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A GLC procedure is described for the residual analysis of carbofuran and its

Summary

two metabolites,

3-hydroxy carbofuran and 3-keto carbofuran, from fortified soil samples with three different

extracting method------ acid-hydrolysing, blending with acetonitrile/water and with mixed solvent system
(methylene chloride/ methanol: 5/2).

All extracting samples were derivatized with 1-fluoro~2,4~dinitrobenzene and determined with
electron capture dector.

Summaries are as follows:

1. Gas chromatograms of those three chemicals showed fine resolution with high sensitivity.

2. The acid-hydrolysis method was recovered 59.6% for carbofuran, 40.0% for 3-keto carbofuran
and 51.4% for 3~hydroxy carbofuran.

3. Blending method with acetonitrile in different water contents of soil samples was appeared higher
recoveries(up to 70%) than the other two methods.

4. Blending method with mixed solvent system (methylene chloride/methanol: 5/2) showed the
lowest recoveries among three extracting methods::-:.- 53.4% for carbofuran, 42,0% for 3-keto
carbofuran and 11.4% for 3-hydroxy carbofuran.

5. Comparison of colimn efficiency of 3% OV-17 and 5% OV-7 was indicated much different values
for the recoveries of the same sample.

Introduction ways. Apparently almost of the analytical meth-
ods of carbofuran residues follow similar technique

Carbefuran (2, 3~dihydro-2, 2-dimethyl-7-ben-

zofuranyl methylcarbamate) is a wide spectrum
insectide-nematocide using wide varieties of crops
(Cox, 1966; Pass, 1966),
hoppers on rice plants. (IRRJ, 1972)

specially controlling

This chemical is easily decomposed to several
metabolites includinrg 3-hydroxy carbofuran (2, 3-
dihydroxy-2, 2-dimethyl-7-benzofurany! methy-
Icarbamate) and 3-keto carbofuran (2, 3-dihydro-
3-keto-2,

amate) in natural

2-dimethyl-7-benzofuranyl methylcarb-
condition. 1967;
1968; Metcalf et al., 1968)

The radintrace work of Stanovic (1967) also

(Stanovic,

demonstrated that the conjugated forms of the
carbamate residues could be completely released
to the aglycone forms. Therefore, the suitable an
~alytical methods for determination of carbofuran

residues were investigated with many different

based on the original of Cook et al. (1969) In
addition, it showed the acid-hydrolyzation of sample,
extraction of the aqueous phase with methylene
chloride and column clean-up to remove possible
interferences. Several approaches for the GLC
determination of methylcarbamate through the
derivatization of the liberated phenol or methylami-
ne caused hydrolytic cleavage.

They were included use of 2, 6-dinitro-4-triflu-
oromethyl phenyl (Crosby and Bower, 1968), 2,4
~dinitrophenyl (Holden et al., 1969), trichloro
acety! (Butler and McDonough, 1971; Wong et al.,
1975) and para-bromobenzoyl (Tilder and Van
Middelem, 1970) derivatization.

Also, a few workers introduced non-derivatiza-
tion methods with nitrogen-specific detectors (Cook
et al.,, 1969; Williams et al. 1973;and Maybury,
1973), but these showed low sensitivity.
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Above all things, many researches interested in
the extraction methods of carbofuran residues
from different types of samples, because of com-
mon solvent extractions for the carbofuran resid-
ues were not capable of removing the conjugated
residues. Except the acid hydrolvzing and methy-
lene chloride extraction, the soxhlet method with
mixed solvent system (chloroform/methanol: Wh
-celer et al., 1973), blending and shaking method
with acidic acetone (Cochrane, 1975), and shaking
methed with acid ammonium acctate (Care et al.,
1973).

Hence, this paper was c‘ompared with tke effi-
ciency of three different extraction methods such
as FMC method (1972), blending wiih water/
acetonitrile ard mixed selvent system (methylene
chloride/methanol:5/2) from fortified soil sample.

All extracts were derivatized with 1-fluoro-2,
4—dinitrobenzene and determined using ECD by

gas liquid chromatography.

Experimental section

All solvents were pesticide grade.

Analytical pure chemicals of carbofuran and its
two metabolites were supplied by FMC Co. (New
York, US.A))

Czs Chromatography: A Pye gas chromatograph,
mcdel 104 was used. A glass column, 3 ft. Iong
and 0,25 inch. 1.D., was packed with chromosorb
W (80/100 mesh) coated with 3%~0V 17.

1. Derivatization of carbofuran and its two
metabolites

1) Ethoxylation

Chemicals dissolved (.5ppm level in 15mi of
me:hylene chloride to a 100m!l of round bottom
flask. Add 25ml of absolute ethanol and coneent-
rated to 10ml. And 4 drops of concentrated HCI
and reflux attaching water condenser for one-half
hour. cooling to room temperature, transfer solu-
tion to a 250ml of seperatory funnel and add 100
ml of cold 0.25N HClL. Extract with three 30ml

of methylence chloride. Combine extracts into
another clean seperatory funnel and wash the
solvent portions twice with 50ml of 0. 1N NagH.
Dry extracts over anhydrous sodium su:lfate.

2) Derivatization

Filier extracts into a 250ml of round bottom
flask ard concentrated to 20m!, Add 10-i5ml of
buffer solution A* and 1.0ml of reactant solution
B**. Evaporate the solution with Snvder column
untill all solvent has been removed. Follow ano-
ther contineous heating for one-half hour. Cool to
room temperature and extract with 5ml portions
of isooctaneon mechanical shaker. Wash each
portion with distilled water to remove excess
reactant. Dry extract over anhydrous sodium sulf-
ate for GLC.

Another derivatization procedure was studied

as following:

Transfer the ethoxylated solvent to a 500m!
of round bottom flask and concentrate to 20Qml.
Add 100ml of water, 2ml of 0.5N KOH and 1.0
ml of reactant B. Shake vigorously in 20mins.
with stopper. Add 10m] of 5% borax and mix with
swirling, heat in steam bath for 20 mins. Cool to
room temperature, add 5ml of isooctane and shake
vigorouly for 3 mins. Transfer quantitatively to
a 500ml seperatory funnel. Discard aqueous layer
and wash isooctane portion with distilled water. Dry
isooctane portion over anhydrous sodium sulfate.

A*; Buffer, PHI1.0-- mix 8.2ml of (.1IN
NaOH and 100ml of 0.05M NaHPQ, Adjust the
volume to 200ml.

B**; React, dissolve 1gr. of 1-fluoro-2,
4-dinitrobenzeno to 100ml of acetone.

2. Experiments of extracting method with

fortified soil.
The soil sample was asilt loam contaning 0. 15%
water. Carbofuran and its two metabolites were
spiked at 0.5ppm level and mixed thoroughly for
18 hours with mixing machine.

1) Acid-hydrolysing method with (. 25N HCL.
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(FMC method)

Place a 20gr. of soil sample in a 5)0ml of round
bottom flask. Add 100ml of 0.25N HCI and refl-
ux for one hour. Filter hydrolysate through
three layers of glass wool into 500ml of Ehrlen
meyer flask. Rinse the flask and glass wool with
three 30ml portions of hot (.25N HCl. Combine
and cool in freezer (~15°C) for 1.5 to 2,0 hours.
Transfer to a 500ml of seperatory funnel and
rinse the flask with three 10ml portions of 0. 25N
HCl. Add 3ml of 4% aqueous lauryl sulfate and
extract with three 100ml portions of methylene
chloride. Dry extracts over anhydrous sodium sulf -
ate and transfer to Kuderna-Danish concent rater.e
Add few

to 15ml on steam bath.

drops of acetophenone and concentrat

2) Blending methods with acetonitrile/water and
mixed solvent (methylene chloride/methanol: 5/2)

Place 20gr. of soil sample into a 250m! Omni-
blending jar. Add 100ml of extracting solvent and
blend for 5mins. Rest for another 5 mins. and
reblend. Filter with suction. Repeat the two same
procedures with remains. Combine the filterates
and transfer a 500ml of seperatory funnel, and
extract with three 60ml portions of methylene
chloiide. Place the solvent layer into a 500ml of
round bottom flask and concentrate, (but mixed
solvent was suitable to concentrate before extra-
cting with methylene chloride.)

The ethoxylation and derivatization of sample
extracts by each extracting method are the same
as described.

Resnults and Discussion
The reaction of 1-Zivoro-2, 4~dinitrobenzene

al. (1966),

but impurities in reagents caused excessive inter-

with amines orizinated from Day ot

ference and resulis were not reproducible. Impro-
vement of mechodology was capable of deatection
for the low level of raethylcarbamates. Anyway,

it is difficulc to dirvect derivatization of 3~hydroxy

carbofuran with 1-fluoro-2, 4—dinitrobenzene, so
ethoxylation is needed to increase the sensitivity
of detections. Carbofuran and 3-keto carbofuran

derivatize directly with the same method.

H
Ol tel. Etoli OCH; CHs
abeol. EtoH
3 n CHs
CH, €
OCNHCH, entcH;

o o
3—bydroxy carbofuran 2—etkoxy-carholuran.

PH1| OButf OCH, CH1 ppNp OCH,CHy
—_—— —_—
o R oH > CHz
Ch3 e 3
OH 9
2 ethoxy~—2, I—ditwvdro— .
2, 2—dimethyl—7—1lydroxy berzofuran, NO»

NO,
2 4 --dinitropheryl
ethes derivative

(Fig. 1) Derivatizing steps of 3-hydroxy carbofuran

On the other hand, the derivatives of carbofuran
and its two metabolites were stable under GLC
conditiones employed ard standards showed no
decrease in peak heights when maintained at room
temperature during the course of a working day,
but the GLC response of derivatises were decrea—
sed after one week storage of working solution.

However, these three derivatized standard
chemicals were showed good resolution on GLC
and the

feast de:ectable amount (LDA) of these derivatized

chromatogram with 2% OV-17 column,

chemicals was 0. 08X 10~'%gr. in carbofuran, (.18
X 10~'2gr. in 3-keto carbofuran, and 0, 28X 10~%2
gr. in 3-hydroxy carbofuran, respectively.
Otherwise, it was carried out the derivation
with trifluoro acetic anhydride, has a merit of
onestep procedure without ethoxylation. But many
interfering peaks were appeared onGLC chromat-
ogram in case of using ECD, dissimilarly the
clear chromatogram with AFID in accordance
with the suggestion of po§siblity to that. (Gree—

nhalgh, 1975)
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(Fig. 2) Gas chromatograms of derivatized
carbofuran and its two metabolites.
glass column 3ft, packed with 3%
OV-17 on chromosorb W. (80/100mesh)
column temp.: 250°C, detector temp.:
300°C,carrier gas (nitrogen) flow
rate: 60mi/min., attenuation: 10X 10*

1.07X108¢ )

RESPONSE
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(Fig. 3) Gas chromatogram of derivatized carb
-ofuran with trifluoroacetic anhydride

using AFID. glass column : 3ft,
packed with 3% OV-17 on chromo~

sorb W. column temp.: 225°C,N,
flow rate : 60ml/min., attenuation:
2Xx10?

At the same time, derivatizing ratio with trifl-
uoroacetic anhydride in different reacting time

was studied by TLC, too.

0.67} o O
3 ,
ol _—
>
o 0.37¢ O O o ®
012} O o o o
o 5 30 60
(Min.)

(Fig. 4) TLC chromatograms of derivatized in
different reacting time.
developing solvent: acetone/hexane
(1/3) spot detection: lodine vapor
C*: non derivatized carbofuran

As shown in Fig. 4) the derivatized carbofuran
with trifluoro acetic anhydride started to be visi-
ble from 5 mins. after, and the derivatizing ratio
was increased in course of time finally almost of
the reaction process was finished ir one hour.

Also, on the occasion of 3-hydroxy carbofuran
the reaction with trifluoroacetic anhydride was
appeared as similar as carbofuran, although the
TLC chromatogram was not enough to find the
complete derivatization.

Now, it discusses to the efficiency of each ex-

tracting method from fortified soil sample.
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First of all, the acid-hydrolysis method as well

known to general look over.

(Table 1) . Recoveries of carbofuran and its two
metabolites from fortified soil samples
by acid-hydrolysis extracting method.
(0. 5ppm spiking level)

sample 1 sample 2 averages
carbofuran 59.8(%) 59.4(%) 59.6(%)
3-keto carbofuran 39.0 41.0 40.0
3-hydroxy
carbofuran 51.0 51.8 51.4

Even if it showed lower recoveries than the
previous works (Cook et al., 1969: Lee et al.,
1976), generally this result was not much diffe-
rences from those former studies.

Concerning the two blending methods, it has
mentioned about blending with acetonitrile in
different water contents firstly.

Soil samples for the only carbofuran were added
to 20%, 40%, 60% and 80% of water,

sample was determined by the method as the same

each

being described.

(Table 2) Recoveries of carbofuran from fortified
soil samples by blending method with
acetonitrile and water. (0. 5ppm spiking
level)

water contents (%) 20 40 60 80

recovery (%) 70.6 72.3 72.4 70.7

As shown in Table 2), the 40% and 60% of
water contents appeared nearly same recoveries
and they we:ze higher thaa that of 20% and 80%,
but all of them showed above 70% recoveries.
Judging from these results, 50% of water cont-
ents would be recommended for the determination
of carbofuran residues from soil.

The other metiod, blending with mixed solvent

system (meihyleae chloride/metanol: 5/2), sho-

wed the lowest recoveries among those three me-
thods, especially 3-hydroxy carbofuran was appe-
ared very low recoveries.
in this
method were compared with column effiency with
3% OV-17 and 5% OV-7.

The derivatizing samples of extracts

carlo,

3=0
carko.

RESPONSE
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(Fig. 5) Gas chromatograms of derivatized ca-
rbofurn and its two metabolites. glass
colum: 3ft, packed with 5% OV-7 on
chromosorb W.
columntemp.: 250°C, detector temp.:
300°C, N; {low rate: 60m!/min.
attenuation: 10X 10?

Each sample was 1,0X10~%gr., respec

tively.

Waching these results, 3% OV-17 column for
the carbofuran and 3-keto carbofuran. And yet
the selection of suitable column materials for car-

bofuran residues would be examined in the future.
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(Table 3) Comparison of column efficiency for
the residues c¢f carbofuran ard its
two metabolites from fortified soil
sample by blending with mixed sol-
vent system. (0.5ppm spiking level)
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Butler, L.I. and L.M. McDonough: J. Ass. Offic.

Offic. Anal. Chem. 54, 1937 (1971)

P. Freeman, D.E. Glotfelty, and

A.W. Taylor J. Ass. Offic. Anal

Chem. 56, 1973)

Cochrane, W.P.: Anlytical Service Section, Plant
Product Division, Canada Agriculture,
Private communication (1975)

Cook, R.F., R.p. Stanovick, and C.C. Cassil: J.
Agr. Food chem. 17, 277 (1969)

Cox, J.A.: J. Eco. Ento. 59, 1318 (1966)

Crosby, D.G. and J.B. Bowers: J.
Chem. 16, 839 (1968)

Day, E-W. Jr., J. Golab and J.R. Koons: Anal,
Chem. 38, 1053 (1966)

Greenhalgh, R.: Chemistry and Biology Research
Institute, Canada Agriculture, Private
suggestion (1975)

Holden, E.R., W.M. Jones, and M. Beroza: J.

Agr. Food Chem. 17, 56 (1969)

Lee, K.S.: Submitted to The Korean Agricalturaj

Chemical Society (1976)

Caro, J.H.,

Agr. Food

Acknowledgements
The anthor wish to thank Dr. R. Creerhalgh,
Chemistry & Biology Research Instituic, Carada

Agriculture, for his suggestion and assistance.

3-hydroxy
carbofuran carbofuran
3% OV-17 55.84(%)  43.33(%) 11.18(%)
column ) o4 40.06 10.89
Ave. 53.44 41.97 11.39
5% OV-7  69.18 63.64 8.72
column . 89 62.27 9.17
Ave. 66.03 62. 96 8.95
Referances

Maybury, R.B.: Analytical Service Section, Plant
Products Division, Canada Agriculture,
Private communication (1973)

Metcalf, R.L., Fukuto, C. Collins, K. Brock, S.

Abd. El-Aziz, R. Muroz, and C.C.
Cassil: J. Agr. Food Chem. 16, 300
(1968)

Pass, B.C.: J. Eco. Ento. 59, 1232 (1966)
Stanovick, R.P.: Niagara Chemical Division, FMC

Corp. Private Communication (1967;
1968)
Tilden, R.L. and C.H. Van Middelem: J. Agr.

Food Chem. 18. 154 (1970)
Wheeler, W.B., D.E.H. Frear, R.O. Mumma, R.H.

Hamilton, and R.C. Corner: J. Agr.
Food Chem. 15, 227 (1967)
Willams, I.H. and M.J. Brown: J. Agr. Food

Chem. 21, 399 (1973)

Wong, L. and F.M. Fisher: J. Agr. Food Chem.
23, 315 (1975)

IRRI: Annual Report of International Rice Rese-
arch Institute (1972)

— 87 —



	요약
	Summary
	Introduction
	Experimental section
	Results and Discussion
	Acknowledgements
	<References>



