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Abstract In the present study, the metabolism of ["*C]butachlor was investigated in rice plant according to
the OECD test guideline No. 501. ['“C]Butachlor was treated as granule to paddy water by application of
1.5 kg ingredient (a.i.)/ha at the 3~4 leave stage of rice plant. At 85 days after treatment (DAT), samples of
panicle, foliage, and roots were taken for radioactivity analysis. Upon harvest at 126 DAT, rice plants were
separated into brown rice, husk, straw, and root parts. Amounts of total radioactivity absorbed by rice plant
ranged from 8.6 to 9.8% of applied radioactivity (AR). Total radioactive residues (TRRs) of rice plant at 126
DAT was the highest as 4.0421 mg/kg (7.3% AR) in the straw followed by 1.4595 mg/kg (2.4% AR) in the
root, 0.7257 mg/kg (0.1% AR) in the husk. The lowest level recording 0.1020 mg/kg (0.1% AR) was found
in brown rice. Each part was extracted with various solvents and solvent/water mixtures. Greater than 70% of
TRRs was readily extractable from foliage, panicle, husk and straw. Only 34.0% of the brown rice and 43%
of root based on TRRs were extractable showing that the residues were completely assimilated in the plant
tissue. The level of non-extractable radioactivity was ranged from 26.2 to 66.0% of TRRs. From this study,
five tentative major metabolites (M1, M2, M3, M4 and M5) were observed in rice extracts. Among the
metabolites, 2,6-diethylaniline assigned as M4 was identified in rice plant by comparing to retention time of

reference standard. Un-metabolized butachlor was not detected in any fractions.

In soil extracts, N-

(butoxymethyl)-N-(2,6-diethyl phenyl)acetamide, 2,6-diethylaniline, M2, M3 and M5 were observed. And the
concentration of butachlor was low level (ca. 0.03 mg/kg).

Key words Environmental fate, Plant metabolism, Total radioactive residues, OECD TG 501, Butachlor
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C2Hs

CH,0(CH3)3CH3

COCH,CI

CaHs
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CH,0(CH3)3CH3

COCH,

CyHs CaHs

Fig. 1. Chemical structures of ["“C]butachlor (A), N-(butoxymethyl)-N-(2,6-diethylphenyl)acetamide (B) and 2,6-diethylaniline (C).

= Algeltt. WA, v, e 3 dEolX e Atsots

Al AEAL] sk 55 estal o, A& U
3t LA RE FA sl flal WA sl €
RS AMEst HE woAlEo Tl
A el Agste] Al¥sk=Ss Skl UTHUS EPA,
1996; OECD, 2007).

SN E AV F a7 BAE kS o] &3 A=
thAre] ek A7E BarEa 9ot o] 52 28712
337 flgk ArAdFtoln AR s AFOR A= A
ato] AR S dE5S dAte a4 EFsithPark 5,
1991; KangZ} Pyon, 1995; Piao, R.Z. & 1999; Chang &,
2011).

£ Ao A= OECD AIEW No. 50190 we} [“Clbuta-
chlorZ A APz Aslal potol A2l ¥ AL
Fajslel 4BAN F5E F YA 2RI wel 2t 3
Sl EH ARF L WS Fo skt sgc,

o o

ME X Y

It

Al

2]

=
A E DA HA] [“Clbutachlors ()83 4| 315HE
AFAollA FABII L specific activitys 0.65 MBg/mg=
A AN e 98.7%010 0 H WE R AsA ARSI
t}. H]¥A] butachlor FFS AccuStandard, Inc(USAA}
2 5E daslon R 99.0%At. = EY 59
butachlore] WA Z K% (Lee 5, 1982; Lee, 1983) N-
(butoxymethyl)-N-(2,6-diethylphenyl)acetamide$} 2,6-diethy-
laniline®] ¥ thZE2-S Tractus chemical (USA)9} Sigma-
Aldrich Chemical Co. (USA)AIA 48ttt

HPLCH-2] hexane, acetonitrile, ethyl acetate % water=
Burdick&Jackson Inc. (USA)IA, GRF2] dimethyl sulfoxide,
sodium chloride, sodium hydroxide, sodium sulfate:= Junsei
Chemical Co. (Japan)ollA T+J3}It}. Potassium phosphate
monobasic?} ethylenediaminetetraacetic acid disodium salt
+ Sigma-Aldrich Chemical Co. (USA)] ¥4& 55 Al
= ARSItk WAk 34l AR E Ultima-Gold™

oL ot
o,

Table 1. Physico-chemical properties of soil

Parameter Result
Texture class (USDA) Loam
Sand (%) 425
Silt (%) 27.5
Clay (%) 30.0
pH (1:2) in water 5.50
Organic matter (%) 5.67
Organic carbon (%) 3.15
Bulk density (g/cm®) 1.16
Cation exchange capacity (mEQ/100 g) 10.44
1/100 bar 5491

Water holding capacity (%) 1/10 bar 37.88
1/3 bar 26.14

(aqueous % non-aqueous®), Ultima-Flo M (HPLCE)
Permafluor E+(sample oxidizer&), Carbo-sorb E (sample
oxidizer& )2 PerkinElmer (USA)IA F43IAH. HIEZ
ARRE 54 8l AREE  a-amylase®} protease=
Sigma-Aldrich Chemical Co. (USA)] A|&<|3JTh.

AEA
NPEGS 749 ARA] Q129 =olA] AFE EE0~20
em)E AREEHTE AFH T ESS T8 4mm A= A
A5 B oH AREEE| A7 AdellA Basisith Al E
E%L oxidizer® G4dle] EF U] AT S| J18S
gt 5 A=A ARSIt AFESS] =8]3keH4]
EXLS Table 13} 72t}
ol ARE T2 YR ST 94

EX

g2l
=4

Al

) A& pot(1/3,000 )l EFS F 24+ 1cem (9F 8kg)=
A AL E Fol7t 41 em7t HES BE 7Hele & o
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Table 2. Radio-HPLC operating conditions

Parameters Conditions
Column Phenomenex, Luna 5 1(2) 100A, C18, 5 micron, 250 x 4.6 mm
Column Temp. 35°C
Injection volume 0.2~0.4 mL
Time (min) Acetonitrile %) |17 T“fvlv“a‘;f}fa(o"g‘c acid in
0 30 70
20 90 10
Mobile phase 25 90 10
35 100 0
40 30 70
50 30 70
Flow rate 1.0 mL/min.
Wavelength 254 nm
Flow scintillation analyzer Radiomatic 610TR
Cell volume 500 pL
Eluate flow 1.0 mL/min.
Scint flow 3.0 mL/min.
Scintillation cocktail Ultima-Flo M
< HE(EHEE 3921, N-PK 21-17-17) 0.8 g& 7}31] 288 9 s 358 HCEEFES X8 AR A
9] %ﬁo}"iﬁ‘r URAIZE AT & & EolE gRlstd] 23 & dAaste] gRlalth A F5e Wik 34 Adke
23 AF B 7ol Eol7h 4+ 1 emZt HES 3 H, W] RALS k] FUTh

potd 3~5EE 2~3 cm Zo|Z o]yt AE T Al
# potd] & FES U4 @7%‘_& REUEE si3leH, A=
o] ARl *@% T FHE S5 HE M B s

Radioassay

BE YAXES WAsEFS LSC (liquid scintillation
counter, PerkinElmer, Tri-Carb 2900TR, USA)E ©]-8-3}¢]
=439, WA 32 dpm (disintegration per minute)-
2 Ytk LSCe A5 Wil A, slshd 9 Ee24
quenchingg RAFAoZ A5 RASA <F 0.05~0.6
mLe] FZH9 Ultima-Gold™ (PerkinElmer, USA)S 4
mLE FH7bele] 587 24319tk BRE 242 3ukE 24
slom, AlFol wE ul’A] R Zh(background dpm)S =
gate] AlE A AN Al viRAI RS A 3 Algst
I ARG BIEFEA AREY WAbe e sample
oxidizer (PerkinElmer, Model 307, USA)Z a4 A7l &
LSCE o|&sle] SAt). HIFE4 2= 03 g2 F st
o] 0.1 g9 cellulose =42 E9sh T sample oxidizer=
127 darzien, da A 243 “COe= SmL Carbo-
sorb E (PerkinElmer, USA) S<A17]3 10 mL Permafluor
E+9} &3¢ & LSCZ &4 3t} Sample oxidizere] <1

Chromatography
Radio HPLCE ol&st] A& F2 T WAM IRE
NS Tt FFHE=Z T co-chromatography
& Fdsto] dARrES Elskaat sigivk. C-18 column
(Phenomenex, Luna 5 p (2) 100A, 250 mm x 4.6 mm, USA)
o] Z=t¥l HPLC (Agilent, 1260 infinity, USA)2} Flow
scintillation analyzer (PenkinElmer, Radiomatic 610TR, USA)
& ARSIt 4] Al coumn® 2 FH §&F &S &
Wat] LSCZ WAFS-S 2331o] 98 WARs S §59

WAFsS ¥R 8O 2M column recoveryS EF15ISITE Al
3717k column recovery= 90.7~106.9% ©’3o=2 =4
Hl

A}%A OF-Eo] 829 AL g5} Radio-HPLC
o] Z71-& Table 29} 72t}

O

AEtM ol =H 2|

Acetonitriled] 843t WA EAEZY v|xd EFS
1:1 B]E&2 &35t 31.4 mg/mLe] A2]&qS A5t
Glass weight boat®]l blank formulation 100 mgS # #al3L
¢ A&d 0.159 mL (=ca. 5 mg, 1.625 MBq)S =¥3F
U2 3IAA 5% PAIE AT

Z o71°] AR pote] R ZAIG AYAE AL
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Table 3. Summary of rice sampling and dry weight

Table 4. Extraction conditions of ASE system

S ven oo
Panicle 21.71
(Intenned?aste harvest) Rest of plants 186.12
Roots 155.06
Brown rice 35.15
126 Husk 6.88
(Mature harvest) Straw 89.79
Root 83.88

(30 kg/ha; 1.5kg ai/ha), 2] & 447+ & Eo|7F 4+ 1cem
7F A H == sk

I

pava’ Z-Hjas}giq /\]g B xa oF 7~15¢Q E1 E %—%2

S pots] 88 UHEA AR A 489 EY
FE oF 3em g0l9] e AR T 7 RO 2
S TS SAec Mel ok welaln s
& EE A sle] EFE AASI AREL A
126219] B o]2ke BAAPELS: o]gate] YA ArS
gstateh. Al ARe WA A SERHIRO)
Stk 2 198 A BE AlE 3 5, =elojolo]AE |
v Eltt 28 o Ao YA R sl =glolo}
olag FHAA AAY F Al Fol FAE AZH o
ek AAe 48 F A8 T Table 39+ 22} A
7 948 A Ee B4 A7 BERA(<-18°C)s 3T

L o

¢

ML o ok

E UMY MRE
l‘i‘-ﬂ% ZF WA AF3(Total radioactive residues;
RRs)S ERlsl7] flst] AAe] 48 A8 0.3 g& sample

oxidizerZ GAAA LSCE WAFs2S 243519t
t}e-9] Ao wa} TRRsE Al4FsHAT.

dpm in sample
mg (parent equivalent)’kg = P P

Weight x Specific radioactivity

*: dpm = 1/6.0 x 10’MBq
W: Homogenized weight of the sample in kg dry weight
Specific radioactivity: 0.3125 MBg/mg

] l 3~20g— Aae] W) &
Yol 3087} sonicationdFit. L &
3 % 4,000 pm= 1027+ QAEE 8k

=3 hexaneS
280 rpm o2 XEFE
A B9} FYNE

Parameters Conditions
Sample size about 1~10 g
Temperature 100°C

Static time S min.

Purge 160~200 sec
Cycles 3

Pressure 1500 psi
Solvent Acetone
Heat time 5 min.

welstal, FE e B35 St 471 HA S, aceto-
nitrile (9:1,v/v, 33]), acetonitrile/water (1:1, v/v, 43]), acetone
(13)= v St F2 & Alge oF KW 4
3 o FZ cell (66 mL)o| B3 7K 1) FZ7](ASE,
Accelerated Solvent Extraction, Dionex, ASE 350, USA)=
Stk 71 &0 F27] 202 Table 494 2t 7t

741% FZ9do AA20.2~0.6 mL) sl LSCE WAls
A

acetonitrile, acetone, ASE —r—é‘ﬂ]‘% et 1 F 9Res
Fotd AYFES7IE 7180 E N T H2 B S
SPE-C18 cartridge (Bond Elut certify cartridge, Agilent 6
cc, 1000 mgys ©l&std & F sFoIUTH(Vryzas 5,
2007). SPE Ax2] 242 CI8 cartridgeE 2 mL methanol,
6 mL ethyl acetate, 4 mL methanol, 4 mL €0]& =02
activationd}2, oF 5mL F& AEE cartridgel| loadings}
ATk ©o]F, 3087k, cartridgeE AZ AlZ] v 10mL
methanolZ &2Jste] FF3th. & w59 d4F
(0.2~0.4 mL) %3t} Radio-HPLCZ 43191t}

HFEY WAIY MRS

F= FANE= T, #4331 0.3 g5 sample oxidizer
2 A2AA LSCE ke A8t Ald=2 A2
T 1268 AEEV], 97, W4, Be))e 22, 9714 3
s13t B4 A oE HFEA HREY 54S 9<s
At

50mM sodium phosphate $5-8(pH 7.0)0] =
HAu|AlE 10gS Y3 a-amylaseE 17,500 unit 37}
30°CellA 23417+ WESAIA Y. 2 $ buchner funnel 7%t
o33t A3} A g5 28I ARl 50 mM sodium
phosphate $+5-8(pH 7.0)7} protease 600 units %7} 5
30°CollA 23417 WRSAIZIAL o]& TRA] St oSSt
ol 0.2 mL F3 LSCE #AIskt 947, B, #e
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A
Brown rice
a-Amylase enzyme (Type I-A, ca. 17,500 units)
(23 hours at 30C, 50 mM K,HPO4/NaOH buffer pH 7.0)
Filtrate ) )
) Solid residues
(starch fraction)
LSC Protease enzyme (Type XIV, ca. 600 units)
(23 hours at 30C, 50 mM K,HPO4/NaOH buffer pH 7.0)
Solid residues
Combustion
LSC
B

Husk, straw, roots

Extracted with 1% Na2-EDTA (24 hours at 307C)
Filtrate
(Pectin fraction)

LSC Extracted with DMSO (47 hours at 807C)

Plant materials

Filtrate
(Lignin fraction)

| |

LSC Extracted with 24% KOH (24 hours at 27TC)

Filtrate
(Hemicellulose fraction)

LSC Extracted with 72% H>SOs (24 hours at 27°C)
Filtrate
(Cellulose fraction)

LSC Combustion

LSC

Plant materials

Plant materials

Plant materials

Fig. 2. Analytical processes for non-extracted residues of brown rice (A) and husk, straw and roots (B).

o] H|F2A FE(1~4 g/= 1% Na,-EDTA, DMSO, 24% alo] WM ARE9 BEE #9151 th(Langebartlelsst
KOH®} 72% H,SO, o412 FZ3te] Hel, gl1d, w4 Harms, 1985; Fig. 2).

EEQA AEZFE AT BRI IS LSCE 4
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ESANE F& ¥ &4

EqfoA¢] T7V‘4°J A8 S ERlsl] flste] AEE
2 A 1269 F x4 EFNEE AT FHotod F=5
At EF ARFHEZE 80 gy= 250 mL gl Rl
> "‘1 acetonitrile (150 mL)S 237 280 rpme2 &
FZ 3 F 4,000rpmE 10%7F 94 dto] NS
FsAtt 237] A4S, acetonitrile/water (9:1,v/v, 150 mL),
acetonitrile/water (1:1, v/v, 150 mL), acetonitrile/water (1:1,
v/v, pH 4.5, 150 mL), acetone (150 mL)2] s=A1=Z Wi

Yk 25 F EFS oF N FAT DL T H o2

Z cell (66 mL)o| Lro] B 714 g 372 FZ3)
G} 2R g 3 o33t oS 1 = Al 3)-s)

= FIE Fstd A w5t f718WE A
do Ao 500 mL AR AT o7]9] sodium
chloride 2233} 0.5% formic acid 10 mL 23 ethyl acetate
100 mLZ 10387+ 43] wHE Eoj3E St 59 ethyl
acetate= sodium sulfates FA7|3L 5= 9o,
oF 5mLe] AFES 9 15mL collection tubedl] =71 ¥
Al 7k FF T acetonitrile 2 mLE &3} o]E
0.2 mL¥ 25HE #3}o] Radio-HPLCZ #4319 tHKim 5,
2014).

il & & 3] B WAMY AHFE2 SPE-CI8 cartridge
& olgstd & § FF3sIith SPE A8 34 CI8
cartridgeE 2 mL methanol, 6 mL ethyl acetate, 4 mL methanol,

TRRsS 852 2.6148 mg/kgollX 1269 6.3294 mg/kg® =
oF 2vl 7k S7ksIRlTE. o= 1269 AR AF A 15U7F
pote] & FuS Fsle] Wl AFako] 85del Hlal 2¢)
FE A7) "otk AAl Wt e AbeE
%7] A8 WAFs#(Applied radioactivity; 1.625 MBq) T
H] Z}z} 8.6%9)F 9.8%F W53k oIt 8597 126%
T H F Aol 7P Wol X3 F9le v o 2
Howm 27] A WAFs# ol 2+ 6.1%, 7
2 TRRs?| F=E 717} 1.6424 mg/kg?} 4.0421 mg/kgo]

o} theo® HeoA =2 WalsEe] BEXE HIEH
27] A2] WAFs % thH] 24% FFo2 FEE 7 0.8002

o~
3% TS

mg/kg? 1.4595 mg/kgo] ATt WhH, 7P whe =F0] WA}
Lgko] B E HOl AL o)y Hu|Z 27] X vAbE
F o] 0.1% FF019e™ TRRs? =% 7+t 0.1722

mg/kgZ}t 0.1021 mg/kg]SIT}. Butachlore 2 Al 9 ¥
gol ofsf FrEn Bl o STE A ARE S
AR ol o)A = Ao dTA AUrh(Rao, 2000).

= Ao
H

FEMY v FEY E',*AM; UFE9
S B <, g, olatal A
WAV ZHF=©] 70.7% TRRs (1.1612 mg/kg), 73.8% TRRs
(2.9831 mg/kg), 66.4% TRRs (0.1143 mg/kg), 72.4% TRRs
(0.5254 mg/kg) FZHoIH. oM 42.6~43.6% TRRs
o] F&59o HulE 34.0% TRRsZ 7HF W& =59

4mL "ol

cartridge®l] loadings}ith. o] 3, 30%7F

O 2 activation 3t & SmL 3= A E

, cartridgeE 7

% A7l T+ 10 mL methanolZ §-2]3e] E3313T).

Z7} 9l DE
HOM [“C]butachlore %
AFH A7l wE
% L‘:]' BE AR F ]”é % ‘ﬂo”\}"é = %

oIt A¢

-|>
)|
T Hr
do
M.

dAtY TFRE

Table 5. Distribution of radioactivity and TRRs in rice plant

UM ZbREo] &g o) B

94 H]zz A ARz

FEL 262-66.0% TRRs 5522 0.05 mgkg o140t

FEM UMY x}_ﬁ_%g SY g
H-9]9] AlFo)A butachlors HEE A
AT AIET W A A butachlor

A7 2 RE

23}, o

w7 ekgo] B u} QIth(Roberts, 1998). %

AR 7e] S8
M4, M57F HEH T A1E

= dE

10712] o
QUARMFE(> 10% TRRs) M1, M2, M3,
4 A F 85%0l 1 Yol

% 709 ARFE 001 mgkg)e]l AEHAUTL 2 F 383%

Samgljlggr;ﬁme Part of rice plant Amount ?lf/{gcél)oacnvny % of applied radioactivity (gll;/i;)
Panicle 0.0012 0.1 0.1722

o5 Foliage 0.0991 6.1 1.6424

Roots 0.0398 24 0.8002

Total 0.1402 8.6 2.6148

Brown rice 0.0012 0.1 0.1021

Husk 0.0016 0.1 0.7257

126 Straw 0.1181 7.3 4.0421

Root 0.0395 2.4 1.4595

Total 0.1604 9.8 6.3294
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Fig. 3. Representative Radio-HPLC (A, B, C) and HPLC chromatograms of the concentrated foliage extracts at 85 DAT.
A, Hexane extract; B, Acetonitrile extract; C, Acetonitrile:water (1:1, v/v) extract; D, Reference substance (1) 2,6-diethylaniline, (2)
N-(butoxymethyl)-N-(2,6-diethylphenyl)acetamide and (3) Butachlor.

Table 6. Distribution of ["*C]butachlor and its metabolites in foliage and straw at each sampling time

85 DAT 126 DAT
Component Foliage Straw
mg/kg % TRRs mg/kg % TRRs
Butachlor ND¥ NAY ND NA
Ml 0.6290 383 0.7680 19.0
M2 0.1297 7.9 0.3840 9.5
M3 0.1166 7.1 0.5174 12.8
M4 0.1372 8.4 0.5942 14.7
. M5 0.1093 6.7 0.4163 10.3
Extractableresidue
M6 ND NA 0.0808 2.0
M7 ND NA 0.0728 1.8
M8 ND NA 0.0566 1.4
M9 0.0148 0.9 0.0283 0.7
MI10 0.0246 1.5 0.0647 1.6
sub total 1.1612 70.7 2.9831 73.8
Non-extractable residue 0.4812 29.3 1.0590 26.2
Total (TRRs) 1.6424 100.0 4.0421 100.0

ND: Not detected
»NA: Not applicable
9M4: 2,6-diethylaniline

TRRs (0.629 mg/kg)e] Mle] FSuARHE(>10% TRRs)
2 ZA&HAHFig. 3, Table 6). AlFEZ A2 T 1269 |

oA FQAE M1, M3, M42} M57} aceto-
oA HAEH

A =9
nitrile¥} acetonitrile:water (1:1,v/v) & 559

Rom o)=L 7+ 19.0% (0.768 mg/kg), 12.8% (0.5174 mg/
kg), 14.7% (0.5942 mg/kg), 10.3% TRRs (0.4163 mg/kg)
45 o|AtH(Fig. 4, Table 6). T3+ AP =4 7] F 859
H 9 A|FoAEs SolER] 9 M6, M7, M8o| TIAF
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Fig. 4. Representative Radio-HPLC (A, B, C) and HPLC chromatograms of the concentrated straw extract at 126 DAT.
A, Hexane extract; B, Acetonitrile extract; C, Acetonitrile:water (1:1, v/v) extract; D, Reference substance (1) 2,6-diethylaniline, (2)
N-(butoxymethyl)-N-(2,6-diethylphenyl)acetamide and (3) Butachlor.

Table 7. Distribution of ["*C]butachlor and its metabolites in panicle and brown rice/husk at each sampling time

85 DAT 126 DAT
Component Panicle Brown rice Husk
mg/kg % TRRs mg/kg % TRRs mg/kg % TRRs

Butachlor ND? NA® ND NA ND NA

M2 ND NA 0.0251 24.6 0.1424 17.8
Extractable residue ~ M4° ND NA ND NA 0.2233 279

M7 ND NA ND NA 0.1656 20.7

sub total 0.1143 66.4 0.0347 34.0 0.5254 72.4
Non-extractable residue 0.0579 33.6 0.0674 66.0 0.2003 27.6
Total (TRRs) 0.1722 100.0 0.1021 100.0 0.7257 100.0

OND: Not detected
"NA: Not applicable
9M4: 2,6-diethylaniline

Eo©] acetonitrile:water (1:1, v/v) F=Yl|A 1.4~2.0% TRRs
AZHAT AT EE AT T 859 AFHE o]2f AlEe] F
=4 ZHFE0] 0.1143 mgkg S0l UA T AFHE A S
o] Ao F=29 Fo] W2 WAleFE® Q18| Radio-HPLC
2 Al butachlors H]ES thAkHEe] AZEA] o4k

(Table 7). %79] acetonitrile:water (1:1, v/v)2] FZ=q |4
% 9] FRUARE M2, M4, M7/} ZH2F 17.8% (0.1424
mg/kg), 27.9% (0.2233 mg/kg), 20.7% TRRs (0.5254 mg/
kg) ZAEE A THTable 7). vl FU3}A acetonitrile:water
(1:1, vyl F2dA girAlE HE =HAsd M2
24.6% TRRs (0.0251 mg/kg) HESATK(Table 7). A% 7]

7+ % ¥2]= acetonitrile?} acetonitrile:water(1:1, v/v) F2

oA o] FA FaAREE M1, M27}F 8l =t
M12] 7% AFED A2l T 8583 12681 12.7% (0.1016
mg/kg), 11.4% TRRs (0.1664 mg/kg)o| 3L, M22] 735 Al
FE A7 F 85U 12690l 15.8% TRRs (0.1264 mg/
kg), 12.4% TRRs (0.1810 mg/kg) G HEEIUTH Table
8). AFH FoUAREE 1S 913t dxE FE99
co-chromatographys &3l M4 2,6-diethylaniline®] 1
= THFig. 3). YA FAARHES g tixEHo] &
BEA] AY, AFE drpHEe] Fo) v §- sgow F
ol B7ks SIAAINE, HISA 23delM EalghES
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Table 8. Distribution of ["*C]butachlor and its metabolites in Roots at each sampling time

85 DAT 126 DAT
Component
mg/kg % TRRs mg/kg % TRRs
Butachlor ND¥ NA® ND NA
Ml 0.1016 12.7 0.1664 11.4
M2 0.1264 15.8 0.1810 12.4
M3 ND NA 0.0642 4.4
Extractable residue M4 0.0368 4.6 0.0978 6.7
M5 0.0408 5.1 0.0686 4.7
M9 0.0152 1.9 0.0234 1.6
M10 0.0200 2.5 0.0350 24
sub total 0.3409 42.6 0.6363 43.6
Non-extractable residue 0.4593 574 0.8232 56.4
Total (TRRs) 0.8002 100.0 1.4595 100.0
“ND: Not detected
»NA: Not applicable
9M4: 2,6-diethylaniline
butachlor®.t} £&A]7to] W27 07 o, AZH F Table 9. Characterization of the non-extractable radioactivity in
SIPRPE S LT G40l 2 EA0l 450 A brown rice
o 484 REED HE) }e 2B Ao WokEch  Fraction (gl‘;i;) % TRRs
Butachlor® X383l »E hloroacetanlhdeﬁ] AzAEs A C in residue 0.0674 6.0
& A glutathione "7 G A o] FE WE2 T Amylase (starch) 0.0080 7.8
&l homoglutathione H3A|2] %7] glutathiones B33k, Protease (protein) 0.0137 134
o] 27] e o F F2 TFshe BT 759 °IF Final residue 0.0453 444
AR el Ee 210R delA] 21om, HollA butachlor Total recovery 0.0670 65.6
+ sulfonic acid, oxanilic acid, sulfone, sulfoxide 52 F2.TH
ARl AEH T A3t Bard vl QITH(Roberts, 1998). TRRs (0.0080 mg/kg)l, THHAZHE sjzjd WA 27
52 13.4% TRRs (0.0137 mg/ke)Ath. 944, ¥7 2 g
HFE AREE 01 el M) vFEA 1R

H|

R

t}. &)= a-amylase

g d3=
protease«] g AEs Xgste] %4
WAbsS sigAATE &g MAbsT &

Table 9~102F 7+

PEIEIEE

Ho=d grsERRE dgd A ARES 7.8%

N o Az

Table 10. Characterization of the non-extractable radioactivity in husk, straw and roots

st Hel, glad, FuAER
=4 APIRFES EXE RIS | dER A9
TRRsE Z}Z} 12.3% TRRs (0.0892 mg/kg), 15.8% TRRs
(0.6378 mg/kg), 30.4% TRRs (0.4436 mg/kg)E WA 2+

22 Eﬂ /H]Ei oﬂ

Plant part
Chemical hydrolysis Husk Straw Root
mg/kg % TRRs mg/kg % TRRs mg/kg % TRRs

"C in residue 0.2003 27.6 1.0590 26.2 0.8232 56.4
Pectin ND¥ NAY 0.0433 1.1 0.0259 1.8
Lignin 0.0336 4.6 0.2756 6.8 0.1448 9.9
Hemicellulose 0.0892 12.3 0.6378 15.8 0.4436 304
Cellulose 0.0350 4.8 0.0709 1.8 0.0640 4.4
Final residue 0.0418 5.8 0.0157 0.4 0.0290 2.0
Total recovery 0.1996 27.5 1.0433 25.8 0.7073 48.5

“ND: Not detected
"NA: Not applicable

_/
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Fig. 5. Representative Radio-HPLC chromatograms of the concentrated extract from soil (A, Organic phase; B, Water phase).

Table 11. Distribution of [*C]butachlor and its metabolite in
soil extracts

Component TRRs (mg/kg)
Butachlor 0.0313
M2 0.0054
M3 0.0196
M4Y 0.0054
M5 0.0051
M6 0.0101
M7 0.0056
M8 0.0053
M9 0.0245
MI10 0.0151
MI11® 0.0026
M12 0.0048

IM4: 2,6-diethylaniline

»M11: N-(butoxymethyl)-N-(2,6-diethylphenyl)acetamide

o] FuAERA X T o] AAE F
¥ ONFEY RRES RE, DU 9 AEY 4
$oz FYuel 98 ol pot EFOE ¥ Haly
WE HC0,Z HEo] Foolo] B B3 2482 9
Bo) THHRL oY FA PAIRRES AU

o5 2 5 AT

tlo 1> @ ox m® i

E E9F A4 ,)r butachlor® 23t & 1171¢]
EH/\V%O] A% SATHFig. 5, Table 11). E% 5 AF7%

=% butachlor7} 7P £3k21 0.0313 mgkeZ %71 X%ﬂ
WA oMl 5% ol =3, S = EY 59
butachlor®] F8& WARMEZ HVEH(Lee, 1982; Lee =,
1983)  N-(butoxymethyl)-N-(2,6-diethylphenyl)acetamide<}
2,6-diethylaniline”} AZ=12H ZH} 0.0054 mg/kg, 0.0026
mg/kg TEOIATE M1S A &S ¥ 5 T8 ARk M2,
M3, M4, M57} B FEd0=7 B HAEFAY. M2=

T FFYM AEHJeH =& S| AKEE &

B A9 A} BioA [“Clbutachlore] &4 ]

T 8593} 12640 27] Az WAbsEF ti¥] 72 8.6%F

9.6%1%t. FFE WAFeS w9 B W 7w

EE319 Y. Butachlors B FolA talEe] A4 Fo

AR M1, M2, M3, M59} 2,6-diethylaniline 2§43 5171

L‘r H1°1 TS Aol HIFEE IRER EAlske
S 3l & gl

HAlel 2

2 A7 P8R 5 ATAE (FHAME : PI009286)
o Aol oJaf FA=HAH, FEXEH ] A7H] Ao
A=Y
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