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29 3z 9 EYFANA AxA dicambao] 35S 2] st AAF 249 Eseie] ba
28519 EdE Addete sk FxdstelA dicambad] E3&E A 9FF 33%AoH, FEIUER
A 4hydroxy dicamba7} AZEH3, EF 7]E] Az Es4HEQ Shydroxy dicambak™ FIERic #HH
Dicambaz= &1 54| @& EGAA wid 8550 147~82%7t FaHAen, EFF dicamba ¥ A2 F2
2 A (demethylation) ZH-&of ol o] Fo{Frt £ e EYlA dicamba B3 o}F MAF He Aow
Ko} dicamba #3of= P AEC] F2 Agshe A2 Yehyth (2000 89 7Y H4, 2000 99 159 Sa)
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(nonacidic metabolite)-> auxin #Ajo] vt BuE u}
A (Luckwill 5, 1960). 183 f-7183HE9] tAba&
ol A} dicamba®} 72 benzoic acid A2 AzAEL 4
EA WM F2 ring hydroxylation == Hd 2259}
9 =43t For dAbEEo]l dojum  (Kearmey %,
1969), benzoic acid 7#]F¢1 dicambat EXFo)A F=2 2
A 91X} methoxy”]ol| A & methyls} (demethylation)7}
dojutal, A EAZFIA=  ring  hydroxylation 2
conjugate® &4 (B %, 1992)5tE Aoz a4 o).
g9 dicamba®] EYF 24 sandy loamy EY H
t} silty clay loamy E%olA ¢ £ =iw, EQujge s}
Z7l42 Bz w23, 1697 ok =323
dicamba =§H2 o] FAe WS JAA It &
At (Hahn %, 1968). Dicamba®] E %% Ha]2d oA
EEZEE 12T, 20T, 8T 3 702 3o AP
Az 12 9eA7)7F 12Tl 151y, 20ColA 379, 2
8ToM= B59U2 dicambao] ®ajo] &7} 43S F
ohal stoitt (Comfort 5, 1992). At 2 ujakat E ko]
dicamba® A T}5l32 25C oA dicambae] 23L& A7
3 A3 vt Bl A 27l of 50%7) Rajd utd
A EFelME 85 Fox wEto] Rajx o] dicamba
o Zafoll IS NAe Fad A vigEelgn
siolow, EgFdA e dicambao) FEHAEE

“A=kA A

36-dichlorosalicylic acid& HE3d}Jth (Smith, 1973 2
1974). % dicamba JFEC AT oA A
dicambay 4FHA| @& 27AH Fo] At A
ANA E37t wmEA JPHRoH, o2 A nAE
o] GguFoletar st g spA7|o A% FW
A dicamba 44 kg/hadl FE2 A3 E A5l b
d 13 ppm¥ AdEGD 3990, dicambadl] thil 2
B39 ARl U ae>58>00] Folditin
Bk} (Scifres 5, 1973). webs & AFe =) §
BAzAsA F 2 EGFAA dicambal H3I)5HE
A7) fete] skt

NE W

Dicamba2] #&s4
Dicamba®] #&3)4d2 247 £33telA At
th. HESE o|f3to] dicamba EFES 100 ppm 5
o2 zAF T wpsiLyl borosilicate 2@ Al o
10 me¥ Y3 dexelste] 2Adxd A0 WA
on, i AFAL ¢FE 392 dEstd d&
gt oM Alge W 3FTFoz AHT 3
Smitho] W4 (Smith, 1973)S W3kl A3 A
B A% 50 m EodFel ¥ 6N HAZ 43t
(pH 2~3)A17] ©}& ethyl ether 30 mE #7138k 1
b AA deEuEch o o ethyl ether F2
d

N 3R

ot

[k

NaSOs0ll EHAIA Fot Fi 7] 222 23
315t F&H H=FS rotary evaporator (Rotavapor
R-124, Biichi, Switzerland)& ©]-&3lo] FE o] 5 mi &
S 7 2UBET O diezomethanedol 5 niE
Y3 methylation 3ttt o] H& 25 mi volumetric
flaskol]l &7 nhexaneo 2 FA747 A$-1 GC/ECDE
gt RAsgth of W ALgE GC/ECDe] ¥4z
Zioll A column SE 30 2 mm ID X 2 m L), detector=
electron capture detector (°Ni), &2 injector 250T,
column 200°C, detector 290°C, carrier gas (N9 %
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Table 1. Physico-chemical properties of soil used
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. pH Organic EC P05 C.E.C.(cmol/kg)
Soil o Texture
(FO15)  matter(%)  (ds/m) (ppm)  Cp** K Mg Na"
A 5.48 22 0.3 508 43 0.47 0.8 0.1 SL
B 4.69 1.9 0.4 368 3.2 0.68 0.8 01 L

e 40 my/minoldvh EF BEALY F A4E
dicamba #8)4He2] F2E1& GC/MS (Finnigan SSQ
7000 Gas chromatograph/Quadrupole mass spectrometer;
Column : 025 ym ID.X30 m L fused silica column
coated with DB-5 Temperature : Injector - 250,
Column - programmed from 120C to 250C at 10T
/min., Trans. line - 250°C; Gas flow rate (He) : 15 me
/min; Split ratio : 25 : 1; Ionization : EI mode, 70 eV;
Scan rate : 1 scan/sec)E o] &-ato] EA3}4 L)

E2%ZE dicamba —-—‘H

Dicamba®] E¢5 EAEL I 194 RE= nie
o) AFYE (soil A)o} FE (soil BE *}%’8}"1E} zrzt
o Ee A Eds BEAY A RS mge
= FRsn. o W 4Ede Ege Agswls
oj-&ste] 1214 3083t 23] 4#dl) o] ES
of dicambaZ 10 ppm =502 Aaata, ZF £ v
S ANEFEG) kel e SReT 2Ys
of 8X1Ce] 270 Bypaqict. By 5 25
OE AMEE AFHEG e, 2E5E R uF 7}
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g7l dicamba®] #42 Call, &3 &
weste] st Gl FE& SmlthO]
(Smith, 1973)e]] —%é}oq ANEGT EF 30 g8 H3)
Erlenmeyer flaske] ¥ 1 0.IN CaCl, 120 m & 7}t o}
A9 el 3087 AWAZI WY F Bochner
funnel:s- o]-g3o] Zotolzls dglow, o 4 soil
cake> 9| FENH 25 Mz A &algr) o] =&
ol 50 mE Fsho] 250 mé separatory funnelo] &7
it 6N HA = ’&‘éﬂ AZ1 oL ethyl ether 30 meE v
T 1EE QA AEEuEksTh o] w ethyl ether Z-&
4 NapSOy0f] Ej}*]ﬁ Fob FiL 7] 228 23 w
5 FEIAY. 59 AHS rotary evaporator & o]-&
FE0 5 m g d7x AgEES gL
diazomethane & 5 m¢E Y3 methylation sttt o
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oB-& 25 m¢ volumetric flasko] 27 nhexaneo @ I
7/}1] A4 GC/ECDR A3t ¢+ dzda] F3

& Gy & F 32 EY 102 250 m¢ Erlenmeyer
ﬂask°ﬂ 3 & IN aOH £9 50 wE Y Agra
N IAZEESE ABFEEAT o] FEALS YA ETY
7] (Vision Scientific Co Ltd, Korea)E o]-&3}e] 7,000
pmo] £E2 1083 gAY e gL AAAS +A
stdch o of 13] WHES g FEHE Fof 250 md
BT &1 oF JFFALR o] FEAG A
g3kt o] F& 90 ethyl ether 70 M2 2718 oh&
sl ey, o] W {71 4FS T NaSOpl S 7A
# E’_O}—rl 71 22E 23] WHE38 T o] ethyl ether

< rotary evaporatorg& o] 838} ¢F 5 mfé77}7<]

F o 2398 sopgd AgHd 7 F o)
Ny 7128 ol gate] AnE wWx B3act of ¥
e GC/ECD #4493l pentafluorobenzyl
alkylation (PFB alkylation)s- #3}3it). & FZFdof
pentafluorobenzyl bromide (Sigma, U. S. A) 1 pts}
02M NaCO; : 0.IM tetrabutylammonium hydrogen
sulfate (111, v/v, pH 10) 384 1 mE 713 & 60T
of FEAeA 2083F A A3 EE0] FH WA Ah
HkSAl7l & IN HOZ £33 oL toluene 1 md 2 33
%6’]—0311]- o] AL rotary evaporatorE o] &3}
18 o 717 F%% F nhexane 10 M AJ&afsH
o)
%

Y r_h

A
et m{w

!

GC/ECDE o]g-38fo] ®5}3HE<] dicamba ¥ 3]

dicamba®] %
1949} 2

ﬂfﬂ 15 Fo= dicambaz} 014% Z3 = Qom, g

Table 2. Photodegradation of dicamba in aqueous solution under natural radiation for 9 weeks

% Dicamba and its degradation product after indicated weeks

Chemical
1 3 6 9
Dicamba 99.86 98.56 97.52 96.70
Unknown product 0.05 1.22 1.67 224
5-Hydroxy dicamba 0.09 0.22 0.81 1.06
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Fig. 1. Gas chromatograms of photodegradation products of the authentic dicamba in aqueous solution for 9 weeks.
Chromatograms A, B, C, and D represent those obtained after 1, 3, 6, and 9 weeks of photolysis, respectively.
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Fig. 2. Total ion chromatogram of the photodegradation products of the dicamba standard in aqueous solution after

9 weeks of sunlight radiation.
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Table 3. Degradation pattern of dicamba in viable and sterilized soils treated with 100ppm level

Recovered % of *

Time

Treatment in week Soil Dicamba from 3,6-Dichlorosalicylic acid
CaCl, NaOH? from NaOH”
Viable 2 A 2333 14.89 16.88
B 21.66 16.12 945
4 A 2433 11.79 14.89
B 2130 12.08 9.50
6 A 22.99 10.88 18.22
B 19.65 11.93 11.93
8 A 16.65 10.19 23.20
B 1631 10.00 14.67
Sterilized 2 A 4830 4939 ND”
B 4825 50.42 ND
4 A 43.61 45.70 ND
B 46.00 47.60 ND
6 A 4328 38.16 ND
B 44.92 40.85 ND
8 A 42.99 37.23 ND
B 42,66 39.20 ND

“The samples were extracted with 0.1IM CaCl, followed by 1IN NaOH.

ND : Not detected.
THE 977X HA]H o2 Shydroxy dicamba methyl

E2%ZE dicamba2l &3l

estere] o] AA3 F7tEe A BRI LH, RT 599
A dicamba®] ®3INHEE FZFHE unknown peakrt
5-hydroxy dicamba methyl ester Bt} o2 & o] 7
F50. webd e 9% NeEE dioes
GC/MSE  o]-83le] dicamba methyl ester, 5-hydroxy
dicamba methyl ester ¥ unknown peak?] EAZF (m/z)
3} fragmentation patterng #Qlslsith. GC/MSZ &4 sh
total ion chromatogram (TIO)M B uie} o] (23
2 Ax) 231389 dicamba methyl ester o]9]o] A4k
&<l 5-hydroxy dicamba methyl ester®] peak$} unknown
peakE AT F AU

webx 27 309} Zo] 5-hydroxy dicamba methyl
esterd] EFET A|5F9 bhydroxy dicamba methyl
ester 7} mass spectrum$ H| W3 £ @, m/z7} 2641 1¥
1 fragment m/z7} 242} 2491, 2331, 2212, 20722 U
stATh

L3 A|&F unknown peak®] mass spectrum2 B
m/z7} 2641, fragment®] m/z7} 2471, 2331, 2181, 2071
24 o] 5-hydroxy dicamba methyl estere] EFE3}
FAFAEE o)A dicamba®l BE-8JA] benzene ring
o] 59 Aol hydroxy 7|7} &2 Aol ohg 4¥ $14]
oA hydroxylationo] dojyd Zeoz Rl welA
benzene ring?] 4M 2} 5¥ 9] proton A& FAsr] 9
&to] FINMRE o] &atd #AS Axagloy, &9
9] tAIEFC] wg- AA7] "Ee] protond] $1X]E
glatA] Zska

S0
T

2738ty Aol T2 AIYE (soil A)9 UE (soil
BE 77 Adxed A ddAstA ¥ =gl
dicamba® A e)3te] 853k w¥d vhE dicambasl 3l
e AES ARE ¥ 3% 2k

Add EdME ESEAFHE ARl dicamba®
Hel&E} vat A, WG 477 oF 10%to] &3
gt 8 FFHA L EdME wd 2F F
dicamba7} oF 60% °14 23U 8F FolE 0% ©
Aol Raj= At o]2jd AL dicamba #3fo WS
o]l % AR FEIdvhe AL AHA AAeE
Aolw, A B WA Edo] dicambaE Hdu 2
5ColA] dicambad] ¥3)4& A7¢ A3t v Ed]
A 25Fgre] oF 0%7t BEE W A EgeAMe 85
Fol = wFTe] R o] dicambadl B3l FFE 7]
Ae F28 QA7 MRty it (Smith, 1973
2 1974).

a8 n EFF dicambad] EHIES AR A3 O
Y 49} o] 36-dichlorosalicylic acidg HE T AL
o, o] A7 Smithe] ATAT} YA g} (Smith, 1973
2 1974). @R B AN E dd EFAN 8F F
dicambaz} oF 20% A= E3E ol FAHUY, 1
23222l 36dichlorosalicylic acide #1akA] #814
t}.

olglg A#}Z & w dicambad] £} WAE F8
QA= Mgl e, o9 FhrEs, F4 3 5 vl
AEH 2% #dE Aoz AzddEn
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Fig. 3. Mass spectra of the authentic 5-hydroxy dica-
mba methyl ester (A, nyz 264.1) and the two
products, B and C obtained from photode-

gradation in aqueous solution of dicamba after
9 weeks.
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Degradation of the herbicide dicamba under sunlight and in soil

Kyeong-Seok Oh’, Byung-Youl Oh, Seung-Soon Park, Yang-Bin Thm, Kee-Sung Kyung, and Jae-Koo Lee' (National
Institute of Agricultural Science & Technology, RDA, Suwon, 441-707, Korea and 'Department of Agricultural Chemistry,
College of Agriculture, Chungbuk National University, Cheong Ju, 361-763, Korea)

Abstract : In order to elucidate the degradation of the herbicide dicamba, the degradabilities of dicamba under
sunlight and in soils were investigated. The photodegradation rate of the authentic dicamba under sunlight
condition was only 3.3% after 9 weeks. 4Hydroxy dicamba turned out to be the major product, and 5-hydroxy
dicamba was also identified. Dicamba was degraded to 3,6-dichlorosalicylic acid by demethylation in the viable
soil, which resulted in 147 to 232% degradation of the applied amount during 8 weeks of incubation.
Meanwhile, the degradation was quite slow in the sterilized soil, which revealed that the soil microbes played a
major role in dicamba degradation.
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