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Evolution of Carbofuran in Soils Treated with Its Aminothio
Derivatives, Carbosulfan, Furathiocarb and Benfuracarb
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Abstract

Three aminothio derivatives of carbofuran including carbosulfan, furathiocarb and benfuracarb

were subjected to the degradation study in soils to investigate how fast and efficiently carbofuran

would be evolved from them. Carbofuran was rapidly released from the derivatives in soils as

the carbamoyl nitrogen-sulfur bond cleaved. Their degradation rates in soils, with half-lives of

23~68 hours, were largely affected by structures of aminothio moieties and soil moisture

conditions. Conversion rates into carbofuran ranged from 64 to 84% in soils on the basis of parent

compounds 5 days after treatment. Application of aminothio derivatives led to less drastic increase

in the carbofuran level in soils than when carbofuran was applied as such, and hence this might

result in lower side effects in situ.
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bofurand] 3}l = carbamoyl nitrogendl] &)=
g FH7h 3493 A3 E AT 2 FEA
g MEslnx) s vk @) s g
O olyg AvAR, 4838 carbofuran FEA|
A5 A 24 carbosulfan, furathiocarb % benfura-
carb7} ZuUldl 5 ARS-HI et o]E2 carbo-
‘furanel] Hl3le] FAEA] @A *Fe AHE o}
ERZ Ao AT ol f{Al, FEA T
AT E AFPozr AMSEHI Ut o]HT F=
A BdEe 2 VEFH 38FRE carbofurand
AT Joernz FXHHF carbofurane 2] A
gAY 2 FEAGE oF FofEe i
FA4 Frtel 7 & aglez 4 Aow oy
Hel 2% do2 Y2 24 wIEA FoT
AZZA ol&F F A& Bk

wetd] B AFE SidA 55 AMRHL
carbofuran® aminothio %% &4 3% %"*]
3t AXEAL 19, v LAHE FERDE
923 B4 carbofurand] W&EFFE EAL H
7t 2 ol AFAEY E&AH AMEH Yo

FAN FES Eedde o 7|2 NEAR
& 4327 stk
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B Ao ALE-3 carbofuran($ = 99.8%), car-
bosulfan(90.5%), furathiocarb(99.8%), benfuracarb
(91.2%) B&FS Z7t FMC Co. (USA), ()7
F BEHAEZH(F) R (P EYolaz2RH B
& wol Atgglon 7t sgEY ez 9 Fo
H# FHAELIDDE E 19 P BARFL
BNE FANLEA it AR FEr)d E
EE 30cm Zol2 MFH, A Hald 28+ 1°ColA
277 A FTAAF 2mmAE FHAAA
AR BT FAES EAQL YE(RY 364%,
u]Al 49.8%, FE 13.8%)2A pH 59, #718%F
36% =2elx CEC 131 mmol(+)/kg E¥S Y&
ol e dutd EYEHS HHch

M2 W AlZRF

FA FAEY lkglair-dry basis) ¥ ol acetoned]
=2 7 oAl BEEAE ZH7) 10 mg/kgel HE
2 E3xgsic N E%S wHl acetoned
geigd ¥ AE3(28mm i.d. X15cm) o] 40 &

Table 1. Carbofuran and its commercial aminothio derivatives.
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Common name -R Oral LDy, to rats(mg/kg)*
Carbofuran -H 8
Carbosulfan -SN (CHzCHzCHzCHg) 2 185~250
Furathiocarb -SN(CHs) (COOCH,CH;CH.CH;) 53
Benfuracarb -SN[CH(CHj;),](CH,CH,COOCH,CH>) 138

*From The Pesticide Manual®
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o ¥u FHFE A7k 4 A+ =4 (2m
ole} EFLSFH(1/3 bar) RH7 HEE FR
zAsYch APAYTE AfoilZ 7PEA He
28+ 1°CollA A 23iglom Sl A% +8

AEe v 2dvitt BEEAT. fAAZF O, 1,
3, 5, 8¢ FRaEAWE 77} wide ANPRL
A, 233E 2 carbofuran®] IFEHE B3t
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ANzFE % A

EYAE 40gol FFHSF 30mIE 7h F (=4
ANEE SFFA7 A% 308 A st 100mi
acetone 0. & 1A 7HEt ARFFHAT. FEEE
Felointeta A 2 V18 9% 50ml ace-
tonel.2Z Aojed kAol oAt Fatgch A
A2 188 §F9 BHYFo] &7 50ml E3H
49 500ml FHRSE AHE 7HE F 50ml¥ 9
dichloromethane 2.2 23] ¥u]3 &34}, Dichlo-
£ 15¢ ¥4 Na.SO. o THAA &<
331 40°CollA 7HE=3 3 5mle] ethyl acetate
/n-hexane(6/94, v/v) E@Ao] A&ttt ol
ABggd 2mlE #3ld Sep-Pak™ Florisil(Waters,
USA) cartridgeoll 718k 8mle] “37] ethyl ace-
tate/n-hexane EF A& F712 718t 24L& W

romethane3

2 Benfuracarb X &|E%% Carbofuran W&54 181

ttH carbosulfan £&%3)). Cartridge EHo] =&
57] ZA A=} 10mlel ethyl acetate/n-hexane(20/
80, v/v) &fdog §&AA & F(carbofuran,
furathiocarb, benfuracarb #Z&%-8), zt 8&d9
232 10ml7t S22 A GLC FA|Yoz
Aok

GLC =4

B AA  carbofuran, carbosulfan, furathio-
carb % benfuracarb®] FIFEAA ALE3 GLC &
AzAe g Zoh ofde EXzAsNA Z
8}3HE8 retention time carbofuran 3.0 min, ca-
rbosulfan 4.0 min, furathiocarb 6.3 min @ benfu-
racarb 5.8 min®] 1tk

T AFESYY SHEE
& wg ed 3 ENdE ¥ 29 2
el Aglel E4H

Instrument : Varian Aerograph (USA) Vista 6000 gas chromatograph
Detector : Thermionic specific detector (TSD)
Column : 1mX2mm id. spiral glass column packed with 3% OV-17 on
Chromosorb W, HP (80— 100 mesh)
Temperature : Column 160°C (carbofuran)
210°C (carbosulfan, furathiocarb)
220°C (benfuracarb)
Detector  250°C
Inlet 230°C
Gas flow rate: Carrier N, 40ml/min
Fuel H, 3ml/min
Air  175ml/min
Sample size : 3ul
Chart speed : 0.5cm/min
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e HAAHEB(S/N=5)L carbofuran 0.2ng, car-
bosulfan 0.1ng, furathiocarb 0.2ng ¥ benfuracarb
02ngolglon WEHER o Mol EHHXA
ggtowme old ME AP HEIAL 002~
005ppm .2 B7IE ATk B JFM ST BF
BAMe carhofuran® A% AOACS| carbamateZ]
xoto) )3 hEIAFEAYAY HEe PEIA
JojNE tha Bshy), BasEe] MY
o At gt fFeAFdFHe] A2 F+ 3
A 138 TAFEIERNY Aoz ARFA
FAe A&y pestgenz 7|EEA A M
o B RS0 A FUEe FHEol UdeH,
carbofurang X 4% S Eo| thstd IFFL
BA9rIEgd wEstn o] A7) 48 F¥ES
EYE AHR U 483 AEEAYPORA F
23 g¢9 4 Ackn wddch

Table 2. Recovery and detection limit of car-
bofuran and its aminothio derivati-
ves from soils.

Fortification ~ Recovery*  Detection limit
Compound

(ppm) (%) (ppm)

Carbofuran 10 1006+ 6.3 0.05
100 1075+ 60

Carbosulfan 10 1003+ 46 0.02
100 107.7+ 04

Furathiocarb 10 910+ 50 0.05
100 758+ 3.7

Benfuracarb 10 976+ 50 005
100 915+ 73

*Mean values for triplicate samples with standard errors

EUS carbofuran HE E4

2 =4 §§ WA B9k carbosulfan,
furathiocarb 2 benfuracarb& A F AAH2
2 RSFEY B P carbofuran®] HEFAE
ZAE AFe 47 29 1, 2 2 33 2tk Carbo-
furan®] aminothio FXA¢1 R 3FEEL EYF

2] carbamoyl N-S Aol 43| a5 o] carbo-
furan W}&slgrth Carbosulfan?] 73§ 2=
o 2e 13 FAwee wgoen AAFA
Ao ozt A& wRvlE 4 2 F&4HAA
717} 364 L 682 Ateg AFAH A o BE
2 28 Jehigith 2398 & =g
carbofuran®) W&o| Ma7 Zrsls A%E B3R
on FRAHAHNET JFdeolAe] Fri&z7t
g =24 Jegch E93 carbofurand == A
g 54% HuAd w9, 64~79%° HEES
BUls 1 olFE ¢@vd BAZAYES HAsd
ol 32 22 E Y carbofuran WEF e &t
E9U carbofuran FAFESG AHFe] o 27| H
2olg #arE). Carbosulfan® W& carbofuran®]
e I3 FIFe7 EJ carbofurand HA
A= Qqe do FF&E waste 29E carbofu-
rang AQ AsdE wWrt AE 2~8U3e 4~
12% o &2 3F&E JedEd ol carbosu-
lfano] EFZ=H AAS® carbofuran 228 3l
HE zie] ol tiE ¥i) AEZE EFAFE AAL
st QAP
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Fig. 1. Evolution of carbofuran in soils trea-
ted with carbosulfan.
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Furathiocarb A2 E%| % carbosulfan A 2]Al
¢ dAE FAS AYS 2oV EHHEY E
Azt Ae 2 & BEFoM 77 273 4 23
2 AlZte.® carbosulfano] W3t Zk3l carbofu-
ran?] & HEE & A 238 waA
veldtl, %% vE carbofurand X7 {u A
o £GsteH A8FHE A HEFE 592 car-
bosulfan M2 A ¢} FAEH o F&AdEAM e A
&80} carbosulfane] ®3t 20% A= ¢ A Y
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777 A D FaAEeA 42 235 E 24.84]
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Fig. 2. Evolution of carbofuran in soils trea-
ted with furathiocarb.
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Fig. 3. Evolution of carbofuran in soils trea-
ted with benfuracarb.

Table 3. Residue balance of aminothio deri-
vatives of carbofuran in soils*

Applied Recovery(%)
compound Converted**  Parent Total
Submerged
Carbosulfan 78.6 8.8 874
Furathiocarb 784 4.8 83.2
Benfuracarb 71.0 31 74.1
Carbofuran — 839 83.9
(reference)
Upland
Carbosulfan 74.2 25.4 89.6
Furathiocarb 844 2.7 87.2
Benfuracarb 71.0 3.0 74.0
Carbofuran — 87.0 87.0
(reference)

*5 Days after treatment
** Portions converted into carbofuran (calculated
as the parent compound)

olo] g AR'2HHE d4E £ AN
EZ W& carbofuran® ¥%7t AuFEd =
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23 A7 54% FE2H OE A{eA 44
carhofuran®.2¢] M-S { 39 Jehfisich 3
SN HELL T1~-79% AR 3F f=
A% benfuracarbe] AgFo] vhh WA ey
&8 AHANE 64~84% BYE furathiocarbr}
7V =Sk WbA carbosulfand] ALl M3 &
=39t 24 5%FE9 carbofurant 229 HE§
& carbofuran FHFAHA EUYF A=:H| &3 v
st B R 3 F& AdelA 2z APH A
o] 85~94%% T4~9T% TEE BAth oHT 2
H}E ZAZ & o) 3%F9¢ aminothio F54 A A
E9%F carbofuran®] HEE carbofurang HEF A
g qu 2 £F0] @A FAHUY o2 <
g FE A3l EAYL 2A $HHA gedu
#Badct JustH carbofuraned AE5¥ FA717H
2 WETY AL XNEyF 23-67¢2 Husn
ol B AR A ZALE carbofurand] ESE
Wb (R 239, Sa4H 259) 8 R o
F=A TF AHF 0% HNPLEEE FEF
7} d4E7 gEolt) 288 AP AL
& AX¥z7o| #73F carbofuran FE9 FAHF
4eg A FRA7IL o] 53] Ay o
=4 EAE A< o, o8l aminothio FEA|
Pelzo AMgS AITA g FAH Ay
HEgk opg uEANEA g 2A84s A7
Adete B3 g Aoz A4gd

2 o

Carbofuran®l aminothio F=AZEA oA AL
253 & 4F5AE<Q carbosulfan, furathiocarb
R benfuracarb® = B LAH FERAEE EY
o Hestn EGF ®aldd L carbofuran W&
542 zARIAY EF Al fEAEL EY
F oA carbamoyl N-S7+ Age] Bjo nlal car
bofurang W& w2 WEIHY. EYS 2
ANE 23~68A17F HYEA FEA 47z 2
BTzl 94%L ¥ Aoz Uyt EY

A 549% FEAEYGEY carbofurane 29 FXE
A& 64~84% PAden FAFHz A
2J¥ carbofuran @A g Blale] EFF carbo-
furan AFFF FAN deg @3 AFEEA
nE 224g AUANZ F A& Ao BUHAU
o}
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