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AR rEs At 9% 4 vk ARE FAUA 729 diE ARdH $£38 F carbofurany}

EAW A FEE FEE) H3te] 2k AE9 phosphate buffer 3% 3% carbofurane] &4 EH S 3313
ot oje] A g Ao gRE £33 F 20 H9 d&ukE AEF 28 (M129F M-16)9] A|&A 0137 0.07
mg/kg®] carbofuranc] A& H 10%9 AEFRVEE BHYoy, 1 HFFE IFHE7IEQ 05 mg/kg Brh ¥
A Zgkt). 3-Hydroxycarbofuran®- & 2039 A|25 14 M-12)9] AJ29A 013 mg/kgel HEFHA 5% 3
VRS Hyon, Evlen 7 2 BE A 8% carbofurany} 3-hydroxycarbofurane] 253 EAZA0 ®
 ANBdA HETA moldnh Ssvbse] 19 dAZ AT carbofurand] Hdf AHFFFE 00013
mgo 2 1d HPHHSE& 2 055 mge] 024%0]om, vwisd A € BFAEAA carbofurano] HEH
Aot whed A 2 wF HAA carbofurang AMEEHE ANEL HEF RoR HrHUC.
Carbofurane 2z} 2&9] phosphate buffer & AFM F2 7leRed 23te] F tAMIE carbofuran
phenol (m/z 164)& AAstdom, 1 & wjY7|zte] Hl#ste] F7batAth(1999d 59 269 A4, 1999d 7
4 29 +3g)

Key words : carbofuran, 3-hydroxycarbofuran, carbofuran phenol, oxidative metabolism.

A= Ego AXPS W AEY FYo Fd F AR
2 A&ah oldso] 714 ia, =2 A3 (hydro-

19693 FMCAo] M 7448 carbofuran (23-dihydro- ~ ylation), A8}, H3 (conjugation) 5} 342 53
2,2-dimethyl-7-benzofuranyl-N-methylcarbamate)e 3~ o A7HA diAtER 2sjdnt (Dorough, 19682
=olg4o] 9t carbamate”] ArEA| (Worthing ~ Dorough, 1968b). F diAbdEe AHEA A
19 2H AMZEARE AFEHE, &8 Yl = 3-hydroxycarbofuran (Knaak %, 1970; Turner$}
1975652 E 9 Aujxe] W, BEunx oshy  Caro, 1973 ¥3t ¢, 1981; Lee 5, 1991)0)ut =t
Uwal zhE alash BEksEe] whalel 3 9EA 7%= A3z wat 3-ketocarbofuran (Freenhalgh
A Ao (sekEd s, 1976). 9} Belanger, 1981; Khan 5, 1984; &3 &, 1984;
Carbofuran®} ¥H=x|AlEHe FAHAT A9 rato] Lee %, 1991; o}¢} =l 1995), 3-ketocarbofuran
#] 8 mg a.i./kg mouseol A 144 mg/kg, 7oA 15 phenol (Yu &, 1974; o] =, 1995), carbofuran
mg/kgo 2 m$¢ Eou, FAATY ASE E7)9) phenol (Venkateswarlu 5, 1977, Venkateswarlu®}

I [<hapn
A 3,000 mg/kgo.2 @& Wolx (Wor;}:jng, 1991) Sethunathan, 1978) 5o.2 =2 i=o| glt}. Turners}
54 IF BeeR ¥FHC U (s43yy  Cwo(R)E cabofurand ALY EF) S54E
3, 1995) 2 e Bl dAz Agac  AWHAE W F2 Shydoxyearbofuranc] £
(IR, 1975; ‘5373, 199). QolN AEHATHR 3R om, Archer F (1977)&
Carbofuran® 10| 98t F30l3)A0] L =7 %719 3% @7]o carbofurang HEXF F 74

W] (o] 5, 19874 ol 5, 1987b) 4Zo] W&Fy 4ol FHF AmelA Shydroxyearbofuran phenol
3} 3-ketocarbofurano] H&=HUct &3t
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Carbofuran®} 21& A% carbofuran®] & AR
(Metcalf 3, 1968, Knaak %5, 1970)2 <A

Table 1. Sampling details for the residue analysis

Q 0
O—'C,:NHCHS O—CNHCH3
o CH
o_ 3
CH
CH3 OH3
(A) (B)

Fig. 1. Structural formulas of carbofuran (A) and
3-hydroxycarbofuran (B).

3-hydroxycarbofurang A did S3HEE 8o,
3 gerze 129 194 BE vst gk

Al2o 4x

ANRE FAA F29 gay] FEAFAA FR3
Ak AEFH WgE § 194 Be el Zo| ¢
SuiEe A5 94, 9 AL 25 S5 3A A
A 204, FrkEe 39 ANH 5 259 2494
A 104, g A5 AAR 29 9F 2 F4A
104, BE& A7] oF, olHe 249 A& oA
o A5 uge Z 149 2049 AEE Al
A TRz #3890 Aae v F B4 A7

A 209 WEne Resgo

A9 =H ¢ &4

s YU E AAT gsvted - Intsd
Waring blender® v}#ste] ztz}b 10 g4 & 2t&e)
230 #Hs & 80% acetonitrile 100 mLE ¥ 10

of carbofuran and 3-hydroxycarbofuran in the three

crops

Sample No. Crop Location Sampling date
M-1 ~M-5 Mature garlic Seosan, Chungnam Jul. 2, 1995
M-6 ~M-10 " Chungju, Chungbuk Jul. 4, 1995
M-11~M-15 ! Euisung, Kyungbuk May 29, 1995
M-16~M-20 " Euisung, Kyungbuk Jun. 26, 1995
M-21~M-25 Immature garlic Seosan, Chungnam May 8, 1995
M-26~M-30 " Chungju, Chungbuk May 15, 1995
PT-1~PT-5 Potato Pyungchang, Kangwon Jul. 25, 1995
PT-6~PT-10 " Kimcheon, Kyungbuk Jun. 24, 1995
PN-1~PN-5 Peanut Yeoju, Kyungki Oct. 18, 1995
PN-6~PN-10 " Icheon, Kyungki Oct. 18, 1995
PN-11~PN-15 " Yecheon, Kyungbuk Oct. 30, 1995
PN-16 ~PN-20 " Kochang, Cheonbuk Nov. 6, 1995
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7t ultrasonic cleaner (Branson 2200, Branson
Ultrasonics Co,, US.A)2 2&9 &3 oL 7<¢
AFstn FAME 50 mLe FEEUIE Mo| ojfg
FoAT. o delg BAARQLY $7lm ZF5
500 mLeo} ¥ 84 FS4 100 mLE Yo &3}sta 100
mL2} 200 mLe2] ethyl acetate® 23] Ruj3Z3}td]
A3 {7182 S F sodium sulfate ©5319)
o o]& % 1 mlL A=A BYEEE F Florsil 5
gs n—hexane-ethyl acetate (70:30, v/v) Eggujz
4548 8 column (2 cm ID X 30 em L)o) &
371 EFENE 2892 AHBEle A 10
%% 1S whol WaE]a A43le 60 mLE £3
X

[¢]

} 91-4°ﬂ f°1 JE FS B2 PHA AFe
rmg blender2 v}ajdt 7z} 10 g€ A4 Zg
o) #3}e] 80% acetonitrile 100 mLE 91 108
+% F5% o o Hsn FAE 50 mL
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2 BA71E kR 9F 10 g8 NASeaa
o Z3le] 80% acetonitrile 100 mLE Y3 10837
BEET de AelAAD BAE 50 mLe) &
2 Aol S FaUrt o] dig FoldT
&71 F5/9 500 mLe} 34494 100 mLE
1;01 £3}3k51 200 mLe} 100 mL2] dichloromethane

o2

oz 23 BFEde FB AV18uEE B4
sodium sulfate® g & 72QbsZF3 . A3
Z}ztel F%AL n-hexane-ethyl acetate (70:30, v/v)
EFEYoR 15m o2 Gél%-%if& Florisil w4
29 05m ID X l4em L] ¥31 BBl § &
Feodoz S5 ¥3¢ 5 o] 234813 o
_,o}'r EE239Y. °o]F 2 mLe] acetoned] x| &8
% AA-9 #Z7] (Nitrogen phosphorus detector,
NPD)7} 29 gas chromatograph® carbofurany}
3hydroxycarbofuran° BAggon, 0 BAzAL

¥ 204 B upe} )
348e g T Alg 2 10 gol carbofuran
3} 3-hydroxycarbofurang z+z 013 1.0 mg/kgo] =
=S FArkstn gAY S SYsA AlRE zAl
g T EMste AEsien, J2HEFL: NEE
“"]9% TUE 772NN BEIFES 4 w5
F9 A3 ¥ chromatogram’de] peak7z} ¢! z]

EJ_T'_ peak height gtol A@A e EMAY A4
o2 3ok
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NEFEA 549 A4S LA 9A5te] AOAC

2 (Cuniff, 199)0] F3te} 2t 8] pHE 2
3 & Z+zhe] pHol| 9= 02 M phosphate buffer
ol (27, pH 58; 937 vts, pH 64)¢ A
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Table 2. GLC-NPD conditions for the residue analysis of carbofuran and 3-hydroxycarbofuran in crops

Column e Potato and peanut

Ultra 1, glass capillary column (cross-linked methyl silicone gum phase), 25 m
(L) X 0.32mm (ID) X 0.15 gm film thickness

e QGarlic

HP101, Glass capillary column (Methyl Silicone Fluid), 25m(L)*x0.32 mm(ID) X

0.3 gm film thickness
Temperature

Column : Initial temp. 130C for 0.1 min, 10C/min to 250C

maintained for 5 min in case of garlic,
Initial temp. 110C for 0.1 min, 10°C/min to 220TC
maintained for 5 min in case of potato and

peanut
Injector :

Flow rate Carrier (N2)
Split ratio : 51

Purge valve Off for 0.7 min
Injection volume : 1pL

220C, Detector: 250TC

2 mL/min, Make-up (N} :
H, : 3.7 mL/min, Air

28 mL/min
: 105 mL/min
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o} (Perrin®} Dempsey, 1979). Z 300mL¢] H|o)AE
d&ol AP &7le] ¥ ol h2T GFZAE
= 20g 293 AR} ks 22 50g8e Aaw
zZb Algell 4719 buffer €9 100mLy & 7}3td
Ultra-Turax T25 (Janke &Kunkel, IKA®-Labortechnik,
Germany)& o]-83t9 587t ulgd ¥ Whatman
No. 1 o3& o] &3t FAATsH) o] oo
100 mLe)| carbofurang 100 ppmo] HEE Hr}lslz
37CY incubatort]oll A wi¥stAA 05, 1, 3, 5¢ 7
I F ARE FU1EMRE 539 BAEq

o &7]3 100mLe] ¥32d4¢ 800mLy ZH4
€ %3 200mLe] dichloromethane® & 33] Ruj3
39 §7185 & &8 T HP 5972 Series mass
selective detector7} 42¥ GLC-MSD (HP 5890A
Series 1I Gas Chromatograph, Hewlett Packard Co.,
USA)Z EAstglon, E4xAL ¥ 394 BE
ulo} et

EF AHIES BFS 95te) GLC-MSD #4o]
B ARE ¥ 49 AAT Z2HlM GLCFID (HP

5890A Series II Gas Chromatograph, Hewlett
Packard Co., USA)Z #A3l9 peake] WAL 7|&
L2 AIES AP AT

A% % &

5
2 AgEAuge] 93 carbofurand} 3-hydroxy-
carbofuran®] 3F&L ZE IEANE9A 24zt 92~
100% o] $it}. Carbofuran} 3-hydroxycarbofurane] 3
AREHE 47 013 03 ngolgied, AEsAE
Z+z} 0.02¢} 0.06 mg/ kgo| ATt

IEM MEd R
7k ZE49 carbofuran®} 3-hydroxycarbofurano} %t
S A3 AdE 52 E 6 a9sgh
$euls 2089 A|8% carbofurand HE 9] Ao
A AFE 28 (M-128 M-16)] A2l 4 0.133 0.07
ppme} AEHY 10%e} HENEE RYon}, 1 %
FAE AFASEFRAAANA A AFFHEE (A

Table 3. GLC-MSD conditions for the analysis of the metabolites of carbofuran in the phosphate buffer

extracts of the three crops

HP-1, glass capillary column (cross-linked methyl silicone gum phase), 25m (L) X

1 mL/min, Split vent : 7 mL/min,

Column
0.2mm (ID) X 0.33 zm film thickness
Temperature Column : Initial temp. 150°C for 0.1 min, 15C/min to 250C
maintained for 15 min
Injector : 220°C, Detector: 280C
Flow rate Carrier (He)
Septum purge : 1.5 mL/min
Injection volume : 1pL

Table 4. GLC-FID conditions for the analysis of carbofuran and carbofuran phenol formed in the

phosphate buffer extracts of the three crops

Column Ultra 1, glass capillary column (cross-linked methyl silicone gum phase), 25m (L)
X 032 mm (ID) X 015 gmfilm thickness
Temperature Column : Initial temp. 160°C for 0.1 min, 10C/min to 260°C
maintained for 5 min
Injector : 220°C, Detector: 250C
Flow rate Carrier (Na) 2 mL/min, Make-up (N2) : 28 mL/min
Hs ¢ 37 mL/min, Air :105 mL/min
Split ratio : 51

Injection volume : 1pL
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Table 5. Residues of carbofuran in the samples of the three crops

Number of Detection Amount of carbofuran detected (mg/kg) Maximum residue

C
ToP samples  incidence (%) Min. Max. Mean limit (mg/ kg)
Immature garlic 10 0 <0.02 <0.02 <0.02 0.5
Mature garlic 20 10 0.07 013 0.10 0.5
Peanut 20 0 <0.02 <0.02 <0.02 0.5
Potato 10 0 <0.02 <0.02 <0.02 0.2

Table 6. Residues of 3-hydroxycarbofuran in the samples of the three crops
Amount of 3-hydroxycarbofuran

Crop Vel incdence (9 detected (1 k)
Min. Max. Mean
Immature garlic 10 0 <0.06 <0.06 <0.06
Mature garlic 20 5 0.13 013 0.13
Peanut 20 0 <0.06 <0.06 <0.06
Potato 10 0 <0.06 <0.06 <0.06

Table 7. Intake of carbofuran from the three crops by Koreans

Intake of pesticide
Intake of

Chemical Crop crop Max. pesticide Max. ir.lté.lke of Mean residue Inta1.<e. of
(8/day) residue pesticide (ne/ke) pesticide
(mg/ k) (mg/day) (mg/day)
fmmature - <002 . <002 -
Carbofuran garlic
! Mature 5 026 00013 023 0.0012
3-hydroxy- garlic
carbofuran Peanut - <0.02 - <0.02 -
Potato - <0.02 - <0.02 -
FolokEotA A, 1993a)<l 05 ppm K} A ) carbofuran® A4H2  oldqg 8hH  3-hydroxy-
FE3 3-hydroxycarbofurane F 20 9| ANEF A& carbofuran& A &t5-o] 22 F¢7] WELE Holh,
Aol M F7E & AE (M12)914 013 mg/kgol ol ZAFAA} carbofurang o] A AEHAS
A&l 5% AEWNZE Btk Cabofurand  7FeA S AMAETL a1y Eebesd AR 2 9F
U}% z]]uHEOt 1A :x}a}% AA Y5t €% A 8% carbofuran®} 3-hydroxycarbofuran®] 2t
% IEBE AAXNRE 53 30974 150 g/10a2 & BA3 A5 ZE AR AEEA vl th
SEAE oA (54FYYS, 19998 14T
Zulzo] A carbofuran®t I thAMAHEQD 3-hydro- Carbofuran ZHREke| oHH M HI|
xycarbofurano] %% Ae A¥H carbofurano] n} Carbofuran®] 1443 3s-&% (AD)2 001

e §4" ¥ 3-hydroxycarbofuran© 2 AL mg/kg/day°]al (Worthing, 1991) o] ghell =<1
Ao® BT 53 As¥E M-12¢4 carbofuran BrAZE (G5kg) S Fatd 7 1907 19 HdGAHA
7} 3-hydroxycarbofuran® HE&F=7l =g AL 38%e 055 mg/man/dayoe|t}. 1973~1990:d 9] &
3-hydroxycarbofuran®] carbofuran®t} AR 9| 301 1913 19 B npsAAFS 5gola (HFAY
ool @A zob whsel Melol FoEY  EAA, 1993 o9 ol, 1993), AR 94 (M1l
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Fig. 2. Gas chromatograms of the phosphate buffer extracts of the three crops incubated with carbofuran.
A:Mature garlic sample incubated for 3 days, B:Potato sample incubated for 0.5 day, C:Peanut

sample incubated for 0.5 day.

A A rhEABdAN HEE  HdEEcs
carbofuran 0.13 mg/kg#} 3-hydroxycarbofuran 0.13
mg/kgel™ ¢] & §3ld 026 mg/kge] HE 2 wl
A 9% carbofuran®] Ho] 1YHHZFS 026
mg/kg x 0005kg = 00013 mgo] It (¥ 7). &
obs A oste] @5 & Abgo] shFd AT
T & carbofuran®} HNFL 2ug "TYE UE
Wo, o] Z& carbofuran?] 1¢ HhAH &L
055mge} 0.24%°l sjzgct webd wisa wg 9
A Aol wEolet mAtvtE] T EXA A
=& WA A%t carbofurang AHEElol = AAE
£ gl EAH] §le Aoz ATHAG

&2 9| phosphate buffer £&% % carbofurano| &

g

7} Z&¢] phosphate buffer 3% ¢l carbofurang
Hrbsta UA7IZE Bk 37CAA Wt F {718
j2 ZZ3le] GLC-FIDZ #2413 chromatogram<
a9 2904 B uieh 2o, o] A g GLCMSD
BHog & mass spectrume 1§ 39 AAISHA
t} 1% 30)A] peak 19] mass spectrums R 1
fragmentation pattern© 2 o} molecular ion (M')o]
m/z 16421  carbofuran  phenol (2,2-dimethyl-7-
hydroxy-2,3-dihydrobenzofuran) & 2  &R1=| ). =
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3 a9 59 e R23FEQ carbofuran®] mass
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Fig. 3. Mass spectra of the major metabolite of myz 164 (A, peak I of Fig. 2), carbofuran phenol, and
the parent compound (B, peak Il of Fig. 2), carbofuran.
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& AXAA 8AE & dsS gAETh Dorough
(1968a; 1968b)t carbofurand] # o} Asg A o)
Aol 1R Aol 22 dojutn 39
I %3 carbofurano] 4+8}EW 3-hydroxycarbofuran
of | olpe AW FYAE YHAAY =
3-ketocarbofuran© & thAl€tiar &t9ich

gy B A AE Metcalf 5 (1968)0] #jA) 3

O%' CONHCH 3

0] CHs
CHs

Carbofuran (m/z 221)

H20 J’ Hydrolysis

OH
0]
O CHs I
+ HO— C— NHCHs
CHs
Carbofuran phenol (m/z 164) J,

CO2 + HzNCHs3

Fig. 4. Possible pathway for the formation of
the major metabolite, carbofuran
phenol, in phosphate buffer extracts of
the three crops.

carbofuran®] A ZA| 9 2F Z F A fhALEA
A BT e Aste o giAEEQ 3-hydroxy-
carbofuran®} 3-ketocarbofuran& H&EHA ¥ 714
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2 ARE FEIE 9 Ax
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Fig. 5. Formation of the major metabolite,
carbofuran phenol, in the phosphate
buffer extracts of the three crops
treated with carbofuran and incu-
bated, as a function of the incu-
bation time.
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Residue analysis of the systemic insecticide carbofuran in some crops and its safety evaluation

Jae-Koo Lee »SinJong Choi » Kee-Sung Kyung' - Ki-Chang ~ Ahn » Jeong-Wook Kwon(Department  of
Agricultural Chemistry,  Chungbuk National University, 361-763 Cheongju, Korea, and "National Institute of
Agricultural Science and Technology, RDA, Suwon, 441-707, Koreq)

Abstract : In order to ascertain the safety of the systemic insecticide carbofuran-treated crops, samples of
garlic, peanut and potato were collected randomly from markets located in the main producing areas and
analyzed for the residue of carbofuran and its main metabolite, 3-hydroxycarbofuran. The in wvitro
metabolism of carbofuran in phosphate buffer extracts of the crops was investigated. Two (M-12 and
M-16) out of 20 mature garlic samples contained 0.13 and 0.07 mg/kg of carbofuran, respectively, showing
a detection incidence of 10%. The residue levels were less than the maximum residue limit (0.5 ppm) set
by Korean Food and Drug Administration. Only one sample of mature garlic (M-12) out of 20 contained
0.13 mg/kg of 3-hydroxycarbofuran. The residues of carbofuran and 3-hydroxycarbofuran in the immature
garlic, peanut and potato samples were less than the detection limits, 0.02 mg/kg for carbofuran and 0.06
mg/kg for 3-hydroxycarbofuran. The application of carbofuran to the fields of garlic, peanut and potato
would be safe, considering that the estimated maximum acceptable daily intake of carbofuran from garlic
was 0.0013mg which is 024% of the maximum acceptable daily intake (0.55mg). Carbofuran was
hydrolyzed in vitro mainly to carbofuran phenol (m/z 164) in the respective phosphate buffer extracts of
the three crops in contrast to the major oxidative metabolism in situ. The amount of the metabolite
increased with the incubation time.
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