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Organochlorine Pesticides Concentration in Sail
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Organochlorine pesticides (OCPs : heptachlor, heptachlor-epoxide, o/y-chlordane, trans-nonachlor, p,p'-DDT
/DDD/DDE, endosulfan/endosulfan-sulfate and o/B/y-HCH) concentration in soil was measured in rural area
of Anseong. The average concentration of p,p'-DDE and endosulfan-sulfate which was 0.354 and 1.159 (ng/
g dry soil) respectively was high, but other OCPs concentration which was below 0.104 (ng/g dry soil) was
low, and OCPs residues in paddy field soil was higher than in farmland soil. OCPs concentration in mountain
and ground soil which OCPs had not been sprayed directly was relatively lower than in agricultural land soil.
The concentration of metabolites (such as heptachlor-epoxide, p,p'-DDE/DDD and endosulan-sulfate) of hep-
tachlor, p,p-DDT and endosulan was higher than that of their original components concentration. It is known
that OCPs residues of Anseong rurd area soil were lower than them of other countries.
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1. M = 712 3E OCPs= ¥719] o5l ¢Jsle] 43 km
7 AR olFo] 7hsstEE 7l AAFE R
AEAE Al A SEled ol 7P OCPsE dls S8 vivlial d8s 3géh, B
Fo% 94 F shdolth 53| fr19LaA AeA 2 B2 VIES el Jom OCPse BEY F
(organochlorine pesticides, OCPs)= #53 AWS  f7lEel ST 2822 oln] 30 d Aol -2
oifsh=t] 7P S Folern® Al % ulellA OCPse] A4k ARgo] FEEAARE A|F=
UMz 2o o] ARHATH, T2l OCPsE  EXS v Aol nisle] o F83 7] &
TE AZA A9, o], o 2 A2 A OCPs9 23k A8 d&g 3ol glom Bk t)7]
of & o8] /X FHE dormE fyelE HE  F OCPse HoAEs Sdlo] A=z fyuenzd,
gk O F2e] #u] ZhsollA] ou] oF 3001 | Aol Al o]#$ o]fE r] Ao E BEY Fol EAlEE
ZoF AREo] FA] HAINE 3 FollA] @AFAdol & OCPs T8t A5l tigh A7) 3] Jgdsx 9l
-713}8-& (persistent organic compounds, POPs)°|=  x|%+ $-g|ugloA+= PCDD/Fs, PCBs ¥ PAHs %
2 o7 ti7], B, H¥E 2 A T EmiA] ke POPsell H|ste] OCPsell that A7F vi-¢- vy
oM o] AEHL AT, 3k o HOILIBID,
OCPst %4 (rain outs} wash out) ¥ 7A2] o 2 AFe e EESHEEAIAT HAYE &
o5l thrloA B, A8, A 5o SAMAR EA|YoZ OCPs] AMgo] B 7= odollM B
A=Y 7]20] & v ] gi71Z2 JdEch o ¥ ol ZHehe OCPse] E7¢t &% X tiate]
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ZAMATFE Ao Z OCPse] AAd vixl= G} =; 24. F& 4 HN
AR FolA OCPs =8 tigh 7124 A52 & EYAIE 15 g(wet weightyS F3]3le] vlo]7ol] ¥
|8 BFog A7t FYEHIA. 3 7)ol FERA 9 35E P 9lsle] internal
surrogate standardE spikingdt & FEAAE 95k
2. Alg 3 diY F-438AME F(anhydrous sodium sulfate) 30 g& %
3 23] £35St A|§E glass thimbleol] %7132
2.1. A|I= ;3 DCM 100 ml®-2 soxhletoll ] 24X]7F FZE3190m,

EWPAEE 20029 4¥ A SAPE AIREZ] A KY FES A Ee FRMUEF 16 g2 AR 2
A FHe| =3 A FHOE AFHRNeH, &4 A 7E TIAA FFSske SRS AASK Y UHA A
A G 4~63L2] BEYS Zo] 5em=z AF 5] E3S Ay wHe 7] =2 71&Eo] glog 7igks] o
Atk 2WF e A BE steel mesh(=2mm grid size)® Al 7]&3PA 8%9 AE°) hexane 1mkS FY3I2L

AT thyr Sz AHE el ¥ dFvlE &
AT Wgste] ofo|xutie] Yol AR &7 v
BN A7kA] 20°0C Yo Basiaio)

I AZWEZ70A OF 1 m7HA] 2350 B2E A
2+ g7 Z249@F7 10mm, Z2°] 300 mm 23
o Agl7tA 3 g} Ao FrES 1 g8 54
sle] DCM 30ml¢} hexane 30 miZ Z-HS A1)l

e A|BE F93l hexane 15ml, hexane-DCM(1:1)

22 EQ = [=1] %7'% shal =X

=
=

T X I=k=] (=}
EY T FETSHS 105°CAM 1247 A=E vy 11ml, 28|22 DCM 15ml2 §&3l A82 AMg-s}
dAIAClE A Wgsled Az AFe] FAXZ At Atk &% AEe IASEEFTIAM Al oF 1ml
sttt B¢ & fr71=(organic matters, OM)®] &+  7HA] 553 th= bio-bead 12 g A% GPC 2
S FEFHFS ST ASE 450°C A7ZoA 124 "R 20 mm, Aol 300 mm)o] AEE FYSHAL
7r 73 o "AACIE A st FE 9] hexane-DCM(1:1) 140 = &Z3I¥=d A 34 mie=
FARRE o]&-ste] Akt HE 2 YR §&dE A 52 ARESIG o] 59
< FHFLEETINA & 2m7A] FE5T T vial
2.3. A<F Z &7A keeper24 Z=d|Zt(dodecane)’} recovery
Ao ALEE BE fre AFseF B48-% A8 surrogate standardZ spikingsly FAR FESl]

sttt AZ=ntE g A 7HASIO, 70~230

mesh ASTM, MerckAh@} YA} FEFIAUEF Table 1. The analytical conditions of HRGC/HRMS for

(Na,SO,, Duksan Pure Chemical Co.)> Z+z+ 350°C OCPs
S} 450°ColA 2447k ol AT A AMgsteirk.  HRGUHRMS  HP 6890JMS-700

HP-5MS capillary column
5% diphenyl & 95%

GPC(gel-permeation chromatography) Zr# ol bio  Column

bead(S-X3, 40~80 um, BIO-RADAHE AME-3ATY.

” . dimethypolysiloxane
OCPs 37892 Supelcortoll ] Fulgt TCL Pes- 30 m x 0.25 mm x 0.25 pm
ticides Mix(Cat. No. 48913), o-chlordane(Cat. No. Injection volume 1 (Split 10:1)
48192), vy-chlordane(Cat. No. 48193) %! trans-nona- Carrier gas Hel(i)um L0 ml/min
chlor(Cat. No. 48137)5 &3slo] ARE-31912™ inter- Al.lx temp. SOOOC
Injector temp. 250°C

nal surrogate standard= '*C,,-lindane, *C,-DDT,

: 150°C for 2 min., 30°C/min to 170°C,
13C ,-dieldrin, d,-endosulfan(Cambridge Isotope La-

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.
EI
SIM
28~35 eV
6~8 kV
>10,000(10% valley)

Temp. program

boratories, Inc.)E, recovery surrogate standards
4,4-dibromo-octafluoro-biphenyl(Supelco)S A3}
th & BE fF7Te 25TE AFs] 143471
acetone, hexane @ DCMOE z}7} 33] A|x3 vk
A&t

Ionization mode
Detection
Tonization voltage
Accel. voltage
Resolution




F23)2 50yl 3l HRGC/HRMSE 41319t}

2.5. 24

AE BA 2AL Table 13 72oHD,

2.6. QA/QC

OCPsol| U3t HRGC/HRMS?] AZ&sHAE 02~1.3
pglell e EA RS Hit 348 89.8%(66~
116, SD+11.4%)2 433 348 Hith 2 Z=AHAH

o thgt o|FA)E (duplicate)®] 49243, F A5l W
o] Al 4*(coefficient of variance)x= 15.2%(3.5~25.4%)
< YErRI &, Aol X3 13 A7]= kol=
|39 3uf o]l Aol ghsisit.
3.4t A n#

3.1. EY & R/7IE s

EFF TI"7 15 e =EdoMs Hd 45%3.7
~5.8%), YEYINME= B 2.9%(1.3~5.0%)% =EYF
T = ?:}'D'EO] W 011*1 Hot o] =34t} 4k &
5 EY T AE e 247 1.3%9 05%= =
oL} WESQfA Hrt Bol Ydth

32. EZ & 0CPs sk
Table 29} Fig. 12 A EY 5 OCPse] 77
FEE Yehd Aot} pp'-DDES} endosulfan-sulfate

Table 2. Organochlorine pesticide residues in Anseong
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Fig. 1. OCPs average concentration in soil.

o BitEEe

0.3549} 1.159(ng/g dry soi)® Thi
=0y Uymz HEELS F%(<0104 (ng/g dry
soil)7F =4 ¥gkor, %EE%W]HQ] OCPs %7} &
EgolMe sErth o #=¢kth 2ev OCPs] 213
2 Ax7 QIFY AR ddde A 25 E
01:01]}\1‘:_ lz_,,]_ Hl—/] EO}:H’E], 7]_ H u—ol-];], w
heptachlor, p,p-DDT % endosulfan 5 OCPs®] -5

Hrh= thAMEES]  heptachlor-epoxide, p,p -DDD/
DDE ¥ endosulfan-sulfate®] 5%=7F o =}t}.

3.2.1. Heptachlor
Heptachlor= T]=F VelsicolAlll4] chlordanes |

z2 W a2 4" OCPs= fElvstls=
1962358 F2 Bl iAol AMgal AT

A Foke R FEEe] 197997 AN 8 vt 5

soil samples (ng/g dry soil)

Sar;]fhng Heptachlor H-thoa;}clilgr chlozdane chlo(:dane %E ]j)J’]gD I%T Endosulfan Er_li?lsf;tlian H(éH HBCH HEH
1 ND 0045 0116 0043 1636 0200 0.068 ND 0132 0064 0211 0.024
2 ND 0016 0114 0025 0605 0187 0012  ND 0242 0052 0123 0.018
3 ND 0.009 0168 0035 0338 0.107 ND ND 0550  0.056 0104 n.d.
4 ND 0.005 0016 0006 0391 0056 0017 ND 0.154 0031 0.039 0.008
5 ND 0.011 0039 0012 0360 0053 ND ND 0375 0047 0144 0.018
6 0.037 1010 0306 0081 0252 0.016 0071  ND 6541 0035 0022 0.010
7 ND 0.006 0003 0002 0048 0005 ND ND 0206 0006 0.007 0.013
8 0.030 0010 0002 0001 0024 0002 0008 ND 2583 0021 0.008 0.009
9 0.061 0.032 0016 0004 0.91 0031 0323 ND 0529 0005 0.007 ND
10 ND 0.002 0.001 ND 0024 0003 0024 ND 1285 0010 0.004 0.003
11 ND ND ND ND 0027 0002 0006 ND 0147 ND ND ND
mean  0.012 0104 0071 0019 0354 0060 0040 ND 1159 0030 0.061 0.009
SD 0.021 0.301 0.097 0025 0465 0.073 0069  ND 1930 0023 0.073 0.008

Sampling site 1~6: paddy field, 7~9: farmland, 10: mountain, 11: playground, ND: Below the detection limit, SD: Standard

Deviation.
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AR om F AGFL oF 55708 FHAG.
gk heptachlor= thi-te] f71A| &, 2%, 45, 2
& 2 B SolA sl heptachlor epoxide®
A THY,

E Ao ESF = heptachlord] Hi5%EE 0.012
(ng/g dry soi)® wgtor} thaAlE = el heptachlor
epoxide?] HH5EE 0.104(ng/g dry)= heptachlor
o] W EHTh 87 W =UTE oA oF 20~
30 o] AH&¥ heptachlorZ} a4 thaE2
9l heptachlor epoxideZ WHEE|7] wjiEoz Azt
2=

3.2.2. Chlodane

L2ugllA chlordaneS AEA2 ATk 712
£ git}. 28|22 chlordane heptachlor®] E4-E2
g Fo= MEHIE AR FZFHr) Technical
chlordane 29%°] A= & SIRMEER o|Fo &
FEEA o590 thEFAQl M= o-chlordane 19+
3%, y-chlordane 24+2%, chlordene(4 isomers) 21.5
+5%, heptachlor 10+3%, nonachlor 7+3% % 7]€}
185+10 %o]tH?). B Ao A= technical chlordane
FAIN= 7Y B E&S AA3= o-chlordane ¥
y-chlordaneRte A8 =8 o-chlordane®] E+#-5%=
= 0.019(ng/g dry soil), y-chlordane®] HAdF=E
0.071(ng/g dry soi)Z heptachlor =Xt} 1.6~7.7
v o =94tk 0|22 7HE $dmiAelA] chlordane®]
W77} heptachlor WH71Ro &4 7] wEoz
A ZFRITHOI520),

Technical mixture®l]] y/o-chlordane®] H+ FEH]
= 1.26(1.00~1.63)°]A] 5k £ AP = 3.28(1.50~
4.80)= technical mixtureol|A] Ht} o =9kt o]RL
y-chlordane®] o-chlordane®.t} E% Foxe] 274
o] ¥ =] wjFog yztEnd,

3.23. DDT

DDT(Dichloro Diphenyl Trichloroethane)= A
2A vl e i dasAbg o R de] AL
SE =Y SRV E 197397 A3 2 )
7b FAERI 19463 5E 1973974 oF 941%=0] A}
2=, DDTE technical mixtureo|E= p,p'-DDT7}
75~85%, 0p-DDT7} 15~20%, 1 dre] S= 7}
5~10% XE3=o] Stk o] & 7P AFHo| g A
o] pp-DDTe| %9 F3A74S vHINA 5

3]

Z

QLRRY

&

k= Ao® deiA sloH, pp-DDTe &7 $o=
&% % pp-DDE, pp-DDD 502 thARETiI2L2),
wZbA pp-DDT 5= EHE pp-DDT9} tiakEZ ol
pp-DDE 2 pp-DDD x| oz A} o] ¥
AolA] BEF F pp-DDTO HasTe 0.040, pp-
DDE 0354 2 pp-DDD 0.060(ng/g dry soil)© &
pp-DDE s=7t 7Fd =4tk pp-DDT] tiAREZE]
p.0-DDE®} pp'-DDD®| 5= E Hasl] HH pp-
DDE7} pp-DDDXET} 5981 T =UTh o]RL pp-
DDE7} &73uiAl Solx] p,p-DDDET} B Fda] o
Fog QYAano,

pp-DDTE AXe F A7ke] Zge] wet pp-DDT
7} pp-DDEZ ujAlE]7] w&ol| pp-DDE/p,p-DDT
FxHE pp-DDT/F Axd v duh Q@ AJ7ko]
AGEAE Dofe HER o8 F k. B AT
oA p,p-DDE/p,p'-DDT F=H|+= 8.85%2 theks] #A]
pp-DDT7} 453 o) Aol AH&HASS
Atk

% % 9

3.2.4. Endosulfan

Endosulfane 1956 =< HoechstAlllA] Thiodan
olgt o]0 A|FE OCPsEA #golle IS 1)
23 788 AFAR ARETE 2 58 A
AR AMEEHAT vkl s 197199 Thiolix
Malx)Z S=ZH, 19823 A7} 3]7k=e] 19993
7HA] ¢F 5218E0] AREE|RIOH o]l tigh 5442
Z3sANE 87 FollA ZHRAdol A @] Wil =
FAE A9slas AAE ARES Y. Technical
endosulfan<  o-isomer(endosulfan)2} B-isomer(endo-
sulfan) = 7HA] Aol o] o F sietE B
T U71E vEs 3 FolA 4kskE]e] endosulfan
sulfate7} FT}2),

B Ao E9F ZoA endosulfand HAEEX
PA T YAEAS] endosulfan sulfates RE A
Zo| 7P F=(1.159 ng/g dry soil)’} =3k}, o]
Ao o] 88 EYAEE FAPE AIRET] AU
o AF=A7] wiZell endosulfano] A2 ]7] Fo]
HAdeo]| A¥d endosulfand Ha&Ert wel
endosulfan sulfate= tHAREL7] wjizo =2 A7, 9]
o] AME Edle] EY o)A endosulfane a7}
WEX]9 endosulfan sulfate= HFAdo] Ads £S5

& % AR,

~ O o
o o wd g2

30
okl

fd
!
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3.2.5. HCH

HCH(Hexachlorocyclohexane)e A4t 7)ol 2
7kA] ol A7} £ technical HCH(oy 55~75%,
B; 5~14%, v 10~18%, & 6~10%, & 3~d4%°] &
AEZ A =lo} -HCHYe] AZa3rt o=
Zlo] #old theE yHCH7F F4+<l lindane©]
Aakelo] AMg-E ). Technical HCHE thE OCPseh
SHA| Mgz AYAato] A E AT lindane o} B
S gtoa] ARE T vt HCH(EEE lindane)= 4F
PHTE g SFUA Hto] ol A ¢ oF
o325 ] AREJAARE T2 FA e} AH-olA &S
WAE 5208 AREIT vl s 19459
Gammexane®|&t o]20 2 AsfEe] 19535 E E7
oz AREEII oM, 197935 Aik B Alglo] FX]
HAEE, 7 52t oF 1,908 £o] AREEACH. o] W
Ao)M] Tk F o-HCH, p-HCH 2 vHCHe| %7
Toe 2 0.030, 0.061 ¥ 0.009(ng/g dry soi)ZE
B-HCH>0-HCH>y-HCH %202 %7} %9k},

E9% FoX o/f-HCH sxH|+= H27FA technical
HCHE AM-3IAEA oA lidanes AMBIAEAIE
& F e AR ol gEP, 9T lindanes
HZ7HA] ARESIAAIRE EuetellA= lindane®] AME-
717k ALl tigk 7]15o] gl7] Wil EY F o/
B-HCH ¥%H|Z lindane AHE- o5 4T AUk
Technical mixture2] o/f-HCH &=H|= 3.7~100]%]
% findane® F4%o] y-HCHolEZ o/f-HCH %%
H7F vl Zo) 2 Aol o/f-HCHS Hd-5=H]
7} 212 technical mixture®] o/B-HCH -FxH|R T}
§ wlth EY $olA v-HCHe o-HCHY.TH £3)7}
2R g =3 SvM e 9F 309 d ZHol
HCHe] A4t dl7F g4=0 o= o/f-HCH 7} -
HCHETH 84 1] ®o] EaEe Zotp), 2z

Table 3. OCPs

F7192A A F=
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2 o/B-HCH s=H|7} 2.1012R= A2 fevelire
lindane® T} =2 technical mixture’} AFEHAS 715

& LelE

3.2.6. OCPs =2 OM % Kowste] a4

gutdo g &% 5 OCPs 7} OCPs A+
K, (octanol-water partition coefficient)’t 55, E
% = f7]%(organic matters, OM)¢] dtFo] Ee<=
5 =/ "Itk EY F OCPs 5%=9F OM o 719
AAFRYE 0.0052~0.4883°1303 OCPs §%=
W 2 AFATE 009182 EY F OCPs %
M g 3 K, 2l daidol 24 &3t oA
7} Bl AxE OCPs 43 OCPse] 3l & o
e MAE AR, OM 3, BEd 5 el
Aol TRet ARyt MR gEH ofle] EF T
M gEolvt Kot B 5 OCPs F&=ol mAl=
Pl ¥ 7] WEow AT

ro=
&

iy J

&

;

o

ol

o o flo

o

32.7. & A Fe v

Table 3& ¥ A7 At v
OCPs 5&=& H|awgh Aoty ES
OCPs®] XA, 2%, 49F, ES 5 OM ¥
712 2 BA AR AFA7e) wet g2kl = 3l
a2y & A7 drel 119 5o A7 AHE Es)
A 3= B F OCPs w%v T vl Hlste]

A 4ee & & A
4. 4 =
TEXYQ eHgx|He] B F OCPs(heptachlor,
heptachlor-epoxide, o/y-chlordane, trans-nonachlor,

»,p-DDT/DDD/DDE, endosulfan/endosulfan-sulfate 5!

concentration in Anseong and other countries soil(ng/d dry soil)

Category Chlodane Heptachlorepoxide HCHs DDTs Date
This study Agriculture 0.11 0.127 0.12 0.546 2002
U.S.(Alabama)  Agriculture ND - 53 ND - 1.0 ND - 3.2 ND - 2,500 1995%
U.S.(Corn Belt) Agriculture ND - 756 ND - 39.8 ND - 123 ND - 11,800  1995-19962®
South Korea  Agriculture - ND - 48.0 ND - 0.94 ND - 0.48 200119
China(Haining) ~ Agriculture - - 0.71 83.0 2001%
Hong Kong Farmland - - 0.16 1.80 20007
U.S(Alabama) ~ Farmland 0.59 - 0.30 158 1999-2000%
Brazil(Itilapina) ~ Agriculture - 0.05 0.56 6.00 20059

Chlodanes = o- + B-chlordane, HCHs =

sum of o- + B-HCH,

DDT = Sum of p,p'-DDT+DDE+DDD
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o/-HCH) =5 =731t

p,p-DDE$} endosulfan-sulfate®] H-5%E+= 0.
1.159(ng/g dry soi)& Tha =AW Yz] HRE9]
F5(<0.104 ng/g dry soilye =A| &god, A=
E=EYIA9] OCPs &7t HEYX 9 F=rT} 1
=), 28y OCPse] 21 ZQ1 Axrt gild 2o
2 AddE 2 257 EdeMe =3 e B
MET F=7 EX o W9kt X heptachlor, p,p'-
DDT ¥ endosulan®] FE=HTRE o]E2] tjARHES]
heptachlor-epoxide, p,p-DDD/DDE %
sulfate?] F=7} © =9UTh

95 BEY 5 OCPs w=9 vlwsl| & A3 MR
o EkllMe] OCPs 5%=7F 4 vl

endosulan-
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