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Abstract This study was conducted to investigate the metabolic pathway and to calculate the DTs, (half-
life) and DT, of butachlor in the paddy soil (loam soil) which consisted of sterile and non-sterile conditions.
The aerobic conditions were maintained with constant air flow in test vessels connected to the flow-through
system and values for pH, dissolved oxygen, and redox potential were measured during the test period.
Labelled radioactive substance (**C-butachlor) was used to detect the metabolites produced from the test
substance. Six metabolites were found in the non-sterile soil, all less than 10% of applied radioactivity (AR)
throughout the study. Of these, two main metabolites (N-(Butoxymethyl)-N-(2,6-diethylphenyl)-acetamide, N-
(2,6-Diethyl-phenyl)-N-hydroxymethyl-acetamide) were identified by comparing to the authentic substance
using radio-HPLC and LC-MS/MS, indicating that dechlorination, O-dealkylation occurred by microbes in the
soil. The DTs, and DTy, values were calculated using the first-order kinetic, showing 25.3 and 84.0 days in
the non-sterile soil, however those values in the sterile could not be calculated because no significant
decrease was observed. Non-extractable residues increased to a maximum value of 45.6% AR at 62 days
after treatment (DAT) but the volatile compounds and CO, were much lower levels (less than 0.5% AR). A
majority of the non-extractable residue (bound residue) was associated with the humin fraction (21.2% AR)
than the other fulvic acid (13.4% AR) and humic acid fraction (8.0% AR).
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et al., 1996; Van Eerd et al., 2003; Darlington et al., 2009).
O] FoFES AEoU Bl A Fof] Bk 2t
FatAU AR f92 7FsAdol =t AT #dE
EAS ddsly] fEix EY % aF H8s diRE
Fslal itk EY B 5 HHEOA s A % &
7AAE # At s Tall B LA S AREste
HE7) (half-lifeys ArEstal BAE s dhiRliEES §%4
(identification)st™ © UolZiX = tiAbEe]l AR
FAske Aldol7] WEel okt 2 st tigk 2
A AsE Brkske AL vlg- S8t HIE, giFEe
TGRS v B o EY 2 B4 EaljE o] 23le}
EHT EA40] YolxE Zlog BIET A THAkram et
al., 2018), AFA e sefol A &4 el 54 3 3
7hll thet 257 #ET Aeole EY 2 5 8= Y
ARRE HEEA] Fa)E]ojok 8 Al otk A A3 Al
HAZ A (OECD test guideline No. 307)A1& t}eFst 54
o] B A0S ARget] EY B 5 HE =049
719k tiakE ] F 2|l A EE tiE 2 5
(identification of structureyS 273} UTH(Table 1).
Aol ARS-El butachlors Bl Ag]ste] S| o}
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A-ol] A8 [“Clbutachlor (specific activity: 0.65
MBg/mg)= $H53E4] 8151 (Korea Radio Chemicals Center;
Suwon, Korea)ld T93atiem, A& A radio-high-
performance liquid chromatography (radio-HPLC)Z &1
TEE 98.71%%A T} H]3EA] (non-labeled) butachlor (purity:
99.0%)2}  N-(Butoxymethyl)-N-(2,6-diethylphenyl)acetamide
(purity: 98.81%)2 7} AccuStandard (New Haven, CT,
USA)®} Tractus (London, England)ollA &ttt A9
E48 ¥ F2 trAREE thdk 2= Fig 19 AlAl
39T HPLC 59 acetonitrile, acetone, ethyl acetate L
2|3l ethyl alcohol® Burdick&Jackson (Muskegon, MI,
USA)IA 1381992, guaranteed reagent 52| formic
acid, sodium carbonate, sodium chloride, sodium hydroxide

Al
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712]3L sodium sulfate= Junsei Chemical co. Ltd. (Tokyo,
Japan)oll A Y8t th WAV S4 ol A8-E Cabo-Sorb
E, Insta-gel plus, Permaflour E*, Ultima-Flo™ M, Ultima-
Gold9] scintillation cocktail® PerkinElmer (Waltham, MA,
US)lIA st ARgsETh A Sl AREE Agar
i YAKURI Pure Chemicals co. Ltd (Osaka, Japan)ollA]
TUER ™, nutrient brothe Becton Dickinson and
Company (Flanklin Lakes, NJ, USA)IA F+sle] AR&-3}
k.
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Table 1. Classification for soil and aquatic sediment metabolism studies according to the OECD test guideline (No. 307 and 308:

adopted on 24" April 2002)

Metabolism in

Metabolism in soil

aquatic sediment

Study types - - - - - -
Aerobic Anaerobic Paddy incubation Aerobic/Anaerobic
condition condition condition condition
Selection of soil and o Two sediments” and
. Four soils .
sediment associated water
Collection Top 20 cm layer >to10.cm
upper layer
Soil amounts or denth 50t0250 g 50t0250 g >5 cm >50 g sediments
P (dry weight) (dry weight) (water layer of 1 to 5 cm) (dry weight)
Water layer - Ito3cm ItoScm Water : sediment

3:1 or4:1 (viw)

9 Sandy loam, silty loam, loam and loamy sandy : One soil (transformation pathyway), At least three soil (rates of transformation)

® Fine and coarse texture
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* indicates position
of *C label

['*C]butachlor

N-(Butoxymethyl)-N-(2,6-
diethylphenyl)acetamide

)

N,
\—on

N-(2,6-Diethyl-phenyl)-N-
hydroxymethyl-acetamide

Fig. 1. Structure and radiolabel position of ['*C]butachlor and metabolites.

Table 2. Physical-chemical properties of the test soil

o, o,
Soil texture pH” 0 /o

Organic matter  Total organic carbon

Cation exchange capacity =~ Water holding capacity (w/w, %)

(mEQ/100 g) 0.0lbar  0.1bar  0.33bar

Loam 5.50 5.67 3.15

10.44 5491 37.88 26.14

9 pH (Distilled water, 5:1)

0-20cm ZlololA AFsIAH AlFol] AHEH EYS
sand 42.5%, silty 30.0%, 12|13 clay 27.5%%] &0 &
ol Mg EFe] 542 Table 20 YeRH AT 2 # s
E%S polyethylene bagdll Wi 30| He A2 &5
g &, 2mm Aol FHAA F2Z PR 3 A EA
s zﬂﬂ atlom Alglel ARg-sl7] A7EA] 4+2°Ce] &%
o Bsiit.

Algell 288 AP} A4S T 2ot Al E
F(50 gt TRF(5SmL, & F =°] 2emy’t B AEH
71552 (flow-through) Xl AZASIL 0.2 um filter
Jte 75718 75 20-30 mL/minS 2 A 7|7¢
Hog2 Fuelith 4 Al = 39 ol
sto] AR717F wet SHE SR e AN Bl
zol7t A fAIEES si%len, A7k
b Wske MCHY fr1skHES HCOE EHEH]
3] 30mLe] ethylene glycol} 40mLe] 1N sodium
hydroxideZ x4 02 A4t AldEdS A}
7K 20 £2°Ce] Aol 149 S Btete] B W
oA Wobe AEAE A AT Al B EFH
HHEFY 2708 AREsiion, EYS] e IU4E7]
= #7](SX-700, TOMY SEIKO, Japan)Z ©]&3le] 121°C
oA 15 &<t 33] AT Al 7 AIFERE
AT (F718m el falE AldEE S A3 AlY),
TFAA=23 77180 7F A=A &8 AlFH), #7180
Q2TFAEED A7 LT Fo 718 Mg
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WARs ] 782 AANBAT7](liquid  scintillation
counter: Tri-Carb 2910TR, Perkin Elmer, Waltham, MA,
US)E ol&stom, #AAEE scintillation cocktaildl] 2
I ERY 7, 380 S BE A B s £
et 27 AEE o83t vIEAE (background)®]
WSS Sold 2 MR B AR
29 5 B,

H| 324 L%E(non-extractable residues)> Al & 2Fs}7
Z](sample oxidizer: Model 307, Perkin Elmer, USA)E A}
gatuon, BEY 2= 029 0.1¢9 cellulose 2
G ¥, 1870 Q2N AR AaeE B A4E
“COZ 5mLe Cabo-Sorb® EE EFAIZIZ 10 mLY
Permaflur E* scintillation cocktail?} &3}k A5 A4
AR Z WFsFE S5 N 5F A, AR A
sPgR]e] AL ES S8 (95% 1) B AR
2 AAEE B2 BT F AN

Radio-HPLC (Radio-High Performance Liquid Chromato-
graphy)= Radiomatic 610TR (PerkinElmer, Waltham, MA,
USA) A&715 ddste] AdEd e =t B4 F W9
AREE 9 dARES EAEITK(Table 3). HE3E, thARE
£2 LC-MSMS (Liquid Chromatography-Tandem Mass
spectrometry; G6460-QQQ, Agilent Technologies, CA, USA)
g AHgstol BEEAR) HTE K2 spectrum ¥
wAste] Ak =ES S8 s, BEEE e SR
7F o8& ASelle ddATrA sk diakES] 4
o} vlarste] gelskir).
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Table 3. Instrument conditions for HPLC and LC-MS/MS

N
op
o

HPLC system
Column Temperature: 35°C
Flow rate: 1.0 mL/min
Injection volume: 200 pL

Column: Phenomenex Luna 5y, C18, 100A, 250%4.6 mm

Mobile phase:
Time (min) Acetonitrile (%) 0.1% Trifluoroacetic acid in water (%)
0 30 70
20 90 10
25 90 10
35 100 0
40 30 70
50 30 70
LC-MS/MS Injection volume: 5 pL.
Ion mode: ESI positive
Capillary Voltage: 4000 V
Source temperature: 325°C
Desolation temperature: 350°C
Desolation gas flow: 11 L/min
Scan mode of total ion chromatograms: 100-500 m/z
NEEEER Eloll Wol 4719 $A% 2402 w|FsrkKim e al.
AFEZ ] 23S OECD (No. 307, 2002)2] AlEAH 2014) o] & Bl 0.5M potassium sulfate 80 mL=S 2
Ao AABR= A4kalo) wel AR 8Tt Acetonitrileol] S F, 3087 200 rppmo 2 M FEIIATH FE T, A9
Sl ANFEHEEAEE 40 pg, VEAEZ 2195 pg)e o 3}(filter paper; Whatman No.2)gt o4& TOC £417gH]
50 g (dry weight basis)2] E%Foll 25l butachlore] o] (TOC-V CPN, Simadzu, Japan)= A3t v =2] A
5.19 mg/kg. (1.5 kg/ha) 50] H =2 319 BAEZ ] A2 25 DAT (days after treatment)?} 62 DATS]| -
Gl A Mol AAHJAFIIE sl WAs S St 7180 theTo] AN SASIAT. B EGA]
ISR HIEA SRS S AUAAAE(MSA225S- FEE APEE A U2 ASE FR R A
000-DA, Sartorius, Germany)Z FAE A3 3t T, B T S48t S7FF 1L 3 agar 15, nutrient broth

A8tk A FEZ S B2 A5 " F A==
AEEZ A2 Fol spatulaZ EY E0] FES] T3 &
AEE 3FHom, &5ol A% spatula®] WAs FHFR
A2 E %2l 0.1% PITHOZ spatulacl] 2]8h A2lo] fle= A

o2 gl

OjYEe WAz ¥ Agetde &3

NBESe] ML AR [SO 24 (1SO, 1997)0]
w2} $5F29 (fumigation extraction) &2 TR} 7Zbo] 4=
sJtaict. diAAOlE] Qtol] T/l 212 filter paperet E
% 20 g (dry weight basis)= 237, chloroform (free ethanol)
< 10 uL/ge] v &R E%o iﬁ\’/];}"dﬁ} Chloroform (free
ethanol) 25 mLg& ©< H|A, |54 570, 28]2 iﬂ—“ﬂ
2 ¢S HAAIH ¥ 7401 o 227 TS5 AT

310
23 A3

a5 AFPIE Bl 25+2°CY] AN 24*14 Cll
It Hl$F EYAIEE chloroform®] §1E ElAA 0]

8 g& WAL 121°CollA 15%7F Hd 5, petri dishell 2F 20
ml¥ ol I3t @A d o] EAES B SHRT
g ¥ F o e A DI e i b ek
glass roader® #&8 #YsH TEHES sI3ith PlateE:
H5o] oF 30°ColM 487t wiFE §, T
FEYE Asiditt

A7 F9E AR (Arskek A9, 844, pH)YS
pH meter (Seven Compact ™ pH/Ion S220, METTLER
TOLEDO, USA)9} DO meter (Seven Go pro, METTLER
TOLEDO, USA)E ol&aled thzre] A@eln A@s
Ao 273}

=
E
Ak

2 5,4

T UE
~ I

Mzol xF & X2
NS A2 FuEd BEF AT 0,4,7, 14, 25, 42,

53 223l 62 MRS AIAFAICNM Aol the-el
os Aoz FEANT, FAEY B¢ 0, 7,
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14, 22, 30 28] 3L 42¥0l F=31 T} Acetonitrile 100 mL,
acetonitrile:water (9:1. v/v) 100 mL, acetonitrile:water (1:1.
v/v) 100 mL 2|3 acetone 100 mLS 300 rpmOZ 30%
7r F&3la YA1E2)7](ZK380, HERMLE, Germany)Z
4,000 rpmo A 1087+ FZEslo] FE=3 BG4S £2lsk3l
t}. o] &, B 781 &7 (Acceleration Solvent
Extraction; ASE350, Thermo Fisher, USA)Z F&3}92.H
7 FEAe F9E 4% ¥, 02mLS FSte] Ultima-
gold cocktail 4 mL3} E9}ste] HANFAT7| 2 WAL
< S5t Fe BE FEAELS E¢ste] GF/IC o3
A](Whatman, No. 2, England)Z &]#3+ Tt 79teEsle]
F718mE AASATE F RS 500 mL - of Fof
%713 E3}¥ sodium chloride 10 mL3} 0.5% formic acid
10mLES Y& 3, ethyl acetate 100 mLZ 10%-7F 300 rpm
o2 33] RHE FZ3I0T FE292 A EEe &, aceto-
nitrile 3 mLE &3t thAFEe] 2ele 93] radio-
HPLCE #4313t}
ORI flstdE 2 MCO0 EREAQl ethylene
glycolZt IN NaOH &4 52 EYA S} TUT Aol A
FsIN2™, mess cylinderZ F3& =73}
1 mL2 #3}%] 4 mL scintillation cocktail o}
AAZAT7 |2 Brs s S F7H R 239
“COE 62 DATS 1N NaOH &9olM 5mLS F 3l
sodium carbonate 0.5 g& o] &a)A]7]Z E3}H barium
chloride 25mLg Wol 2087F FHAR §, A4lE
(7,000 rpm, 103) 3FATE 4 H 1 mLE #H3to] Insta-gel
plus cocktailz} &35t} HBAMNBAF7Z WAsEFE =
At T3 E WAlso] HCo, 29 F7HEE AR s

srla).
100

80

70

30

As mg carbon/g soil

20

10
25DAT 62 DAT

Control

Fig. 2. Measurements of microbial biomass in the non-sterile soils.

Butachlor2| HtZ{7] (DTs) ¥ DTy 2 A&t

Butachlor®] £3|&== Sigmaplot 10.0 version software
(SPSS Science, IL, USAYE Al8-3led of)e] first order
kinetic®] 2ol wet =gt & EqiAe] uizhrie}
DTy& 7AlAbstSiT.

CI = CO X eikt

9] o, O 7 Azke] BHEA Folx, Co= 0A]

29 B4R Fmoln], ks SEysolh

DTy, (half-life) = In(2) / k
DT()() = ln(l()) /k

H|F£Z&M ZHF E(Non-extractable residues)2| £

F20] 945¥ T P2 AlEE AIRARP|E diste] W
ArsEe S o A mix|e A|5(53 DAT A5
AE)E th3} 720 humin, humic acid 28] fulvic acid
2 st HF2A EY AR ksl tigk
EXRFS It vFEA EY IRE AR 10 2ol
F 4152](10,000 rpm)3te] Al at A E-
th3 Wk, A E(humin fraction) FAAIZ!
71e} AABAGT7| 2 PSS EElE
AU HCEs o]&-38lo] pH 1.022 243 5 2447k 53t
g0l AAA 7| A Al ste] A (fulvie acid
fraction)?} %7 E-(humic acid fraction)2 #2]AIZATH 44
i3} 0.5N NaOHZE &A1 =S HAHZAF7Z
WS SAst] HIFEA AREY X AdS I

Erdsg

46.5

284

25DAT 62 DAT

Solvent Control
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ANE717E B SAE AGEA ndE AR FS gz
Tl = 31.5-58.1 m@eubon/Eeoit (BEF Fr718220] 1.2-2.1%)
o], &l HETNMNE 28.446.5 MEubon/Leil (B
71ek290] 1.0-1.7%)°10tHFig. 2). 3 E #HES A4l
A F A ZA(OECD test guideline No. 307)°14 L75h= Al
ol 28¥ B f7EA ] 1.0% ooz AlF|
Agstict. gk, guf thx7-e] njAE A o] tjzT-e
SR PR S v, & 2olE HolA] ol B Az
7181l (acetonitrile)7} F]A =l F]X|= FaE it
S ER15] S8 et H3t wiAI oA w]AY
& SRto g HFER] ot Al A8H BHESS 4
sttt

AE71ZE Sok vE g 2 FaEdel SHEH 54
(DO; dissolved oxygen)e} pHe= 712}t 6.9-7.43} 5.5-7.3¢]
A= Z4zre] 270 bl Al ztel 7t JAJA R redox
potential (mV)2] &4 - vd g3 g EYA 2 2
ol HATh HEw EYY Ae E M= 191.0-
329.1 mVeRZ 714 2A0E fAEHIAN EY F
T -1414-7.0 mVeE A7ke] Aol mt #7127
FAHATE vhdo] g ESME
I 202.7-248.09F 4122480 mVE 3714 Z70] #A4
SATH Table 4).

o e i J

)

E & X (Mass Balance)

Mass balance (%)= &WFZE, BFE4 HFE, “C-3
W f71skgE B MCOo, TR SAE e WA
T 84S AE¥ WAl (applied radioactivity, AR)
< 71202 AT

HlEst Egol|x o] BRI = 96.6-101.1% ARO|SIOH,
EY ¥ = ANES &nFEEddM HAEE e EE 0
DAT®] 100.9% ARCIM AIEEEU] 62 DATZHA] 52.5%
ARE THsh= AS=E gRIsISlth vFEA HFRES] 7

Table 4. Test conditions during test period

o= AZke] 7ol met A&H o Frlehe A B
Hom, 53] 7 DAT o|$4E 43| S7l8te 62 DAT
M 45.6% ARZE SRIFATHFig. 3). HIFEY &9
Azl g F7he 32 AREl Al e 74ad o
2] AFZE, A7bo] AHAdrE ES W F7159 A%
Fo| F7RIth= A& oP|skAtH(Tiryaki, 1997; Tiryaki
and Aysal, 1999). “C-3]'24 {71353} “CO= A1)
7H &<t A 0.39) 0.5%2] A7Fo] AE= o] butachlore 7]
el osA 3 3ES Aol AAEIA PE Aoz
It # A= butachlore] $WAJo] wj-$- w]o]
3 FEO R Ok et al. (2012)¢] A9t AR 435 B3
t}. &A%k, Chen and Chen (1978, 1979)9] dAFox= &
To] S7F (2040°C)l| wet A 2] AAEHE Ze
2 B39

whH A EYe] EAFAE 96.6-100.3%% 3
71815 9 ojatsletavt A AEEHA ¢koH, viFE
A AFEZ AP At 45% ARZ w9 e
Fo|ATHFig. 3). tiF-2e] A ledS 718 <3 &

ZEA AEEeH, dad EYlM e vEd EY
© 22 butachlor’t AEHA] ool EF ol F2 2 A
o] HA] ¢d= Ao® Holn, o]d A= EY o] vAE
o] f71E¢] ¥ f7IsketEe] Aol Y¢S T W
9ol Zlo 7 Helth(Kaufiman and Blake, 1973; Smith and
Philips 1975; Katan and Lichtenstein, 1977; Krause et al.,
1985; Gevao et al., 2000; Arias-Estévez et al., 2008).

Butachlor®| 238 % CHAIMES &Y

B 2 B9 FZ9S radio-HPLCE #4sfe] MC-
butachlor®] Ea|73&3 AFE RIS 42 gelst
gt vEa EYoA “C-butachlor= 0 DATO] 99.4%
AR O™ AJHEEAQ 62 DATIAE 19.6% ARE 7
4A3}99t}. First order kinetic modelol] ©]-83le] EF U
butachlor®] DTse?} DT ZH2} 25393} 84.0L o] AT}, 1t
H HFESNA Y] Ea&-2 0 DATO] 102.5% ARIA A]
HEEU7IA] 89.0% ARZE AlZ+e] 7] w2 F31e 7+

Group Sampling )Time DO pH Redox potential (mV?
(DAT?) (mg/L) Water Soil
0 79+04 6.9+0.0 292.6+19.2 7.0+37.6
Non-sterile 25 4.7+0.1 7.0+0.0 329.1+£22 -121.6+15.6
62 7.4+0.1 7.4+0.6 191.0+26.7 -1414+35
Control
0 7.8+0.3 55+0.5 2412+45 712+4.0
Sterile 14 8.1+0.1 6.0+0.1 248.0+6.2 412445
42 82+03 7.3+0.1 202.7+15.6 101.6+41.3

? Days after treatment (DAT)
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100 9 )

80 -

60 -

40 -

20 +

% Applied Radioactivity (AR)

0 10 20 30 40 50 60
Incubation time (DAT)

(B)

Tt —s .
2
< 80 -
£
z
]
S 60 -
2
=
1
K 40 |
=
2
=
Z 201
X
W
0 v T T T T
0 10 20 30 40

Incubation time (DAT)

Fig. 3. Mass balance and distribution of radioactivity in aerobic
soil/water condition; (A) non-sterile soil, (B) sterile soil (e :
Extractable, V' : Non-Extractable).

27382 HolA| o} FEEE A=Y 7 flUh(Fig.
4). AIFE (sandy loam)Z ©]-&-3F Raut (2008)2] 723}l
Trq-_L, HHFEA butachlord] ¥HH71E 11€¢] AL

oo, nAMEGsiltyS ©]-&3F Beestman (1974)
ATAFoN = BET EYOIA )= 114920 6t
HHEGAME 6404 oo W72 dESAM =
17 A2l °1°11Jr11 oe Zos dlHdnt. olg 4
59} Bl A5l $2HE butachlor?]
%%Oﬂ w}ﬂw zpo|7h I E Zog Wty B3 E

ol

JHErEEHU

oX, —1)1’

rlo N e
ol
!
EN
™
L

al., 2012)01] wL—L, butachlor-% z;ﬂb 12.5 21 592 uj
< WE2A 72Aadhs 408 B8, Chen et al. (1988)
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Fig. 4. Distribution of [“C]butachlor and metabolites in
aerobic soil/water condition; (A) butachlor (A : Non-sterile,
A : Sterile) (B) metabolites (A : Unknow 1, A : Unknow 2,

Unknow 3, 4 : Unknow 4, % : Unknow 5, @ : Un-

2oz Htdt}. Beestman and Deming (1974)0 <3P
Y E B B W butachlor ¥afo 74 & 92 &}
t 202 AN, Min et al. (20012 SHFSHAA| o
(sulfate-reducing bacteria)Z 72 714 BHElgot = EY
o)A butachlors &7H4 0= Falle 7 S-S Sl
@717 B3t A butachlore] thARHES 10% AR
olste] e7§e] thatrkeo] FRIHTH(Fig. 4). ©] &, Un-
known 4= AEZEL7HA] HYl 8.8% ARZHA] S718IH9L
o, LC-MSMS £42 T3 EE=23 vlatsis eldt
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Fig. 5. Representative radio-HPLC chromatograms and LC-MS/MS spectra of the soil extracts for non-sterile soil; (A) 0 DAT, (B) 25

DAT, (C) 62 DAT test vessels.

o] 221.0 g/moll Z o2 I8t (Fig. 5), Chakraborty
and Bhattacharyya (1991)2} Raut A.K. & Kulshrestha G.
(2008)2] Aol we}  N-(2,6-Diethyl-phenyl)-N-hy-
droymethyl-acetamide?] o2 FhslSich 1 99| tiA}
AEd BFEA] Rt olgAY HEE FE g %
of At FXE Ik Hakirh. LC-MS/MSEAS &

3l butachlor> = ES|A  dechlorination®] <J3 N-

(Butoxymethyl)-N-(2,6-diethyl-phenyl)acetamideS 413}
3, O-dealkylationoll 2]l N~(2,6-Diethyl-phenyl)-N-hydroxy-
methyl-acetamideZ AJd3h= 202 o2t Lee (1983)
o] AFoME butachlore EF W EAjse A s
hydroxide ion®ll ¢]gt XA X]2=}-8-0 2 dechlorination
3} hydroxylation 2Fg-0] W27 P& ZoF HI 519
©m, Chakraborty (19917 E% #FZ ©]&3}+ butachlor
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A7 F2 EHZZE hydroxylation, dehydrogenation,
debutoxymethylation, C-dealkylation, N-dealkylation, cycli-
zation®} £ AolA ER1E  dechlorination?®} O-dealky-
lation& AABFA o™ Aol AVRE Fusarium solani®t F
oxysporum & FE solani’} butachlore] £33l ¥3S F+=
Ao® BIsth

w}2}A | butachlore BHEYNM = Ea)7F dojupA] ¢
AR, vl EGoMe FElg s s Hole o=
Hol = EF WellA] butachlor PIAE] oJaA] o
HalE= 2og Atk

HFEEY ESTFE) dAY HFEQ 28

53 DAT AlE9] & ¥ H2 IREYS 78z &
A, A gGr1Ad FE] Wl humic acid, fulvic
acid 283 humin® 2 E7F3I9 2 2 23}, humin £l
A 21.2%, fulvic acidol|A] 13.4% Z2]3 humic acid °l|A]
8.0% AR} AZHA. EY W T4 EZE(humic sub-
stancesy> A AE|AY] FAHLAR] FE E AE] #3
ol A mAE] o5 AAHOoE AAE EF] X
ke dE4 AAR7ER, EY 7159 9F 60%7t -
ANEHEZ FAEM(Lee et al, 2004; Cooper 1999;
Travisan et al., 2010), ©]&1gF F2E2HE2 B 773}
3L A& pesticides, herbicides, polyaromatic hydrocarbons,
polychlorinated biphenyls?} 722 -718}sH54 3} w24 4
ASHAL, BIZFI AR vHe-S doA el edEde 37
715 F23 93-S u|Xm(Aiken et al, 1986; Buffle
1988; Rice 2001) ThHE9] EU e HAE FYs=
frledEde] Aol humindl §2 S Zog By
37 glth(Hayes 1970; Kloskowski and Fithr 1985, 1987;
Kloskowski et al., 1986; Kohl and Rice 1988 and
references therein). 2+, butachlor= E%F U] A &2 o=
27 Z$-olE butachlors X3 AMFEEC] humin
ol B Fol EAlste] A Eel &g walrt & doi
WA o35l BESF Al AgEo] - Wl A fE
2] & 7107 Welth(Hayar et al., 1997; Li et al., 2005).
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BT TL) BSATL, FHEY A

2 9 EATE = EYRIE)IA butachlore] AR} DTy, (H7]) 2 DTy AH=317] Slel vida B
I AFESe R st Tk 3U1EE X8 S8l ¥71584] AR (flow-through system)ol] 12
Al A&H 02 F77F E25E 1AL A W9 pH, 844 183 4ksl-3hd [A9E AE7I1T B &=
Aatach TAE AP FH LA A EZ (MC-butachloryS AMEsle] AAFE HrARES HET 4 IS ST
ARHES AJRA717F 51t HE Bl e7i7F AZE A0 25 A ZHAR)S] 10% R|vHe] Lol A=
H AR FollA 2719] E4S radio-HPLCSF LC-MS/MSE ARSI 543} vlwste] Zhzke] giaRbE<]
N-(Butoxymethyl)-N-(2,6-diethylphenyl)-acetamide®} N-(2,6-Diethyl-phenyl)-N-hydroxymethyl-acetamide®] & &+
o131t} o] PARHEES EY o] mAEo] 28] dechlorination® O-dealkylation®] 2F&-ol 2lair AAE Ao
2 wolt}, Bjdg B Yol 12} uk-g-2o)] o) Al4tE butachlore] DTsy(¥H7]) 2 DTerS 2H2t 25.33} 84.020]
Rom HHEl e Faleh 1At #EEA] ol A& Eet W7 E AN gl HIFE ARES 62
doll Hth 45.6% ARo|CrH L 223 CO= - e FEo2 HEHUTH0.5% AR ol8h). HIFZA 7
B2 Y] (134% AR) 2 ¥4 53 (8.0 % AR) Hrh= Fv 53 (21.2% AR titlrt EAlsks Aoz gl
1530

AHoI0{ 'C-butachlor, WA, RE}7], HM]FE4 ZFE
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