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A procedure has been developed for the analysis of residues of benfuracarb and its me-
tabolites, carbofuran, 3-hydroxy-carbofuran (3—-OH-CF) and 3-keto-carbofuran (3—C=O-CF)
in eleven crops. The crops were homogenized after addition of silver nitrate solution (or milled
in a case of rice grain) and extracted with solvents. The extract was cleaned up by column
chromatography and subjected to gas chromatography (GC). The silver nitrate solution was
used to prevent the decomposition of benfuracarb by N-S bond cleavage during the homog-
enization and extraction. Of the four compounds benfuracarb and carbofuran were extracted
with methanol from the crops. The extract was concentrated, water was added and the ex-
tract was again extracted with dichloromethane. The extraction of 3~OH-CF and 3-C=0O-CF
were accomplished by the aid of hydrolysis of conjugated 3—-OH-CF and 3-C=O-CF by dip-
ping the homogenate in 0.25 N hydrochloric acid and refluxing, followed by the extraction
with dichloromethane. The extract containing benfuracarb and carbofuran or 3-OH-CF and
3-C=0O-CF was then subjected to a cleanup procedure using silica gel and Florisil column
chromatography. The concentrated eluate was analyzed by GC employing a quartz capillary
column. Recoveries from fortified samples were 75-1009, for benfuracarb, 73-100%, for
carbofuran, 76-999, for 3—-OH-CF and 76-999%, for 3—-C=O-CF at 0.05 and 0.5 ppm levels.
The overall detection limit was 0.005 ppm for all compounds.

In the previous paper* we have reported

INTRODUCTION

Benfuracarb (trade name: Oncol®, see Fig. 1
for its structure and chemical name) is a new
carbamate insecticide which has been marketed
by Otsuka Chemical Company. It is a new type
of sulfenylated derivative of carbofuran which
has outstanding insecticidal activity against a
number of economically important insects.?
The residues of the parent compound benfura-
carb, and its metabolite carbofuran, 3S—-OH-CF
and 3-C=O-CF (Fig. 1) have been reported in
cottons, bush beans and corn plants®® follow-
ing the treatment with benfuracarb.

the analytical procedure for the determination
of benfuracarb and carbofuran in soil and
water by employing high-performance liquid
chromatography (HPLC). HPLC wusing a
Zorbax ODS column was initially examined as
an analytical procedure for the determination
of crop residues of benfuracarb, carbofuran, and
also 3-OH-CF and 3-C=0O-CF. However,
extensive attempts to obtain the aimed sensi-
tivity of detection (0.005 ppm) for the four
compounds were unsuccessful. There are many
reports on the methods for the determination
of crop residues of carbofuran, 3—-OH-CF and
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\CH,CH,COCH;CHj furanyl N-[N-[2-
It (ethoxycarbonyl) -

ethyl] - N -isopropyl-
sulfenamoyl]-N-
methylcarbamate
(Benturacarb, BC)

H H, 2,3-Dihydro-2,2-di-
methyl - 7 - benzo-
furanyl N -methyl-
carbamate (Carbo-
furan, CF)

H H,0H 2,3-Dihydro-3-hy-
droxy-2,2-dimethyl-
7-benzofuranyl N-
methylcarbamate
(3-Hydroxy - carbo-
furan, 3-OH-CF)

H O 2,3-Dihydro-2,2-di-
methyl - 3 - oxo - 7-
benzofuranyl N-
methylcarbamate
(3-Keto-carbofuran,
3-C=0-CF)

Fig. 1 Structures, chemical names and abbrevi-
ations of four compounds.

3-C=0-CF wusing HPLC*” or GC,*'” which
also indicate that the sensitivity of detection
is relatively poor, being 0.02-0.5 ppm by
HPLC and 0.01-0.03 ppm by GC. In order to
obtain better separation and higher sensitivity
of detection, an alternative analytical procedure
was designed to use GC employing a quartz
capillary column equipped with a flame
thermionic detector.

This report is on a gas chromatographic anal-
ysis procedure developed for the determina-
tion of residues of benfuracarb, carbofuran, 3—
OH-CF and 3-C=O-CF with a detection limit
of 0.005 ppm in eleven crops, .e., the rice,
cucumber, green pepper, water melon, melon,
eggplant, Japanese radish (root, leaf), corn,
cabbage, spinach and orange.

MATERIALS AND METHODS

1. Reagent

All organic solvents and inorganic chemicals
were guaranteed reagent purchased from Wako
Pure Chemical Industries, Ltd. Florisil (100-
200 mesh) and silica gel (Wako gel C-200) were
also purchased from Wako Pure Chemical
Industries, Ltd., and aluminum oxide (Neutral
W200 for column chromatography) from ICN
Pharmaceutical GmbH Co. Analytical grade
benfuracarb, carbofuran, 3-OH-CF and 3-C=
O-CF were available from previous studies.>*
Stock standard solutions of benfuracarb, carbo-
furan, 3-OH-CF and 3-C=O-CF were pre-
pared in benzene at necessary concentrations.
Phosphate buffer (pH 8.0) was prepared by
mixing 5.3 ml of 0.2M sodium phosphate
monobasic and 94.7 ml of 0.2 M sodium phos-
phate dibasic to bring the final volume of 200
ml with distilled water.

2. Apparatus

A gas chromatograph (Model 7-AG, Shima-
dzu) equipped with a solventless sample in-
jector and a flame thermionic detector (FTD-
8) was used for quantitation. A 25-m flexible
quartz capillary column (0.2 mm inner diame-
ter) coated with OV-101 was used for the
separation. The inlet and detector tempera-
tures were both 300°C. The operating tempera-
tures of a column oven were 265°C for ben-
furacarb, 180°C for carbofuran, 195°C for 3-
OH-CF and 3-C=O-CF. Helium was used as
carrier and makeup gases with a flow rate of
1.5 and 40 ml/min, respectively. The detector
gases were air with a 150 ml/min flow rate and
hydrogen with a flow rate of 4 ml/min. The
injection sample size was 8 ul.

Other apparatuses were a rotary evaporator
(Model N-1, Tokyo Rika Kikai), a shaker
(Model SR-2, Taiyo Kagaku), a speed cutter
(Model MK-101, Matsushita Electric) and a
coffee mill (Model LHF/7, Shibata Scientific
Technology).

3. Crop Samples and Fortification

Twelve different crop samples (11 crops) each
from two different locations in Japan (Table 3)
were used for the recovery study. In a case of
the Japanese radish, two portions 7.e., the
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root and leaf, were used separately. To fortify
each crop, except for the rice grain, at different
concentrations, 0.5 ml acetonitrile solution
containing different amounts of benfuracarb,
carbofuran, 3-OH-CF or 3-C=O-CF were
poured into the sliced crops in a speed cutter
and the crop was subjected to homogenization
and extraction. In a case of the rice grain, 0.5
ml of acetonitrile solution containing different
amounts of each compound was added to the
milled grain sample.

4. Extraction and Cleanup Procedure of Ben-
Juracarb and Carbofuran
4.1 Extraction

Each crop sample, except for the rice grain
(50 g in fresh weight), 2 ml of 0.1 N silver
nitrate (AgNOs) solution and 25 ml of phos-
phate buffer solution (pH 8.0) were taken into
a speed cutter and homogenized. The rice
grain (50 g) was milled with a coffee mill and
sieved through a 42 mesh screen. Each homog-
enized or milled sample was placed in a 300-
ml Erlenmeyer flask, and 150 ml of methanol
(or acetonitrile in a case of the rice grain) was
added. The flask was stoppered and shaken
for 10 min using a shaker. The AgNOs solution
was used to prevent the cleavage of the N-S
bond in benfuracarb during the homogeniza-
tion and extraction. The mixture was filtered
by suction through a 25G-4 glass filter. The
residue was washed with an additional 50 ml of
methanol (or acetonitrile). The extract and
washing were combined and an additional 2 ml
of AgNOQO:s solution was added to the mixture.
The mixture was then concentrated to about
10-20 ml on a vacuum rotary evaporator at a
water-bath temperature below 35°C. All con-
centrations were carried out in the same man-
ner.

The concentrated solution was then trans-
ferred to a 300-ml separatory funnel with the
aid of 150 ml of distilled water, and then 20 g
of potassium chloride and 50 ml of dichloro-
methane were added to the funnel. The funnel
was shaken for 5 min and allowed to stand for
Smin in order to separate the mixture into
two phases. The lower phase (dichloromethane)
was separated and the residual aqueous phase
was extracted again with 50 ml of dichloro-
methane. The dichloromethane extracts were

combined, concentrated by rotary evaporator
to dryness, and the residue was dissolved in 20
ml of carbon tetrachloride.

4.2 Farst column cleanup

Five grams of Florisil was transferred to a
15300 mm chromatographic column fitted
with a sintered glass disc and containing 15 ml
of carbon tetrachloride. The column was
gently shaken until the Florisil settled and all
air bubbles were dispelled. The inner wall of
the column was rinsed with 2-3 ml of carbon
tetrachloride and the solvent was drained from
the column until the solvent surface reached
the top of the Florisil bed.

The crop extract (carbon tetrachloride solu-
tion) was added and rinsed with 2 ml of carbon
tetrachloride and 35ml of #n-hexane-ethyl
acetate (9:1, v/v). Benfuracarb was eluted
with 45 ml of #-hexane—-ethyl acetate (9:1) at
a flow rate of 1.5 ml/min. The same flow rate
was kept through all cleanup processes after
the elution of the column by the solvent. The
column was then rinsed with 10 ml of #-hexane—
ethyl acetate (4: 1) and carbofuran was eluted
with 30 ml of n-hexane-ethyl acetate (4:1).
Both eluates were combined and concentrated
to dryness, and the residue was dissolved in 10
ml of carbon tetrachloride.

4.3  Second column cleanup

A silica gel column was prepared using a 15 X
300 mm chromatographic column and 7g of
silica gel by the same method as the Florisil
column. The eluate from the Florisil column
(carbon tetrachloride solution) was added and
rinsed with 2 ml of carbon tetrachloride and 30
ml of n-hexane—ethyl acetate (17: 3). Benfura-
carb was eluted with 30 ml of n-hexane—ethyl
acetate (17:3). The column was then rinsed
with 10 ml of #-hexane-ethyl acetate (7: 3) and
carbofuran was eluted with 25 ml of #-hexane—
ethyl acetate (7:3). DBoth eluates were con-
centrated and the residues were dissolved in
2.5 ml of benzene for GC-analysis.

5. Extraction and Cleanup Procedure of 3-OH—
CF and 3-C=0-CF
5.1 Extraction
The homogenized or milled samples (50 g
each) of each crop prepared as described in
Section 4./ was taken into a 1-/ round bottom
flask, and 400 ml of 0.25 N hydrochloric acid
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was added. The mixture was refluxed for 2 hr
on a mantle heater with stirring and filtered
through glass wool into a 1-/ Buchner flask.
The residue was washed with an additional 100
ml of hot 0.25 N hydrochloric acid. The ex-
tracts and washings were combined and cooled
in an ice bath. The cooled extract was trans-
ferred to a 1-/ separatory funnel, and 5 ml of
49, sodium dodecylsulfate solution and 200 ml
of dichloromethane were added. The mixture
was shaken for 15 min and allowed to stand
for 10 min in order to separate the mixture into
two phases. The lower phase (dichloromethane)
was separated and the residual aqueous phase
was extracted twice with another 200 ml each
of dichloromethane by following the same
procedure. The dichloromethane extracts were
combined and dried over 30 g of anhydrous
sodium sulfate and filtered through a 25G-4
glass filter into a 1-/ round bottom flask. The
filtrate was evaporated to dryness at 35°C and
the residue was dissolved in 20 ml of dichloro-
methane—carbon tetrachloride (1: 1).
5.2 Furst column cleanup

A Florisil column was prepared using a 15X
300 mm chromatographic column and 10 g of
Florisil in the same manner as described. The
crop extract was added and rinsed with 40 ml
of m-hexane-ethyl acetate (7:3). 3-C=O-CF
was eluted with 50ml of #n-hexane-ethyl
acetate (7:3). The column was then rinsed
with 10 ml of n-hexane—ethyl acetate (6:4)
and 3-OH-CF was eluted with 70 ml of #-
hexane—ethyl acetate (6: 4). Both eluates were
combined and concentrated to dryness, and
the residue was dissolved in 10 ml of dichloro-
methane-carbon tetrachloride (1: 1).
5.3 Second column cleanup

A silica gel column was prepared using a
15 % 300 mm chromatographic column and 10 g
of silica gel in the same manner as described.
The eluate from a Florisil column (dichloro-
methane-carbon tetrachloride solution) was
added and rinsed with 30 ml of n-hexane—ethyl
acetate (7:3). 3-C=O-CF was eluted with 60
ml of n-hexane-ethyl acetate (7:3). The
column was then rinsed with 30 ml of #-hexane-
ethyl acetate (6:4) and 3—OH-CF was eluted
with 60 ml of n-hexane-ethyl acetate (6:4).
Both eluates were concentrated and the residues
were dissolved in 2.5 ml of benzene to be sub-

jected to GC analysis.

6. Gas Chromatographic Analysis

Residues were quantitated with gas chro-
matography equipped with an FTD detector
by comparing the peak height of response in a
sample to the peak height of response in an
external standard of benfuracarb, carbofuran,
3-OH-CF or 3-C=O-CF. Detector linearity was
checked daily for each compound.

7. Calibration and Calculation

Before an unknown sample was analyzed,
the linearity of the detection system was
established for the amount of benfuracarb,
carbofuran, 3-OH-CF or 3-C=O-CF ranging
from 1.6 to 8 ng. The amount of each com-
pound was obtained from each calibration
curve.

The amount of each compound in different
crop samples was calculated from the following
formula:

Compound (ppm)=CXxX V|G
where C=concentration (xg/ml) of benfura-
carb, carbofuran, 3-OH-CF or 3-C=0O-CF ob-
tained from the calibration curve, V =final
sample volume (ml) and G =sample weight (g)
of the crop.

RESULTS AND DISCUSSION

1. Extraction and Cleanup Procedure
1.1 Addition of silver nitrate solution

Our previous studies on soil residue analy-
sis® indicated that the N-S bond in benfura-
carb was susceptible to thiolytic cleavage when
the sulfur atom was attacked by sulfhydryl-
containing agents, and that the addition of
silver nitrate (AgNOs) solution was necessary
to prevent the cleavage of the N-S bond during
the extraction procedure of soil samples. The
current studies also indicated that without the
addition of sulfhydryl inhibitor the recovery of
benfuracarb fortified at a level of 0.05 ppm was
only 189, (Japanese radish), 69, (orange) and
339, (cabbage).

Therefore, the AgNOs solution was used to
prevent the decomposition of benfuracarb
during the homogenization and concentration.
Table 1 summarizes the data on the effect of
different amount of 0.1 N AgNOs solution on
the recovery of benfuracarb from six repre-
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Table 1

Effects of different volume of 0.1 N silver nitrate (AgNOs) solution on the recovery of

benfuracarb from the Japanese radish, green pepper, orange, cabbage, corn and rice grain.®>

Volume (ml) of AgNO; solution added

Crop
At homogenization

- % recovery
At concentration

Cabbage

Japanese radish

Green pepper

Orange

Corn
Rice grain

COC O NONOUUONONO

44, 23
88, 92
26, 9
18, 32
20, 26
54, 61
84, 81
63, 58
92, 88
3,8
13,1
5, 10
88, 94
90, 88

CO UUNONOUDODUNONO

2) Fortified level: 0.05 ppm.

Table 2 Effects of pH of homogenate on the recovery of benfuracarh from the orange.??

Volume (ml) of AgNO; solution added

Reagent for pH pH of o/ recover

; y

adjustment homogenate At homogenization At concentration °

None 3.7 0 0 3,8

None 3.7 2 2 13, 1

109%, NaOH 8.5 0 0 27, 29

109, NaOH 8.5 2 2 51, 53

109% NaOH 6.8 2 2 76, 86

Buffer — 2 2 92, 99
(pH 8.0)

2) Fortified level: 0.05 ppm.

sentative crops. The recovery of benfuracarb
was satisfactory in the green pepper and cab-
bage when 2 ml of 0.1 N AgNOs solution was
added before homogenization and concentra-
tion, while in a case of the corn and rice grain,
the recovery was good without the addition of
AgNO; solution. In general, 2 ml each of
AgNOs solution was added before homogeniza-
tion and concentration to all crops except for
the Japanese radish, which required of 5 ml
each of AgNO:s solution. In a case of the orange,
the recovery was very poor even 5 ml of
AgNO:s solution was added.

1.2 Addition of pH 8.0 buffer

The recovery of benfuracarb from the orange
fortified at a level of 0.05 ppm was still very
poor (less than 13%) even after addition of the
AgNOs solution. Such poor recovery was
presumed to be caused by the lower pH in the
orange homogenate. Therefore, 10% sodium
hydroxide solution or phosphate buffer (pH
8.0) was added when the orange was homoge-
nized. As expected, the recovery significantly
increased, as seen in Table 2. The recovery was
most stable and satisfactory when 25 ml of
phosphate buffer (pH 8.0) along with 2 ml each
of AgNOs solution was added during the homog-
enization and concentration. Therefore, for
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the residue analysis of the orange 25 ml of phos-
phate buffer (pH 8.0) is necessary in addition
to the general extraction procedure described
in “Materials and Methods,” Section 4.1.
1.3 Cleanup

Combination of the Florisil and the silica gel
column chromatography was necessary to
remove coextractives which showed large peaks
on the gas chromatograms and prevented
quantitation of benfuracarb and carbofuran or
3-OH-CF and 3-C=O-CF. The concentrated
crop extracts to be subjected to the Florisil
column chromatography were dissolved in
carbon tetrachloride (for the analysis of ben-
furacarb and carbofuran) or in a dichloro-
metane—carbon tetrachloride (1: 1) mixture (for
the analysis of 3-OH-CF and 3-C=O-CF), be-
cause of good solubility of these compounds in

the solvent or the solvent mixture.

The quantitation of benfuracarb in the egg-
plant, spinach, Japanese radish and rice grain
among the eleven crops tested required an ad-
ditional or alternative cleanup procedure. In
a case of the Florisil column chromatography
of the extract from the eggplant, 10g of
Florisil, instead of 5 g, was needed to separate
benfuracarb from interferences, as confirmed
by comparative gas chromatograms shown in
Fig. 2-a. For the silica gel column chromatog-
raphy of the extracts from the spinach and
Japanese radish, 2 g of aluminum oxide con-
taining 0.59%, of AgNOs on top of the silica gel
(7 g) layer was useful in separating benfuracarb
from interferences. Comparative chromato-
grams of the spinach were shown in Fig. 2-b.
In a case of the rice grain, coextractives in the

a-1 b-1 c-1
(&)
w
[
o
7y Benfuracarb
Q
f l Benfuracarb Benfuracarb
—
(&S]
[«P]
2 \\‘A\J\v.a
2 n |
a-2 b-2 c-2
[eb}
w
j g
S
(@}
S
o Benfuracarb
- Benfuracarb Benfuracarb
S 1 l
=
(&)
: l
+J
r T 1 I T 1 I~ T —
0 5 10 0 5 10 0 ) 10
Time (min) Time (min) Time (min)

Fig. 2 Comparative gas chromatograms of the extract from unfortified samples of the
eggplant (a), spinach (b) and rice grain (c) before and after alternative or additional cleanup

for benfuracarb quantitation.

Arrows indicate the retention time of benfuracarb.

(a-1) cleanup with 5 g of Florisil, (a-2)

cleanup with 10 g of Florisil, (b-1) cleanup with silica gel only, (b-2) cleanup with silica gel and
aluminum oxide containing 0.59, AgNOs, (c-1) acetonitrile extraction only, (c-2) acetonitrile
extraction followed by partitioning between n-hexane and acetonitrile.
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acetonitrile extract were removed by partition-
ing between acetonitrile and #n-hexane. The
partitioning procedure: n-hexane (50 ml) was
added to the combined mixture of the aceto-
nitrile extract and washings (200 ml). The
mixture was shaken for 1 min and the aceto-
nitrile phase was taken to be subjected to the
next procedure. Comparative gas chromato-
grams of the rice grain were shown in Fig. 2-c.
1.4 Extraction and cleanup procedure of 3-OH-
CF and 3-C=0-CF

The described procedure for the extraction
and cleanup of 3-OH-CF and 3-C=O-CF
based on the published informations®!*’ can
provide a sample pure enough to be analyzed
quantitatively by GC employing a quartz
capillary column.

In the extraction procedure of the refluxed

sample of homogenized crops, an addition of
5 ml of 49, sodium dodecylsulfate solution into
a separatory funnel with an extraction solvent
(dichloromethane) was effective to separate the
mixture into two phases. An addition of 20 g
of potassium chloride, which was also ex-
amined, did not produce satisfactory results.
1.5 Concentration

As mentioned previously, the crop extract
should be concentrated at a water-bath temper-
ature below 35°C. The results indicated that
benfuracarb significantly decomposed during
the concentration procedure at a water-bath
temperature of over 55°C.

2. GC Operational Conditions
For the gas chromatographic residue analysis
of benfuracarb, carbofuran, 3-OH-CF and 3-

Table 3 Recovery of benfuracarb, carbofuran, 3-OH-CF and 3-C=O-CF from different crop

samples.

Recovery (%)*? at different fortification level (ppm)

Location

Crop sample Benfuracarb Carbofuran 3-OH-CF 3-C=0O-CF
(prefecture)

0.05 0.5 0.05 0.5 0.05 0.5 0.05 0.5
Rice Shizuoka 90 90 84 98 76 98
(grain) Yamagata 97 100 100 98 82 82
Cucumber Nagano 86 87 86 84 91 88
(fruit) Kagoshima 88 94 97 85 89 95
Green pepper Wakayama, 88 88 96 99 98 93 87 81
(fruit) Ibaraki 94 96 92 92 85 87 86 79
Water melon Nagano 98 90 96 99 92 87
(fruit) Ibaraki 94 98 97 99 97 77
Melon Shizuoka 98 86 88 84 98 83
(fruit) Kumamoto 96 98 85 92 98 85
Eggplant Kochi 92 96 92 93 87 94 86 81
(fruit) Kagoshima 93 99 98 92 96 99 93 82
Japanese radish Nagano 93 90 91 100 86 86 85 86
(root) Ibaraki 75 82 74 80 92 88 76 82
Japanese radish Nagano 81 89 97 95 86 96 99 90
(leaf) Ibaraki 81 92 95 88 86 99 95 94
Corn Yamanashi 91 78 73 79 79 81
(grain) Iwate 82 80 79 77 83 90
Cabbage Wakayama 91 93 95 80 78 91
(leaf) Nara 85 96 98 97 89 86
Orange Wakayama 89 98 98 94 85 85
(fruit) Shizuoka 96 96 98 98 94 82
Spinach Aichi 92 80 92 82 90 92
(leaf) Tokushima 94 83 85 85 96 95

2)  Means of duplicate determinations.
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C=O-CF using an FTD detector, a variety of
glass columns (3 m in length) packed with
materials such as OV-101, OV-105 and OV-
210, and a quarts capillary column (25 m)
coated with OV-101 were tested. The results
indicated that the best peak shape, separation
and response could be achieved by using the
quartz capillary column. The combination of
the gas chromatograph employing the quartz
capillary column and the mentioned extraction
procedure could enhance the sensitivity of
detection up to a 0.005 ppm level for all four
compounds. Under the conditions described,
the retention times of benfuracarb, carbofuran,
3-OH-CF and 3-C=O-CF were 6.0, 4.6, 5.8
and 4.8 min, respectively. Equivalent per-
formance with other gas chromatograph units

using the same column could be obtained with
minor changes in the gas chromatographic con-
ditions.

Gas chromatography using a packed glass
column showed relatively broader peak shapes
for all four compounds. However, the packed
OV-101 column was also useful for the residue
analysis of the four compounds with the same
detection limit (0.005 ppm).

3. Recovery and Detection Limat

Recovery values of 12 different crop samples
(11 crops) each collected from two different
locations and fortified with benfuracarb, carbo-
furan, 3-OH-CF or 3—-C=0O-CF are presented in
Table 3. Crop types, locations and spiking
levels produced no significant difference in

a
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E Benfuracarb Carbofuran 3-OH-CF 3-C=0-CF
: 1 | | |
[¢5]
o
= \__ L1 ,LUJ\._\,

b

Carbofuran
3-0H-CF 3-C=0-CF
A
@ Benfuracarb 1
o
: |
w
(5]
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L LJ_L
o
=
(&)
[«5}
g o U
g2 S U
! 1 1 { T —1 T T 1 T T 1
0 5 10 O 5 10 O 5 10 O 5 10
Time (min) Time (min) Time (min) Time (min)

Fig. 3 Typical chromatograms for the analysis of benfuracarb, carbofuran, 3—-OH-CF and

3—C=0O-CF in the eggplant by GC.

(a) eggplant blank, (b) eggplant-+-0.05 ppm of each compound.
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recovery: 75-1009, with benfuracarb, 73-100%,
with carbofuran, 76-99%, with 3-OH-CF and
76-999%, with 3-C=O-CF. There were no
troublesome interferences in any of the sam-
ples.

Representative chromatograms of crop ex-
tracts unfortified or fortified with benfuracarb,
carbofuran, 3-OH-CF or 3—C=0O-CF are shown
in Fig. 3 using the eggplant as an example.

The limit of detection (quantitation of a
single three times the noise level) was deter-
mined to be 0.005 ppm for all four compounds.
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(CHITIEENINE
ISNKIEF, K, R ¥, mEkEET
Hrh 3, HeEEE
XY TSHIATEBIVFOTERBITHE I ALET
Sy, 3~ Fexv-pLi7Fv (3-OH-CF), 3-7
F-# KT 5y (3-C=0-CF) L5 ik 11 ofF
WIe oW LTz, VI FALTEBICHILET
ViE, fEMRERS A & 7 — L CHIHIL 7228, Z OE
TOXV T ZHNT DR EHILT 520 ERE LT
TSEESRAKIAME 2 N L 7=. 3-OH-CF % X Of 3-C=0-CF
WA R E K #5728 0.25 N IR TR IR L
THIH L7z, Zh P oMz, Y7 rr X X VICER
BRIV IFABIR TR YT AT AR T T
4= XDBRL, AEF LT U - FAEHAVS
FID-# 27 r= bt /57 4 - X W EELZ. THhE
ho{b&oEINEX, v 7 35 H17 75~100%,
BALET SV 73~100%, 3-OH-CF 76~99%, 3-C=O-
CF76~99% Td b, iR FixLebas b 0.00
ppm TH - fo.
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