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In order to monitor the pesticide residues in rice paddy soils and paddy waters in Korea and evaluate
leachabilities to groundwater of the pesticides detected, paddy soils and paddy waters were collected twice from
40 sites of rice growing paddy fields in July and August in 2011, respectively. Pesticide residues in the samples
were analyzed by multi-residue method with GC and HPLC. Five pesticides, such as butachlor, cypermethrin,
iprobenfos, oxadiazon, and pendimethalin were detected from thirteen paddy soils and detection rate was about
16.3%, while no pesticide was detected in paddy water. As a results of the estimation of leachabilities for the
pesticides detected using GUS (groundwater ubiquity score), their GUSs were less than 1.3, representing they

have no potentials to leach into groundwater.
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ot AAE &Y 7hedol 2 59 &
alachlor 50| 9|59 AJstol|A AEE ke Bzt ok
(Oh et al., 2002).

Park et al. (2011)2 A3 =Bk} A|AGtEA EOF 2
AHsoFS HUERS A3} =E o)A carpropamid 5 115
] Fofo] HEE|GLom, AlHsl2 B0 79 hexaconazole
S 22%9 ool AEHIThL HAIstgirh Kim et al
(2008)> AA| 2o A] Q1E7+--E ©]-8-5to] carbendazim
s 7% S EY F oI5 54 At A1 239 At
T Aol QAN BE FoFo] fEgo] ool 8EEG

9]

o

ofo] §i4:
thal B3kl B3k Oh et al. (2002)2 AFr EOF £ =
oko] L AL V1St A1 metribuzin, metolachlor,
alachlor, linuron ¥ diuron2 §€71sAl0] okl #7114

91} diniconazole, chlorothalonil 2 chlorpyrifos= S271sA

137



138 L3S - OlTE - YA -

o] itkal Friski.

o] XP‘?ro}t—% b A4 t5oke o] ofEle] o
al. (2004)2 endosulfan¥} procymidone
of *E-P:‘??} ?— o, wE e ZHHH 3tof 2=

% FOF T ZEZ S 0]6(])4 51

i
o2

oo 32 o o o
lo 4r

N
R g
=
.
o
4
1o
3
04_4
1
_\;
N
'g
l_r
g
D)
_f,i_
Hﬂ

il

olf do
o &
g M
5
L)

1)
rlo
r’l
o
)
2=
Ly
oS
ofN
N
Ju

-

ol

o

rlr
w2 2 of o

B E skl AA| 2t =
Shis] 2 =]ar Q1A 32 Aot AAZ s
22 Yo A= 2009 = 59,1049 A FALE

ro > omg 4 12 ox
(O ;| | 3
i

SHAAE 578 d 0.03%
1971401 ITHINAQS, 2010) NSEWA BASAATL
Ao A= 14 17374_4 ANBE 22Aste] AFELOES B A5} o]

2011).
o 2 e A R A Al e
& At ARBES AR AEok] A5 82
KA o) Sltel Sgole

AR e £ R A REES Dol
o Ak 25} 5 4% 4079 ollA ke o AT
A7 20119 783} 89 23jof AH LRI £ES F
1608S ALk AFEE ¥ A 5717} 9] wol
A= A3 AN Ao, AR o Table 1
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A0k 0 7l AT ROl E T8 3 (gas chromatograph,
GC)QI- TSN A2 ot E 28 Z(high performance liquid
chromatograph, HPLC)& THAJE-EA| B A o] 71531 AF3A|
1205, A=tA| 778 2 A2A 43F 5 & 24050]UrKLee et
al., 2012). X750k BAo) AL 5oF 522 Dr. Fhrenorfer
GmbH(%9%) AlFs ARgstglen, 3= 2 Ao AR
acetone, n-hexane ¥ dichloromethane2 SK Chemicals
(@2 Bsol B4 SFS Aga. Ea HPLCY
o4, EEEI 24 9 ALHE §7187= Burdick &
JacksonAH(P1)0) AEL AHBIAO, AR B0 AHg
= Florisil SPE cartridge (1,000 mg, 6 mL)2} NH, SPE
cartridge (1,000 mg, 6 mL)= PhenomenexA{(1|=3) 2] A&
ARSI =a AlR9] dichloromethane HH[jol> EYELA
AR FH5E71E olg3tel BEsiet

S8 AREA U TEEC B4

BEMH8 AlF+= Noh et al. (2011)3} Lee et al. (2012)9]
T Zo] A4 AsAbEE AT dolA Aldstal Sl
ol Fske] 2AEEG o, B4 7718 AR 24| W

ofehet 2.

U:

GC M8 Az =H|

B9 50 g2 200 mL polyethylene €-7]9] il 100 mL
9] acetonitrile & L"Oi 3087F X8 & NaCl 20 g2 &7}
SaL 30427t thA] AFskglen, o= 3,000 rpmof Al 37t
Q2 5 A 10 mLE A)Bl Fstol A 7ha
2 FFOI0I =8 ARY A oiet =& 200 mLo]
E3A A4 50 mLE €7 50 mL9) dichloromethane &2
23] Zujste] e 3 FESIGIh =EYY =1 FEYS

235 A|RE 5 mL9) n-hexane:acetone (80:20, v/v) &£+

Table 1. Sampling areas for the monitoring of pesticide residues in paddy soils and paddy waters

Province Sampling area
Gyeonggi Gimpo, Yeoju, Yongin, Icheon, Hawseong
Gangwon Yanggu, Wonju, Cheorwon, Hongcheon, Hoengseong
Chungbuk Okcheon, Eumsung, Jincheon, Cheongwon
Chungnam Dangjin, Boryeong, Seosan, Yeongi, Cheonan, Hongseong
Jeonbuk Gochang, Gunsan, Gimje, Jangsu
Jeonam Gokseong, Naju, Muan, Boseong, Hampyeong, Haenam
Gyeongbuk Gimcheon, Andong, Yeongju, Yeongcheon, Pohang

Gyeongnam

Gimhae, Sancheong, Ulju, Jinju, Hamyang




L2 2-&35)5te] 5 mL2) n-hexane:acetone (80:20, v/v) st on, BEAAT Hoko g oM T = peak’} HEE AL
S8 = conditioningdt SPE cartridge (Florisil, 1,000 mg) Table 39 HH oz GC-MSDE o]&35}o] AJ&elsteict
o 2 mL& 7}8te] ZeHE]x, 5 mLe) n-hexane:acetone

(80:20, v/v) T T Lok GZ259lch SEHO AL HPLC EAi8 Al2 X=X
7HAR 523} 2 mL9) n-hexane:acetone (80:20, v/iv) & E9F 50 g2 200 mL polyethylene €7]9] 1 100 mL
F8ulel Aghoto] Table 29 WO 2 WREHE £4 ol acetonitriled Fo 3087F AFT F NaCl 20 g& A7}

Table 2. GC-ECD/NPD conditions for the analysis of pesticide residues in paddy soils and paddy waters

Instrument Gas chromatograph, Agilent 7890 Network, agilent, U.S.A
Detector Electron capture detector (ECD), nitrogen-phosphorus detector (NPD)
Column DB-5 (30 m L. x 0.25 mm L.D., 0.25 um film thickness)
Oven
Calescence Temperature Hold time
(‘C/min) (0 (min)
80 2
Temperature 10 200 )
2 220 4
10 300 4
Injector: 250°C, Detector: 310C
Carrier (N») : 1 mL/min for ECD and NPD
Flow rate Hydrogen (H») : 3 mL/min for NPD

Air : 60 mL/min for NPD
Make-up (N2) : 60 mL/min for ECD and 5 mL/min for NPD

Split ratio

60:1 for GC-ECD and splitless for GC-NPD

Injection volume

1 pL

Table 3. GC-MSD conditions for the analysis of pesticide residues in paddy soils and paddy waters

Instrument Gas chromatograph, Agilent 6890 Network, agilent, U.S.A
Detector Mass selective detector (MSD)
Column DB-5MS (30 m L. x 0.25 mm 1.D., 0.25 um film thickness)
Oven
Calescence Temperature Hold time
(‘C/min) o) (min)
80 2
10 200 2
Temperature 2 220 4
10 300 4
Injector : 250C
Source : 230C
Quad : 150C
Interface : 280C
Flow rate Carrier gas (He) 1 mL/min
Solvent delay time 4 min
Split mode Splitless
Injection volume 1 uL
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3hal ThA] 3087 A Ested on, o2 3,000 rpmof A 387t viv) kg2 2833 & 5 mL9| dichloromethane 22
AABEEE T AN 10 mLE test tubeo] ko] WA 7} conditioning3} SPE cartridge (NH,, 1000 mg)] 1 mL&

L2
o] 3494 50 mLE Y3l 50 mLo| dichloromethane ©. VW) O & 5ok 859 §E5d HATtAR i%ﬂi
= 23] 2Hjsto] g3t & &5tk =EYY =2 59 2 mL2] acetonitrileo]] A-&3)3t & Table 4} 52] v
& %3 A S 2 mL9| methanol:dichloromethane (5:95, Asofe A

Table 4. HPLC-DAD conditions for the analysis of pesticide residues in paddy soils and paddy waters

A 729 A= o3t =5 200 mL 7Vste] S| 5 mLE’J methanol:dichloromethane (5:95,

Instrument 1200 Series High Performance Liquid Chromatograph, Agilent, U.S.A
Detector Diode array detector (DAD)
Column CAPCELL PAK CI18 (4.6 mm L.D. x 150 mm L., 5 pm)
Wavelength 254 nm (group 1,2) 230 nm (group 3)
Gradient (A : acetonitrile, B : water)
Time A B Flow rate
(min) (%) (%) (mL/min)
0 15 85 1
10 60 40 1
25 80 20 1
Mobile phase 26 85 15 L5
28 85 15 1
30 90 10 1
35 100 0 1
40 100 1
41 15 85 1
45 15 85 1

Injection volume 10 uL

Table 5. HPLC-FLD conditions for the analysis of pesticide residues in paddy soils and paddy waters

Instrument 1200 Series High Performance Liquid Chromatograph, Agilent, U.S.A
Post reactor VECTOR PCX, Pickering laboratories

Detector Fluorescence detector (Ex. : 340 nm, Em. : 455 nm)

Column CAPCELL PAK CI18 (4.6 mm I.D. x 150 mm L., 5 pm)

Reactor Temp 100C

Pump 1 : Hydrolysis regent (0.3 mL/min)

p
ost reactor pump Pump 2 : O-Phthalaldehyde (0.3 mL/min)

Gradient (A : acetonitrile, B : water)

Time A B Flow rate
(min) (%) (%) (mL/min)
Mobile phase 0 20 80 1.0
2 20 80 1.0
25 70 30 1.0
30 20 80 1.0

Injection volume 10 uL
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(groundwater ubiquity score) 24l o|-&5}
o, GUS AF&412 th21} ZtHGustafson, 1989).

GUS = logjo T1/2 x (4-logip Koc)
T1/2= ¥17]

GUS Al=o] 2 Q31 EokSAAI(soil adsorption coefficient,
Koc)o} ¥H171= 370 =i A 4lo] A7st7] wio] vl
= EPA°] 590 7|2 G HE A§5l= OSU (Oregon State
University)2] DBE ©]-8-3}%th(Vogue et al., 1994; Kim
et al. 2006). AF=5H HE%599 GUSE Gustafson®] 42

KA A ES} BBk on, GUSTF 2.8 ool o %
A5 §8 7HsAo] £ AR, 18 o3k A9l
$% 7HsAo] G AOE, 1828% H9E §8 7HsAo]
Ae Aoz H7ISFTHO et al., 2002).

Za Y 1%

o
a1 % AE Y9 Table 69 AAISH HE
oF ol 807e] =& ¥ 1339 EYlA oxadiazon 5

539 soko] A2 Elo] AR 163%0190ek EES| 4

Table 6. Pesticides detected and their concentration in paddy soils

X5 BLEY 141

9 7ol AFIet 40749 A& F 1170]|A] oxadiazon 5 3
Z9] ZoFo] AEEo] 27.5%9 HAEES 2o, 84
F AR A 289 AROAA 3% Fofo] HEE ] 5%
O AEE2 Bt 89 AF AlRET 79 A5 AlEoA
A& 5ofo] W olf= 79 F2 vlo} Ao
Qlste] woF ARgol HlwA wWol7] ol Ao e gl
o} ESH 2011 899 7F4de Hdol 17.79HT} 4.5Y09]

8t 9ol Yt AlmEG o =
EF A GERE SHY g0l 44 319 A=A oF
ol HEH 7M w& AEES HAow, A Bl
o] A=HA Rot &2 A719f A=zt 5
S 2 o7k AT e A A v A @A o
< =0l wis) Bl 10a7 FoFe] ARgH|Eo] B B|s| &
< HOR n|Ro] & 1 FOFYf H2 ARG HIEE Yl
Aoz FAHEJHKOSTAT, 2011).
' AR ¢ B AR Hifsetol HEwA &

Sampling month Sampling area

Pesticide detected Residue (mg/kg)

Hoengseong Butachlor 0.176

Gangwon :
Cheolwon Oxadiazon 0.049
Gyeonggi Icheon Iprobenfos 0.059
Haenam Butachlor 0.064
Jeonnam Muan Oxadiazon 0.359
Hampyeong Oxadiazon 0.066

July

Iprobenfos 0.008

Jeonbuk Jangsu :
Oxadiazon 0.093
Boryeong Oxadiazon 0.071
Chungnam Seosan Oxadiazon 0.028
Cheonan Oxadiazon 0.045
Chungbuk Jincheon Oxadiazon 0.069
Gyeongbuk Youngcheon Pendimethalin 0.292
August Cypermethrin 0.200

Chungbuk Okcheon

Iprobenfos 0.570
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Oxadiazon

Oxadiazon2 80742 =E9F & 879 A|go|A 0.028-
0.359 mg/kg HYZ AEFHYoH, AEEL 10%=E 7
=tk A9EEE FHAY9Y 33 AZA oxadiazono]
HEE 7H 22 AEREE Bolon, g 23, 35, 4

0 lelA 212 149] A=A A2t Oxadiazon

[e] L

AT RE PAldh= =g AzxAz de AMEEAL
OSH(KCPA, 2011), A7]=8 AFEE AQfet 2 BEY
o4 7EE Mo vlo] 2 uf WA B A o
o] Aoz A9l Park et al. (2011)& A= 1507 2]
RS 2007300 Afoto] WFEors WA 27} oxadiazon
0] 0.001-0.836 mg/ke] Ho|2 AZH o] AZHIET} 19.3%
2 7M wok=d ole e =4E el vl 20069 =
ARERFOl WAL, B 5 HR7IE 3191 = H|uwA 47
| 2okl B84 t) Lee et al. (1998)2 oxadiazon©]
Eooll F2&o Eof o/ 77k ARet
=5 E_T’_’é‘} t}. E3} oxadiazon2 7Y AFAX| A AE

q = AFHA ook ol AEE A
% 2YHTNA] AHEShE QARG TEE HFo] B

EY & oxadiazono] Z7]ol= R B F &
aff 2 Aol o3 AR HAF sl 8€ol= HEEA
U2 Aoz AHEJTHKCPA, 2011).
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Iprobenfos

Iprobenfos= B =W WAISH= {74 d=tAl=
ATl wofoln, o & A& a7t f46ke] o
Bo| AFEEE FoOItHKCPA, 2011). 80| =EF T
A7) o], & 24 9 AHE A4 EoFo|| A iorobenfos7}
HAEE o] oF 4%9] HEEE B9oH, 0.008-0.57 mg/kg2]
W) A9, Iprobenfost= YA Fe2 AT 5
oro 48T} 0.54 gLE S| wH 2 54 ool &
% 5 sk 202 P9It Tomlin, 2006). Jo (2012)
= FEAY AT8AEY, S45AHE5S(good agriculture
practice, GAP) % 3¢ At o] =2 814 5 %t
Feoke BAT A3 A4 144, 41 2 16589 AlmolA
iprobenfos”7} HEEthal K18}tk Park et al. (2009)
= 5 A o J7EA]ol| A 20049 SYRE 9L7HA] EoF
% acrinathrin & 13059] 5% o= Wisof LAt

A1} 7E85E 9¥€714] iprobenfos7} 0.0005-0.009 mg/kg'H
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7o) Y25t A syt 74y 34 =EFo)| A butachlor
=5 qlom, 2R ZH7E 0.0642F 0.176 me/kgo| St
°F 3%0] 3{t}. Butachlor= 95 § =¢7]2]<}
T A AR FEE ] AMEIL qloH, ddAy &t
WA Fofolt). E3E o] FoFE &el =7} HlaulA]
FoE o Ay Fofo] B¢ T2 Wi
7\%% 71 oz u&%ﬂ 9}, Park et al. (2011) H39]
42 ek A% Aw) butachlor’} 1.3%
ETRY nci ZEH O 0,035-0.158 mg/kgo]3]
o} B IS} Mq—. Moon et al. (2000)2 butachlor, oxadiazon,
pretilachlor @ thiobencarb®] E9F Z&+ A% A1} 48A]7F
Zol sl AL TaEFo] 45-70%0|%1oH, 11 &
butachlor7} 7} =& a2 Hthy H skt ot
A =of A2 butachlor= =&oll= A EAeHA] g1l &
Foll F2kste] A7I%t ARe 7hs/de] wot A2H Ao=
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Cypermethrin®} pendimethalin

8049 =EY T 8do At FH FH EFIA
cypermerthrin©] 0.2 mgkg A& U2, F5 A =go|
/H pendlmethahnO] 0.292 mg/kg 7<= 3t} Cypermethrin

F o9 LAEn AR, Egot 59 J—P“Eoﬂ

i FEgo s SRR o ASAYE =5t
AEE AL Sveks 790 89l 797t JEEA 2
SieglolL} ol 4EF o] £02 4UT Aow B
chE| Qi) Park et al. (2009)2 20044 SYEE 9U7H]
A7 % Wsore 24T A3 Aot A2 883} 92|
HEN=7F 7P A AzA Eohs AFA A9 A
Z80] &9k, cypermethrin®] 0.001-0.038 mg/kg?] ¥
9= FaEorn unsc

Chopra et al. (2010)2 Aol A AIFEES A& EoF A
ol pendimethaling # 2|3t £EA418 23} 10 cm9 2
off thi2 EAstArkaL Hashgicth. et 2 Hilw = uf
o §9] Ex= AEY butachlor?} pendimethaline E oFo]|
A717F A2 7leAo] =ty Bohy| ot Park et al.
(20112 A= =B NP2 EY § ARsefe &
YEHES W 189 =E%)A pendimethalin®] 0.037
mg/kg HESE Ukl Eagh vf Qlek



143

Table 7. Groundwater ubiquity scores (GUSs) of the pesticides detected from paddy soils

Pesticide LogloTI/za) LogloKocb) GUS
Butachlor 1.1 2.8 1.2
Cypermethrin 1.5 5.0 -1.5
Iprobenfos 1.2 3.7 04
Oxadiazon 1.8 3.5 0.9
Pendimethlin 2.0 3.7 0.6
YTy . half life of pesticide in soil
PKoc : Soil adsorption coefficient

Ilol"r gonl 7|.=)L-|
HE&%0k9] GUSE Table 79 AA|3t v}Q} ZFo] butachlor
1.2, cypermethrin -1.5, iprobenfos 0.4, oxadiazon 0.9 %
pendimethalin 0.6 224 GUS At&of F3FS EoF
% wRbloh §REe =) el Hekd 540 o9 et
] 5= Q7= AUk o] Al AT} AJFEoks BT Xl R
9 hsol g AoR MerHYT. A2E oo
Kocx 700-100,0000.2 Bk} Sztelo] 71stal 7|
12-904 2 B 11Eo] Qlth(Vogue et al., 1994). E3F 83
B|aa] B gofol7| whio] Eofol & 7Ixh TRk it opy
gt 5l Y9E 7sAlo] Rkl #EHERlck Kim et al.
(1990)& 4715 gt xja7)o) & FJAE] =g A7k
Aolot f71E B Abolo] et EY & butachlor—l KocE
Freundlich ¥4 o]-&sto] Al&siol=t] &
9.780]%11, §71& TS 1183t Kocr 5430]Qictal HaL
SHTE ESH o]+= OSU DBY] 2119} 3-AF615 2, butachlor
W ool Fao] FEl: orew gekelslch
Kim et al. (2002)& = - qF 2 AR ESF = butachlor?}
iprobenfos o] GUSE Koc®} i+ A9 HH}7|E o]&-5}o]
AZ3 AT 727 0.6-129 2.0-3.30]90ckT B skt

A=

o]@ mN

L

fu

Butachlor?] GUSE OSU DBE o]&3}o] ArZst Aalel &
A¥at A1t iprobenfos] 7 #Fo|7} QQlEd| o] f7|E

o] slgko) o8 Koco| ghe] Halr} 9l7] g&el Aoz st
=9t} Lee et al. (2005)2 E9F columng 0|83 EA 9
Azl B0k o]% EAo|A] columnd] silty clay loam
EFS 49| cypermethrin 1,000 mg/kg #2284 1 mL
7kt & 2 LA 53] Balsle] HAS Aul LEeofA
cypermethrin®] FZE|%] ¢korrhil B sk

zALel 2
o] =Eo 2010dE 2Ry sk s LA YA O] oIt
n) z|Yog 2aEglon, otn] zYof ZI= )
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