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Degradation Patterns of BPMC and
Carbofuran in Flooded Soils
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Abstract

The effects of soil factors, pesticide application levels and environmental factors on the degr-

adation of two carbamate insecticides, BPMC and carbofuran, in soil were studied under flooded

and non-flooded conditions. The degradation patterns of BPMC or carbofuran were similar in

flooded and non-flooded soils. It was also found that carbofuran was more persistent than BPMC

in the test soil. Regards to organic contents of soils, high contents of organic matter reduced

degradation of either BPMC or carbofuran and high soil pH accelerated degradation of both inse-

cticides. Soil microorganisms seem to play an important role in the degradation of BPMC and

carbofuran. Both chemical and biological degradations appear to contribute transformation of

BPMC and carbofuran in the flooded soil.
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Hexanes: Fischer Co. (U.S.A)),
isomeric mixture

Acetone: Kanto Co. (Japan), EP, Jij5&7
57°C 5 BIE 1)

Methylene chloride: Kanto Co. (Japan), EP, j5z
B OPBEL 39~40°C 23 MMk 1S

2, 4-Dinitrofluorobenzene :

pesticide grade,

B 56~

Wako Co. (Japan), L&t
T, EZEN WREY 127~128°C 4 #6H
Potassium hydroxide: Fischer Co. (U.S.A.), 59
(W/v) KEsyi g Jiisle] il
Borax (sodium tetraborate): Kanto Co.
GR, 10% (w/v) K#W-E Wiste] (A1)
Sodium azide: Junsei Co. (Japan), 97%, 2% (w/v)
IKREHE PREte) (i
Sodium carbonate: Wako Co. (Japan), 98%
Pesticides: BPMC g4 (Wako Co., Japan)
Carbofuran 5, (FMC Corp., U.S. A)
BPMC [5#1(95%), carbofuran J5{#(75%)
g 4w - BPMC 9 carbofuran #5252 ac-
etone o] WA A 7 2,000 ppmo} HEE PHEe
E 98 o & o144 sk} 200 ppm 7 20 ppm o
B W
FEBEEE J2 e« BPMC 2 carbofuran J5{#% & acet-
oneol #fEAA 77 2,000 ppmo] | EE g uk
€ v& ol & 3 4sle] 200 ppm, 20 ppm 9 FHES M

(Japan),
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F Mt MGk 2mm EHE B on, S
7 R2obR] BYESY FEF& Table 1o] 414l

Table 1. Physical and chemical properties of
test soil

Particle size
Moisture pH distribution OM. C.E.C.
(%) (1:2.5H:O)sand silt clay (%) (me/100g)
(%) (%) (%)

48.0 21.6 30.4 2.4 11.2

8.7 5.3
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(D) 8K FE =& i
REL1% 208 & AU (25200 mm) el Heshx,
S PR RE (A5 4k 49y 2. 8. BPMC & 0. 6~0. 8 ppm, ca-



Kb ## : #Ek-4gjr BPMC 2 Carbofuran 9] 4
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sl Fod et
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Fil (200 ppm) & 0. 1ml justa, FYeHA
% WK 20ml & pokel BOKIRIEE & o B3 %,
Bt 7l
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WEd Aol AAT AItA L 20gS A AF R
oA Edt o (W F—stA gEHEskgl o

(4) 1298 PRIMPLIES). & Rk

PR 208 & Alfﬂ m&oﬂ Eshar A 71 0.1,
1.0, 10.0 ppm ©] FEEER B 20, 200, 2000
ppm & 47 0.1ml szfM FAA AL %, @O
s+ - -ohA] Bk g o
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GUFL 182 aluminum F$] e ¢kAl %WI DB BB 4%
of ol 1H kA 02 121°C ol A 18IS 3@ Ik
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hylene chloride 7} carbofuran & ddijlte] = FL& iy

g ne oA RS LEeahiliel @B . A
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ml 2] acetone & Hi8l =, 3 % A AIEEMN(220~230

El/5) Aol A 1MpfE- ok Al sHbiiet g o Al s

BEte] M-S 55°C o] PERLE A sml F= &
TSt RS S wiE kel S 20 ml 2] meth-
ylene chloride 2 % hiflighed =& Auifh & A A
&}l ct. Methylene chloride & Z5iftalo] 35°C &) B
BRIl A st A ). o S
/acetone(90 : 10, v/V)EAK #HWAZAS. FEE
20 ml ¢] methylene chloride 2 F4 j‘[h.’l"‘*]—"ﬂ b dhH
g SrHEstel 35°C of MRl A TE-ak ). o
Py sml ¢ hexanes/acetone(90 : 10, x/v)ag{}zf?
of A A ).

5 ml 2] hexanes

5. 2,4-Dinitrophenyl ether M@ i
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Fig. 1. Derivatization of aryl N-methyl car-
bamates to 2, 4-dinitrophenyl aryl ethers

Holden“5~190] 713} 2, 4-dinitrophenyl ether f3if4
S okl A st i o WMKIEAS Fig
Lol ®gieh

EE2 (5)9] hexanes/acetone -2 250 mi o] 4rzk
flask o] §7] 52, 100 ml 9] WAk, 2mle] 5% KOH
Ksw 2 1ml 9 2,4-dinitrofluorobenzene/acetone(3

150, V/VBSHE ekl 204051 Alegstd . o7
o] 10ml 2] 10% borax K% st f& 80~100°C 9
BEEE KR AL A 30451 ether bsbgivt. Moz iyl
# 10ml 9] hexanes S st AL =3} # hexanes J§-&
ZBEste] gas chromatograph fio 2 obgivi. -}
=Jghel BPMC g et 3
A 519 =
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Table 2. GLC-ECD operating parameters for
analysis of carbamate insecticides BPM
C and carbofuran

A2A A 23 (1983

Detector: ECD (Ni-63)
Column: 6 £t.X1/4 in. o.d., U-tube glass column
Packing material: 3% OV-1

on Chromosorb W, HP (80/100 mesh)
245°C
230°C
Detector block 270°C

Temperature: Injection port
Column oven

N. flow rate: Carrier gas flow, 80 ml/min.

Scavenger gas flow, 20 ml/min.

Injection volume: 2~5 ul

Electrometer sensitivity: 32)<X10-° a.f.s.

Chart speed: 6.4 mm/min,

7. WEHR EX

LRSS B ¥E (200 ppm) & 0.1 miFRsted  2,4-D
NP ether jFiEfe plMisg 10 mZ 9] hexanes © 2 HhHigt
WS A7 100X (1/2,1/4,1/8,1/12,1/16, 1/20) %
Bsle 27 0.04, 0.08, 0.16, 0.24, 0.32, 0.40 ppm
9] BPMC 4 carbofuran 2] 2,4-DNP ether 35z
W wbE# 5ul 4 GLCo] #:A%le] recorder respon
smm) 2 fERNSE o

se(peak o]

8. EHE WE

BRI 208, WEEEAK 20 mi o ELEEIEA BAE 200
ppm 2 20ppm & 7 0.1ml gk A ek g
control 2 77 #litH, 2,4-DNP ether 5k sg,
10ml 2] hexanes o2 HuHT Bt BREEH BEW
200 ppm 3 20 ppm & TE#EE 2, 4-DNP ether FHHHE #i
#% 10ml 2] hexanes o 2 I3t Bwe GLC chro-
kewgste] skehg .

matogram 8] peak =o] &

. #R % 2R
1. % chromatograms U % BRp:ig

BENSISHE AT 200 ppm % 20 ppm & 72 0.1 mi

B3l 2, 4-DNP ether 3% 8% wi#a% 10 mZ ©] hexanes

o= S BES 54l GLCo EAZIS o1& #mHs
chromatograms 2 Fig., 20 Rdrch. HABHERE
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Fig. 2. GLC chromatograms of 2,4-dinitro-
phenyl ether derivatives of standard
BPMC(a) and carbofuran(b)

(1) at 10ng and
(2) at 1.0ng of both carbamates
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Fig. 3. Calibration curves of standard BPMC
and carbofuran
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Fig. 4. GLC chromatograms of 2, 4-dinitrop-
henyl ether derivatives of BPMC(a) and
carbofuran(b) from soils and irrigation
water

Table 3. Recovery of BPMC and carbofuran
from soil and water

Sample Spiking level Recovery(%)
(p pm) BPMC Carbofuran
soil 1.0 89 90
0.1 86 91
water 1.0 85 91

0.1 82 92

3. LEAka SOl UE SRR

R 20 g o] BPMC % carbofuran & [viRgpi I,
WHIRS 2 0, 20, 40ml wiske] AKEES A
8.7.117. 4, 226. 1% % #&th, —iiml 2 =Hg 4¥rdt
W % W 4pf2 pattern -2 Fig. 50 xglc}.

BPMC4 Py i B KSER 8. 7% (REX

REE) ol A 21.5H 2 117.4 % 226.1% (EAKEER) o 4
4 250 % 25.5H ® ) oF7k ggkoh
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Fig. 5. Degradation curves of BPMC and car-
bofuran in test soils(20g) with different
water content
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S EFHE 20AAAE RF o9 &dtded o Bk
KARTBA A 57T gkt

BPMC &= pokikec] A 4671 1w Igarashi 599,
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B 54 e )5 gk HekA 7J<'53\A ol W
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F AdAE o B AT oA dol gE' A2

RS
4 1 pHok#o| 2 52

A7 A wER ok LEE BEMC
ST B % 9

1% pH &
8 carbofuran o —%EMH A5
4pfit pattern & Fig. 601 2.gir}.
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7.4 % 7.70 42 200 2 17H R 6HAE At
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7.700 A9 21 ¥ I5AREt 10~15HA X A A
BPMC ¢ 5f# pattern & 4 7= pH+% 2% & A
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Fig. 6. Effects of pH on the degradation of
BPMC and carbofuran in test soils

% 2ol spgrot pH 7.4 % 7.7 ohabe] Aifo]
D1r fvﬂ/} "%H“’f%, carbofuran & 7 -9 /4301
& 25 ao] & Ho] pH 7.7 A4 7aF

# 7} “%}%kﬁ}-

BPMC 9 4% 4yfite] =l pHE ke =3
Wore zZol¥ 4 ¢slch. =3l v Venkateswarlu 3
£ @k L83 carbofuran & 43fFed Tell4 pH6.2, 5
0,4.2, 3.090 Lol A [ZUERER 401 o] BEfiol A
7+ 20, 31, 35, 70%=A pH & qlgstqido,
2 Wk 2 pH 4. 2~6. 290 1S Pk 14H o A9
thigzo & pH 7} 443k wk pH 3. 091 g -1-#-& pH
4.2 Ax 2 vbo] AbgelA] fol o Ale] ERERGES =
EYP = s 2astgsr. Caro F9P % car-
bofuran 8] ZE¥Ee R} BEMEQ Lol A Zrlebad

Raagen, Getzin®x pH 7.8Q & |
xi pH 4.3~6.8¢1 Mh#l~p 3ol A 2o} 7~104) 45
f@rb whekeha shglvh, webA gk 4 carbamate
Fhgse] SRy A3 pHol oot & won M
iz carbamate L& ester FidolA v TF
obzhe] ol A9 REEEMel ¥ Frol  orabE] Tl
A5 REED Aol et LMY MEmA kML 4
WS A3 pHA 6.0~7.59 rhif~aatka] o]
gz Bhel A el ATl A A EEAES S (L] B
o} jEEETHA dold Ao AzE s AEYY Wi
5% =¥ + A4

5. TEAE#Y SR OE SRS

B &atelst @A 4AlsbA 4:4F BPMC
Bl carbofuran o —EMHA =}k ST BW % 2
4-f% pattern & Fig. 7¢] 2.4 ¢},

Fig. 7. Effects of organic matter contents on
degradation of BPMC and carbofuran in
test soils
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6. MIERE RES HigE

BPMC 3 carbofuran ] GBI E 0.1, 1.0, 10.0
ppm Al 7FA 2 she] —EWIRT A Sk et B % o
4+fE pattern & Fig. 8¢l 3.9 c}.
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Kb, B ¢ oAkt BPMC % Carbofuran ) 4 4bin

100

oo 01
~-a 10

i
.

|
0 20 40 60 20 4] 60
Days after anplication

Fig. 8. Effects of pesticide concentrations on
the degradation of BPMC and carbofuran
in test soils
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Fig. 9. Effects of sterilization on the degrad-
ation of BPMC and carbofuran in test
soils
AC; autoclaved, SA; sodium azide, CT; control
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7. S DRls TEREmel ME
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A& RMESS) 9 E e #iR e Fig. 98 3o

BPMC o} A=#355 ff P J0E SA JE I E -5 4 60
HELL, ISR el A 5010 24 A1 E - kel A 9
250 Bov} 288 B ) A Qch. carbofuran o 4]  BYEH -9

ol A RITE 60H LR 2 AR E1-sol 4 o) 30111
ok 20l bl k2 e}b. 3% pattern & BPMC = carbo-
furan 25 BEAEN RA glol S SR
2 delwrovt g BELMEANE St A9
Q] (ﬂ \,}_;{] O}OLE}-

Ueji 5992 L4 4#o] BPMC 2 /pfgdlctz )
4] o=, Greenhalgh $®, Venkateswarlu -, Will-
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3 BHLE 23 o Yok
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Fig. 10. Degradation curves of BPMC and
carbofuran in test soils under different
temperature
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