Chromatography)@d o2 A8 & oA AA QY. GPC 7
e gi-dEzave(ll)e AH8std Yl EF} OCPsE
ARG EME AR keeper2A Td|FH(dodecane) 50
¢ L8} surrogate2 A 4,4-dibromo octafluoro biphenyl 5 ng
€ ¥uey, 248 o8 FHAY F AFFIAE 50 pL
2 3o GC/MSDE 43Ut olajd Ao AXey
£ 932 Lancaster thEe] PCB EAuW g vjxg 3o
AAZ Aotk GC/MSD9} OCPs BAZAL & 20 e
ey
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Table 2. The analytical conditions of OCPs by GGMSD

GC/MSD Hewlett-Packard GC 6890-MSD 5973
Column HP-5MS capllla.lry co'lunm
(Length 30 mX0.25 mm, Film thickness 0.25 1m)
Injector Split(10:1)
Injection volume 1 uL
Carrier gas He 1.0 mL/min
Aux temp. 300T
150C for 2 min.
30C/min to 170T
T 4°C/min to 200C
emp- program 47C/min to 237°C
70C/min to 320C
320°C for 4.09 min
Total run time 30.20 min.
Ion Source 20T
Quadrupole 106C
Detection selective ion monitoring(SIM)

EMBE OCPs §4

Heptachlor= ©]3 VelsicolAlo) A chlordene@ M=% wf 34
B2AN 2Ad #7924 23AF el SuEdMe
1962458 52 EFHT A AHgd AT B[4 $%e
2 #FH0 197988 H A R Bzt SRS 94 23
224 $3(melting point)o] %B~%TolT Z7I¢o] 3x10*
mmHg(25C)o]2 LogPow(logarithm of the octanol/water
distribution coefficient) 5.40|0}%?. Bolv =32 9fA|gh gy
29 f718vdle 2 Hed 4 9% 37, §7) B9 disly
A3 Aol Az dHMT FAsTh A& W FA
540l vz 78n Fo} A FHAFTHA LDw 40 mg/kg
S2A FEo &30t oJFAo] B3k FEFZ A% 447
golol G wAdY 9ol e ez RauHUG
Heptachlore 2%, ¥£/%F, 28, EY FoM ANAN3 dAEa
(metabolite)3] Heptachlor epoxide2 A@HTh. E§ ZHFoNA
Heptachlor epoxide 2 Aifatjo] #7Z=|3 heptachlorg 4
Y 2o oF $f, FI] KAPAIM AEFoAd
Heptachlor epoxidet §3o| 135Co|1 LogPows 540}51 &
3 FEo B4 UL F UAon Ho o FABTEA
LDy 15 mg/kgo.2 2o &30,

DDTe 18749 599 Zeidlerd] 93l $4si9im 12 ¥
19398 29} Ciba-GeigyAte] Paul Muller ol 93t} 2439
of wAd Hzo {/RAFAIt A FHUYRAMNE F
ZEe FFA FFoz A 197339% A @ Byt F

A AT 191de] AD AEFA] Hou ge 5
9 FF7 A4H3 du 2ugd. a28n AxY ¥Y, 4
A @ 7HeNE MR £F AgHoAYT Ruwd @
714 o)At Aedl FA4F 459 FAANES pp-DDToth
TAARAZ §Ho] 1085~109Co|x, Z7Igte] 1.9x107
mmHg(20T)ol31, LogPowe 619(20T)oth. Bole %2 9ot
F71&uel & Zou, dHe)ojs Bas7 4o Ho) WE F
YAFEA LDne 87 mg/kg(pp -DDT)o|T £8 HHERS o
27} ad®. DDE (dichlorodiphenyl dichloroethylene)=
technical DDTe] ¥#¥ 2¢Eo|x% DDD(dichlorodiphenyl
dichloroethane)?} §7] DDTS) 2 WhAHEAold, olSe 53|
EA% ¢g4s e 2nEd®. DDEE LogPows 4.289)
o, DDDE €3l 112Celx, Fol e FHZTEA LDw
3400 mg/kgolcF.

Methoxychlort= 33} &2]2|E(shade tree), |4, L2E(field
crop), 7139 AE % 7130 Bo] AHgslE OPsoltf?. §He
BT, 27194 10° Pa(22T)0) 3L, LogPow 4.30, 4.680|t}2,

Endosulfan(Malix - Thiodane)2 1956'd %% HoechstA}ol] A
Thiodano|@# o202 AlBE #7944 AFAZA ALde
An & HZE 78 A3AE A O ¥ 598 4%
Az EREA HAT SEveeMe 1971'de) thiolix(Malix) 2
TEHUL 19820} 449 AT HHUAE, =ohMe] A}
€2 450 gl 191 de] &3Fe FAHNen, FAE 7F
Agtdl AHEE ik §3e] 84~88Tolx, Bele AY %A
FAG QFEY fr18vlode e Hd WP FAAFEA
LD 18 mg/kgel™, 582 FHFE o]E4o] uln3 Fsixn
gdMe £ELEATLoE AFH o AL AR Qe
Ao,

Technical endosulfang g -cis-isomer(endosulfan I, §% 1087T)
9} B-trans-isomer (endosulfanll, 73 206T)2 2Agch. Qe
44 & A a-isomere & §HE ZE f-isomerBt} 4 o)
A o B2A 285e A2 wHHY. ¢-isomere &S X
oM o PP B-isomer2 i3] AYPH D, T isomergL U
718t BEANM X3 AIB}ElS peroxides E= permanganate
o 95 endosulfan sulfate(§d 181T)Z2 w2 N3gch
Endosulfan sulfatew= technical endosulfan®} 7o} 9} 3%

Y8 SU% EHE 2= oz wusg?.
41 ¥ ag

QA/QC

NEY &7 AXN] Aol A A4S A HEAA
A 3% PUFse) Lindane isotope 30 ng& spikingdled 2& #HH
fAHE AN F AU 2 A 5L 88~119%(n=5)
2 YFRFVAE PE%o A
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Parcantage of samples where conc.>LOD

B 0§ 8 § &8 & 3 3

Fig. 1 Percentage occurrence of organochlorine pesticides
(OCPs) in air samples where concentration exceeds
limits of determination(LOD). Abbreviations : HEPT,
heptachlor; HEPX, heptachlor epoxide; ENDS,
endosulfan sulfate; ENDI, endosulfan]; ENDII,
endosulfan ; METH, methoxychlor.

AgHA(LOD, limit of determination)= A% 715% HAF
=8 33 BHgle FE AL ¥ #F 600 me2 ro] BEY
HEZHUAE 73l (YFHBXEFHNE ANSRS 2 23 4
A48W LOD¥E heptachlor 1.6 pg/m’, heptachlor epoxide 1.6
pg/m’, DDE 18 pg/m’, DDD 24 pg/m, methoxychlor 21 pg/
m, endosulfanl 84 pg/m’, endosulfan [ 124 pg/mw B
endosulfan sulfate 7.1 pg/me& heptachlor, heptachlor
epoxide, DDE, DDD 3 methoxychlore 4322 & ZEg

BHA endosufan I, 0 ¥ -sulfates Hr} @ AL E WY
. £§ Blank =& Z& ¥ s LODG Bt P4 A
ZAEUT Fg 12 8 33AHoM OCPs HEY AX
(indication of the occurrence)2A] 2+ AJ¥-o tjs) LODHET}
e @& e MEEY HHEE veld Aojth. DDE,
endosulfan I (END I ), endosulfanI(ENDII), endosulfan-sulfate
(ENDS) ¥ heptachlor-epoxide (HEPX)= Ag8% 90%
ol4jeo] ZH&E ¥HE DDD, methoxychlorMETH) %
heptachlor(HEPT)& Al&% 30%°|3ttto] &= Utk

g7 sk

E 32 1999 79%H 11497h4) OCPse] $EE& 293l
vehdl Foltt. Heptachlor, heptachlor epoxide, DDE, DDD
9 methoxychlor] F:=¥Ae F4 pg/mE Holy Wi
endosulfanfe FA~+d pg/me TEFEE RYt 53
endosulfan | % 09 YAEFEE 77 6177 pg/m'(184~1827.0)
5} 1533 pg/m'(220~569.7) 0.2 433 & FEFFE HYs
o, ol& feuztelME endosulfano] =X e] AHR-2 FA E 2
AT A= Thiolix® AlFdM FFHI A7) JE2Z2 A}
EE B 194¢ o] fejuielA 19987 19999 endosulfan
(1+I)9) 233 4z 459} UTELE o}Ax FF3] ALY
i 9tk DDT= 9% =2 LODE W7|FdM &A% 84138#
ZRA, DDT7F 845NN MM Easo] dAd=e dAE
A(DDEs} DDD)Z DDE7} 4%3% 25 #9% & UAch

Table 3. Collection dates and OCPs concentration (pg/m’) during July - August 1999

Collection dates Q(m) HEPT HEPX DDE DDD ENDS END I ENDII METH
July 6 - July 20 577 NA 119 29 N.A. 404 7725 137.8 N.A.
July 20 - Aug. 4 717 9.6 219 384 N.A. 713 1002.4 2138 NA.
Aug. 4 - Aug. 17 635 <16 105 19.0 N.A. 205 396.6 70.1 N.A.
Aug. 17 - Aug. 31 646 86 242 406 183 63.7 1827.0 569.7 23
Aug. 31 - Sep. 14 580 140 287 399 245 98.9 14%4.8 2644 281
Sep. 14 - Sep. 28 655 <16 46 101 N.A. 149 2022 36.3 N.A.
Sep. 28 - Oct. 12 622 <1.6 8.6 16.7 N.A. 20.2 306.4 73.8 N.A.
Oct. 12 - Oct. 26 612 N.A 29 7.7 N.A. 147 95.2 777 N.A
Oct. 26 - Nov. 9 646 <16 28 74 NA 141 61.0 220 N.A.
Nov. 9 - Nov. 23 541 <16 <L6 34 N.A. 73 184 67.8 N.A.
Mean 36 117 206 43 36.6 617.7 153.3 32
SD. 51 99 144 91 311 638.1 165.6 19
Max 140 287 40.6 245 98.9 1827.0 569.7 281
Min NA <1.6 34 N.A. 73 184 220 N.A.

*Less than LOD(limit of determination).

N.A.(not analyzed) and < LOD replaced by 0.0 and (LOD/2) pg/m' respectively when calculating means.
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EF feuetold 197994 ALg3 Bejrt 22€ heptachlor
< 40| tf 3§ dlAlE 3 hepachlor epoxideC @ 433 A§
so] t71FeME o 3 FEE BYY 239 heptachlor
€ oMk #AF AFEE VUY & UAJD BolsiA S
yztal A @i} Aol FAHoZ RS A L methoxychlor
7b AEEAe, ol ¥ FUIEUd A7l 2EY W
7} UE Aoz Alg g

2 FAAHNM Y OCPse] FETFL FABH 98 Ry
Central America, Southern US, Southern Ontario, Lake
Superior ¥ ArcticojX¢] FEEE E 4¢] a9k3gch Central
Americar OCPs9] A wExgoz Aotsles £og 19
5~19%d9 F33tg=tl, A4 32¥ DDT9} tjAHZa<Ql DDE
% DDD7t wf$ £2 F% £F& HAAW, 94 A8 28
heptachlor} heptachlor epoxidee 232 2 d7dAyc o
$e FEE BT

Hoff 52 PCBs¢t OCPse] AAzis4o] ¢ AL F33)
71 918 Canada Southern Ontario?] MY HeA 1988~1989
U7 2% 1433 7}24 OCPsE 233Uy’ o Aoz
A AHFY endosulfanllZ} 7H ¥ ¥EE HYPow, B
FAAHY FEE o] Y of 048 FFoIUk £ Ry
9 OCPs7} o] AYHY Fe & $FL RYth IHAH
Canadian Arctic#} Russian Arcticql, Alert, Tagish ¥ Duaniol) A
1992378 wF ZAH 2#4F 199939 PFFEE BR g4
o8 UgldlA AM-%9 endosulfano] 7} E& $EE HYR
g g d7Y sZRbOe ¥4 92 £3E Hgen 19
OCPsE & d79 FERT ¥4 ¥e 5458 1o

& A7olMe FEFEL HMAYQ Canandian Arctics}
Russian ArcticH U= o 30 ~ 2608f ¥4 =9kon, Southem
Ontario$} Southern US.¢h= 2zt WAy} §Als 228 ngo
o AAA wEA9Q) Central America®l DDTS} thjA}E o]
FETERTE e we AL ¥ £ U

AHE & H3

FH7IVEL HEFLEE AEdE 2620(44~285)03 7}e
de 155C@4~2052 APE 10Tl LEA4E2 By
OCPsel g9 AHY WSE 2AW3}7] A8 & 59) OCPse}
2x9te] FauAE sosgct LODEG =& A847} 30%
o} 32 heptachlor, DDD 2 methoxychlore #)9]3}gith. OCPss}
Lx9 JHdAE WAZ 5 Yo JABRAE Bdey o=
2EHFEN EY B, A8 Fo2HE w23 22 airsurface
exchanges} BHSE AL %7} Z71%o] wel o]S matrix
A9 Hd BE dr1F FE7F F7H Aog AlgEg? B
8] DDTS] dj+t24d DDE7} 7b% 93 AoaA(p<00)g »
e endosufanfe & OCPsErie 97t Yo Auuis
HHA endosulfanT& §T FHBAE Kol stch d)
= AHEF endosulfane B¥EFHYAE A8 F2 2in 48
Fo AHEHT JUFog AHEFo] Fe Lo gr]F o
Hadeg F2 Ao RHE FRald e AnpiE
HYd Heg Alg®ry 183 Technical endosulfane [ 64~
67%, 0 29~32%Z FAH=Y, £§ §30] o £& endosulfan
02 endosulfan] & A8l of WA Adgoe] 2 LA
& §A4FNM s ¥t t7]F endosulfan [ /9] Hl&&

Table 4. Comparison of OCPs levels in Ansung and other locations

Period(No. of sampley ~ HEPT  HEPX DDT DDE DDD  ENDO METH

This study July 9 - Nov. 99(10) 36 206 43 153.3 5.0
Central America”

Belize city JB;%:S_ ‘Z‘l‘;&gg% 08 4745 443 142

Belmopan ]Ef;' 9965 N i‘:; ZZ((?) 18 510.0 3388 480
Southemn US.” 19
Southern Ontaric™  July 88 - Sep. 8%(143) 58 20 53 09 350 17
Arctic?

Alert 1994 0.03 128 017 052 4.84" 027

Tagish 1994 0.05 147 022 0.71 833" 040

Dunai 1993 0.05 092 0.14 0.36 299" 041

# concentration of endosulfan( I +1).
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Table 5. The seasonal variations of OCPs in Ansung :
Correlation with temperature

HEPX DDE ENDS ENDI  ENDII

T 0.738 0773 0.638 0671 0460

p-value < 005 <0m < 0.05 < 005 > 0.05

Summer/Fall ratio

ENDS HEPX DDE ENDII END i

Fig. 2. Seasonal variation of OCPs in Ansung : ratio of

summer mean/fall mean.

ZA A3 endosulfan ] Y [19] £ FFPLE U} 79 6
YRE 104 RY7AE P 49 32~57)9 £ HEE B
Ao 104 12URH 119 BUoe HE 14 (03~23)2 vl 0]
ujg stolzl oz AlgEG. o|%t o] i E - H¥H £
A W) F isomer7} 2oke) FaBA Aol7h vEhd AL
2 AzdEd.

Fig. 2& dg# 7129 $=4EE ulady] 3 J&Yas
E/7HEEEE 81§ JeRd Aotk endosulfan [ 3 I7} 7}
B} oFo] 254 o]Fo2 713 & Aolg Ried, HEdE
9 zol7t & ALEE A AHEFolgde AL 43E & Uk
th& OCPs?l heptachlor epoxide, DDE ¥ endosulfan sulfateT.
17~2182 oo} 7HEHT 333 52 T8 BYL & +
Atk BE OCPs7} 7Heof uls) & £ 58 2

2 o

A% A UM 1999 7HREH 11€7A 253
Aoz ur|F OCPsE AU dAx AMEEQU 2oz B
1% endosulfan 13 09 w7l 2 Aol AHE FAd t&
OCPs9} tjAlZde st J4 Fdd 2:2jn B3gEd
heptachlor® th= thAHE A Q) heptachlor epoxide’} O & %
€ B4tk o]AL o] Aol AEH A 4T3 HRAAD, BRF
oA EAol g tAZFIE AP FFEL € + AU
a8ln 2 OCPse 718 dEd £& 558 24tk 2%

7} ¥& oFol airsurface exchanged} UWHE HPgoz ¥
7 BobA 1 &7t ¥ 718 Tl 2AEE ¢ 5 AN
o} 23 Aot endosulfan | & £%9] FsRnl olel AL
I3 BHAol e Aoz AlgHUL

AL A
o) EEL PAYRRY A7 APos Zysgov, ol
A =3,

B2nEd
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