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Abstract

A study was undertaken to investigate the absorption, translocation and metabolism of
carbofuran in rice paddies. Ring-3-*C-carbofuran applied onto the paddy soil surface was
rapidly absorbed and translocated into rice plants. Within 2 days after treatment, it was observed
that carbofuran reached shoot tips and accumulated. More than 15% of total radioactivity was
recovered in rice plant from 3 to 20 days after treatment. In organic soluble fraction of rice
plant extract, 3-hydroxycarbofuran was the major metabolite recording 43% and 4% of total
organic soluble radioactivity in shoot and root at 20 days respectively. 3-Ketocarbofuran and
phenolic metabolites including carbofuran phenol, 3-hydroxycarbofuran phenol and 3-ketocarbo-
furan phenol were also detected in the organic soluble fractions. Some glycosidic conjugates of
carbofuran metabolites were found in water soluble fraction of rice plant extract and 3-hydrox-
ycarbofuran was the most abundant aglycone. Radioactivity in paddy soil was rapidly decreased
until 3 days after treatment and then maintained almost constant level. A significant portion
(42~56%) of the total radioactivity remained in soil as nonextractable residue from 5 to 20 days
after treatment. The nonextractable radiocactivity was mainly located in soil organic matter
distributing in humin, fulvic acid and humic acid fractions with the decreasing order. Evolution
of “CO, from ring cleavage of 3-“C-carbofuran was negligible recording only 1.8% of total
radioactivity during 20 days after treatment.
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A ol {# A3 “C-carbofuran & benzofuran % 3
Wetart ¥C 2 BEE Aoz BT HBREIAEA)
2 FH SEdgch HBEEE-S 12,61 mCi/mmole of
Qqom HEHLEE #iEE TLC radioscanner (Berthold
Co., FRG)d| 918 weielsivh.
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2 pnk5 3 % acid-base #piRES o std HH,
fiEE TLC = megistd #HM3H

& SWHE B¥REY SrgEs SE-527 54
0. 45 mm X 50 m)>}
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Rt MEF(R)E 30 =k i3, topical BEE
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Table 1. Some characteristics of soil used in the study

Exchangeable bases(ppm)

. Organic Total Cation exchange
Soil texture pH matter(%) nitrogen(%) capacity(meq/100g) Ca Mg K
Sandy loam 5.9 3.6 0.07 13.1 22.3 12.3 3.4

Amberlite XAD-4
- Mater
aspirator
— @)
. Flow
Air °
in]et*—l .wo regulator

Figure 1. Schematic drawing of laboratory
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K b 3 2 EEHEEE S 05cmFolz M
g)et # whabAlbako} A 50 ml 2] methanol 2 3 B i
st vl kY 3 $E 100ml 9 methanol & %
1RefIE S 3| ARSFEsIE . fiHKE sintered
glass & @3le] MEEJEESI= 50 ml 9 methanol = 3%
R ARE Adud G4 EET &sdch #3
HEEE 40°C A F 5ml =z HERMES 250ml 4
WlEstel &7 % 30mle FE@AKE sHetd 50ml 9
dichloromethane 2 50 ml ¢ ethyl ether = & 2 [E4
#hHIekgl o 3HE organic phase & 7k Na,SO, ¢ i

1 N KOH

chamber for study of 4C-carbofuran metabolism

BAA BAKT # 40°C oA BEEEMT 10ml 9
methano! o] F¥ s o}

Methanol B (HEH: BHED 1mlE Hstd
scintillation vial o] %> scintillation cocktail [
(2, 5~diphenyloxazole(PPO) 6.0 g, 1, 4-bis (5-phenyl-
2-oxazolyl) benzene (POPOP) 0.1g & toluene o] %
o 112 %) 10mlE 713 # liquid scintillation
counter (Beckman Model LS 100C, USA)z Mk atae<
HzEstel of. BIERF quenching FiE-& »"Cs-external
standard #:-& #FA3 o.

SWHEL 9 aqueous phase(KESH: HEHEE) = =
9% 50ml 7k 552 P, 1mlE stz 10ml 9
scintillation cocktail I (PPO 4.0g, POPOP 0.2g,
naphthalene 60 g, methanol 100 ml, ethylene glycol
20ml & p-dioxane o] %o 1132 )L A% #% L3
Fiige od HatEES EstE o

Sintered glass o} dobglE MR B i B
HE) T BRdt % Fasta, KEERHT 30mg, B
ARE 250mg & &% HEH GBEY META
Lindberg furnace (Fisher Co., USA)E Fif, dry
combustion 3} F4:% 1CO, & methanol o] 9]
1.0 N hyamine hydroxide® %% 3ml 2+ scintillation
cocktail 1 10mle] \EEH ) s HEHES AT
LEER
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v EERS 3 1COo,

Amberlite X AD-4 resin o] 4= EHEHRS-L 50ml
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7. Thin layer chromatography (TLC)

b RS 5ml & Heshed 0.5ml 2 BHES %
200 1 & silica gel HF,s, 7} ] 3-%] TLC #% (precoated,
250 yum, Merck Co.)ol band application 3}l vk % B
BAZSE M=z 15em ki BBA ¥ 1N methanolic
KOH ¢} acetone-methanol (1:1, V/V)o] =9 0.1%
p-nitrobenzenediazonium fluoroborate & =& 2 ¥4
o] BEAF o @ B carbofuran R @ EH
Co-chromatogram 2. 2 ¥-¥ a2 & RS FoIu =
10 ml 2] scintillation cocktail & 7}3te] MHEES
s ot

TLC koA RE%ES carbofuran ¥ B @ik
¢ Ry ffix= Table 2 9} ztch.
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KiEEE M EWMABHE conjugates o MRS 45
KM MBS —F5& Wets 55 Bl B =Ee
FRd o8 mAkGRE 739

Bk #EE 0.25 N HCL 2 - Fell 4 1 B5R%
g EHEH T Rl 4% k4MEe  cellulase
(Aspergillus niger, Sigma Co.), p-glucosidase
(Almonds, Sigma Co.), sulfatase(limpets, Sigma Co.)

584 543 A
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9 p-glucuronidase (E. cols, Sigma Co.)E& {#f,
Mcllvaine’s citrate-phosphate buffer Foll 4 37°C, 24
B 5 o ElEE s o Cellulase, G-glucosidase 2
sulfatase = pH 5.0 914 E@EBE 25 2L 12 K
o] £4 10units (Sigma unit)®d-& s}stg e S-
glucuronidase &= pH 6.8 o] A 4 1500 units & 7}3}
frh BE % % KEWS dichloromethane/ethyl
ether 2 HhIH3te] whigt: HEHES BIEI o Min
KERES] dh¥ME s TLC 2 aglycons o R
3 SHE FAESA

S TERE#HYh FEmY RaE

FEERR D JER i BatEES] WO B SAmE
##Est7] 93] Schnitzer®® ¥ Khan £¢02] F:e
w2} H#MH-L fulvic acid, humic acid 2 humin 5%
oz ST & SHE FAAR: £ —EHE dry
combustion st9 HEtEES HEI A .

10. Autoradiography

BES KBERANE Folel e I,
st —40°Cof A FE5FAAL #el Xeray film
(Kodak X-Omat XL-6 film)o] 2@ BHAZR oo
TLC & FimElel A BHAA .

blot-drying
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1. B§HBRY “C-carbofuran2| Wiy % 11T

4] B carbofuran o] KRGz o] Bk 2 B
TS BRge e autoradiogram -2 Fig. 2 9
Zeh,

Carbofuran & HFE @3le wbFz 153 Bk,

Table 2. R; values of carbofuran and metabolites on thin layer chromatograms

R; value
Compounds Solvent system*
I I JIif v
Carbofuran 0.31 0.43 0.51 0.54
3-Hydroxycarbofuran 0.07 0.18 0. 30 0.18
3-Ketocarbofuran 0.28 0.40 0.47 0.30
Carbofuran phenol 0.51 0.59 0.66 0.55
3-Hydroxycarbofuran phenol 0.20 0.39 0.51 0.37
3-Ketocarbofuran phenol 0.40 0.52 0.59 0.45

*solvent system [ ; diethyl ether: benzene (1: 3,v/v), [; diethyl ether: benzene (1:1, v/v), W; diethyl
ether: benzene (3:1,v/v), [V: hexane: diethyl ether (1:3, v/v)
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Figure 2. Autoradiogram showing the translocation and accumulation of C-acrbofuranin rice plant at
different days after treatment on paddy soiil surface

BiTE o] EH 1~2H ke & Ehd =234 = EfE+ #HAe 2859 ol Siddaramappa &g
g T % ) RBHel o ERMWAL & 9 Arunachalam Z®%o] #48 KERIEWT carbo-
whrel el e mibEE 2o Wik carbofuran ¢) furan o] JKTAMS = WUEEHT = Bl 28 A o) Aot

Table 3. Distribution of radioactivity after application of [3-**C] carbofuran onto the paddy soil surface*

Radioactivity recovered (% of the dose applied)**

trescment. Rice plant Paddy Volatiles 1C0, Total
Shoot Root soil evolved recovery
0 0.1 0.3 100.7 0.0 0.0 101.1
1 0.8 4.3 94.6 0.0 0.2 99.9
3 8.9 6.8 70.8 0.3 0.4 87.2
5 5.9 12.9 68.8 0.4 0.6 88.6
7 5.6 10.4 64.4 0.5 0.7 81.6
10 5.9 10.9 65. 6 0.6 1.0 84.0
15 5.5 12.7 61.3 1.0 1.4 81.9
20 7.4 12.3 68.0 1.4 1.8 90.9

*[3-14C] Carbofuran was applied at 8.45x10°dpm per 50 g of soil
**gyverage of duplicate samples
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Table 4, Distribution of radioactivity in rice plants and paddy soil after application of [3-'*C] carbofuran

onto the paddy soil surface*

Radioactivity recovered (% of the dose applied)y**

Rice shoot Rice root Paddy soil
Days after
treatment Extractable Extractable Extractable
e Nonext- Nonext- JE— Nonext-
Organic Water ractable Organic Water ractable Organic Water ractable
soluble soluble soluble  soluble soluble soluble
0 0.1 0.0 » 0.0 0.1 0.0 0.2 100. 2 0.1 0.4
1 0.6 0.1 0.1 0.8 0.0 3.5 54.9 1.1 38.6
3 6.6 1.2 1.1 0.9 0.2 5.7 42.5 0.5 27.8
5 3.0 1.4 1.5 0.4 0.3 12.2 18.8 1.1 48.9
7 1.6 2.4 1.6 0.5 0.2 9.7 .21. 4 1.1 41.9
10 1.3 2.2 2.4 0.3 0.2 10.4 20.5 0.8 44.3
15 0.9 2.1 2.5 0.4 0.2 12.1 11.2 1.2 48.9
20 1.0 2.2 4.2 0.3 0.2 11.8 10.8 0.9 56. 3

*73-14C] Carbofuran was applied at 8.45x10° dpm per 50 g of soil

**average of duplicate samples
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Table 5. Distribution of carbofuran and its metablites in organic soluble fraction of rice shoot extraect

Radioactivity recovered (% of total radiocarbon in organic soluble fraction)*

Days after
e Capofuran Lo SKetw - Gariofuen g Hydroyeao- - fetoatbe, 0y
1 87.9 7.9 1.2 0.3 0.0 0.2 2.6
3 85.3 11.2 0.9 0.1 0.5 0.5 1.6
5 65.6 26. 3 1.0 0.2 0.3 1.4 5.4
7 52.1 32.4 2.3 0.4 0.7 1.4 10.9
10 47.9 32.0 1.9 0.0 9.8 0.7 16.9
15 42.7 32.2 2.9 0.2 1.0 1.7 19.6
20 32.4 43.0 3.5 0.6 1.7 1.8 17.1

*average of duplicate samples

Table 6. Distribution of carbofuran and its metabolites in organic soluble fraction of rice root extract

Radioactivity recovered (% of total radiocarbon in organic soluble fraction)*

Days after
W Catpofuran S0y SRete - Carbofuran ¢ Hydrowearbo- g Ketocarbo, 0rper
1 86. 2 4.2 0.5 0.1 1.5 1.7 5.9
3 87.5 0.9 0.8 0.2 1.0 1.7 8.0
5 50.4 7.2 2.8 3.2 1.5 2.4 32.8
7 63.3 4.2 1.4 1.2 1.8 3.0 25.4
10 54. 8 4.1 8.3 0.0 1.7 1.7 29.7
15 43.3 10.7 1.4 1.4 0.5 3.0 39.0
20 52.7 4.1 1.8 0.0 2.8 2.2 36.5

*average of duplicate samples

Table 7. Distribution of carbofuran and its metabolites in organic souble fraction of paddy soil extract

Radioactivity recovered (% of total radiocarbon in organic soluble fraction)*

Days’ after
BTN Compofuran oy SKeo | Cartofuran g Hydronyoao- 9 Ketocuber oy,
1 88.1 2.8 1.0 0.6 1.4 1.8 4.4
3 92.8 1.1 0.8 0.7 0.8 1.9 2.1
5 87.7 2.1 1.0 0.8 1.1 1.9 5.6
7 89.8 1.6 0.5 1.1 0.9 1.7 4.5
10 90.1 1.6 0.7 0.5 0.9 2.3 4.0
15 85.1 2.7 0.9 0.9 0.9 3.2 6.5
20 83.2 2.9 0.8 1.1 1.2 3.3 7.7

*average of duplicate samples
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Table 8. Toxicity of carbofuran and its principal
metabolites to brown planthopper (Nilaparvata
lugens Stal)

Compound Topical LD (ug/g)*
Carbofuran 0.33
3-Hydroxycarbofuran 4.36
3-Ketocarbofuran 3.35
Carbofuran phenol > 100
3-Hydroxycarbofuran phenol >100
3-Ketocarhofuran phenol >100

*24hrs after treatment

EBABEY 3-hydroxycarbofuran 9] #izdS i
L vl sk

+H) A= KEMSE 28 WmEN BaEEY X
ool M{b&4el carbofuran o] gl ow) WRE 20 H #
Ax 2489 80% L L& A sty e

KkiGol Al carbofuran o] ¥ ® 7 BEAELE 714 &
of HEH R Yt BE et mRY FERBEY
o W o] g HEL FEY v Table 834 F
o},
£33 fBEwe 3-hydroxycarbofuran 3 3-keto-
carbofuran -& carbofuran o] M3 = o] ¥ ¥
ko] oF 1/10 %= v eExton phenol Y A ¢+
Z @l o wol 100 pg/g EERCl £ FFEHC]
10%wl 2ol gvh. ol el dt Bhg Eof ¥ T F55F9
ol Hb el A carbofuran & {37 #TH ) ==t
2 FEEe AstEe Aoz 44

4, IK;B¥E conjugates o FEER
KIGEE o bE0e) kit mBRSE B 2 BERET A

#5445 %37

A6d A13A8D)

B, K #ET % RbE IEE REEE AET &
1z Table 9 8 2}

ol o8 koS HEAES 42~50%W Y= FFEAT R
Kol #& Ao —Ehgl vt BREED ks HRE
% 27 cellulase of] o] & Zfigdee] 714 wghow =
g RESARL BEtel W —Ed SEEE Ve
g B-glucosidase of o] 8k 4rMEZRE FNIARKH] B3

' Egort Fiie] BT vt welAw= EHAE
B9 ow sulfatase ¥ G-glucuronidase ¢ 2} 3 3=
uo] gk kHEel gk ol 8 Bho 2 uFo] carbofuran
KRHEDS conjugates = £ glycoside &&TE]
BrfElo] B o=l $RA cellulose £RIBE S B
AFE Aoz JAHd, U

B ksl o3 miBE st aglycon o) 4
¥ TLC = #{ES #R+ Table 10 34 2o}

A" RWEWH  3-hydroxycarbofuran o] +HE
aglycon o} gl ow 9 48] phenol ¥7} HHE I =
¥] o] & Marshall £90] 9 5ol A, Ashworth &
o] Zeid ol A st vhek A HHEE 2Y

5 TIREH#DD BREE SH

i JehiiiE BatEES BEY S8R ShEE
< AEY #BEE Table 11 3 7o}

s BOHEES B SEB SfHE humin>
fulvic acid>humic acid Ji§o] 9l o= fulvic acid 433
HATEE-2 BEfEIl BT whel ohx EdEe Hel g
3L, ubel humic acid 4 &k Hgtggel A 2 #EinstE= |
Mg 29 Y o]l Schnitzer®” @  Kaufmann©® %

o #EE ALY A v E o @wBE A4d

Table 9. Liberation of organic soluble radioactivity from water soluble fraction of rice shoot extract after

acidic or enzymatic cleavage

Radiactivity recovered (% of total radiocarbon in water soluble fraction)

Treatment Days after “C-carbofuran treatment
3 5 7 10 15 20
HC1, 0.25N 41.5 48.8 46.6 50.4 43.2 45.9
Buffer blank at pH 5.0 9.0 7.2 6.2 5.0 3.9 3.8
Cellulase 71.5 73.6 72.2 67.7 69.3 64. 4
B-Glucosidase 45. 4 44.0 42.8 37.6 32.2 25.4
Sulfatase 14.7 13.3 11.3 9.4 6.5 6.0
Buffer blank at pH 6, 8 9.2 8.6 7.7 6.3 51 4.6
B-Glucuronidase 11.2 9.6 10.0 7.9 5.9 4.8
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Table 10. Distribution of organic soluble aglycons liberated from water soluble fraction of rice shoot after

acidic cleavage

Radioactivity recovered (% of total organic soluble radiocarbon)

Aglycon Days after **C-carbofuran treatment
3 5 7 10 15 20
3-Hydroxycarbofuran 14.5 30.9 36.1 40.5 37.3 38.2
Carbofuran phenol 1.1 3.0 1.8 3.1 4.3 2.5
3~-Hydroxycarbofuran phenol 1.4 3.0 3.9 6.5 6.9 6.0
3-Ketocarbofuran phenol 1.0 4.6 1.5 6.4 3.0 53
Others 82.0 58.5 56.7 43.5 48.5 48.0

Table 11. Distribution of nonextractable radioactivity in paddy soil with different organic matter fractions

Organic fraction

Radioactivity recovered (% of total nonextractable radiocarbon)

Days after C-carbofuran treatment

1 3 5 7 10 15 20
Fulvic acid 38.6 35.8 32.1 34.5 33.6 319 31.8
Humic acid 9.0 9.2 9.1 9.3 10.1 10. 4 11.3
Humin 52.4 55.0 58.8 56. 2 56. 3 57.7 56.9
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