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   A  procedure  has  been developcd for the analysis  of  residues  of  bcnfuracarb  and  its me-

tabolites, carbofuran,  3-hydroxy-carbofuran  (3-OH-CF) and  3-keto-carbefuran (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  extractcd  with  solvents.  The  extract  wus  cleaned  up  by  column

chrornatography  and  subjccted  to gas chromatography  (GC), The  si]ver  nitrate  solution  was

used  to prevent the  decompo$itien  of benfuracarb  by  N-S  bond  cleavage  during  the  homog-

enization  and  extraction.  Of  the four  compounds  benfuracarb  and  carbofuran  were  extracted

with  methanol  irom  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-CiO-CF
were  accoinplished  by  the  aid  of  hydrolysis  oi  conjugatcd  3-OH-CF  and  3-CiO-CF  by  dip-

ping  the homogenate  in O.25 N  hydrochloric  acid  and  refiuxing.  iollowed by  thc cxtraction

with  dichloromethane,  The  cxtract  containing  ben ±uracarb  and  carbofuran  or  S-OH-CF  and

3-C=O-CF  was  thcn  subjectecl  to a  cleanup  procedure  using  silica gel and  Florisil column

chromatography.  The  concentrated  cluatc  was  analyzed  by  GC  employing  a  quartz  capillary

column,  Recoveries  from  fortified samples  werc  75-100%  for benfuracarb, 73-100"/･6 for
carbofuran,  76-99[Y. for 3-OH-CF  and  76-99?,'. for 3-C=O-CF  at  O.05 and  O.5ppm  levels.
The  oveTall  detection lirnit was  O,O05 ppm  for all  compounds,

            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  sulfeny]ated  derivative of  carbefuran  which

has outstanding  insecticidal activity  against  a

number  of  economicaliy  important insects.i)
The  residucs  of  the parent  compound  benfura-
carb,  and  its metabolite  carbofuran,  3-OH-CF

and  3-C=O-CF  (Fig. 1) have  been  reported  in
cottons,  bush beans and  corn  plants2'") follow-
ing the treatment  with  benfuracarb.

  In the previous paper`) we  have  reported

the analytical  procedure for the  determinatien
of  benfuracarb  and  carbofuran  in soil  and

water  by  employing  high-performance  liquid
chromatography  (HPLC). HPLC  using  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=O-CF.  However,

extensive  attempts  to obtain  the  aimed  sensi-

tivity of detection (O.O05ppm) for the four
compounds  were  unsuccessful.  Thcre are  many

reports  on  the methods  for the determination

of  crop  residues  of  carboiuran,  3-OH･-CF  and
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   2,3-Dihydro-3-hy-
   droxy-2,2-dimethyl-
   7-bcnzofuranyl N-
   rnethvlcarbamate

   (3-Hydroxy-carbo-
   furan, 3-OH-CF)

 O  2,3-Dihydro-2,2-di-

   methyl-3-oxo-7-

   benzofuranvl  N-
   methylcarbarnate

   (3-Keto-carbofuran,
   3mC=OTCF)

Fig.1  Structures, chemical

ations  of  four compounds.narnes

 and  abbrevi-

3-C[O-CF  using  HPLC5'7'  er  GC,S'ii} which

also  indicate that the sensitivity  of  detection

is relative!y  poor, being O.02-O.5ppm  by
HPLC  and  e.Ol-O.03 ppm  by  GC. In ordcr  to

obtain  better separation  and  higher sensitivity

of  dete¢ tion, 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  O,OO5 ppm  in eleven  crops,  ie., the rice,

cucumber,  green pepper, water  melon,  melon,

eggplant,  Japanese radish  (root, leaf), corn,

cabbage,  spinacli  and  orange.

rg 4 -".-  ng 1in 62 lg 11 n

       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
VL'200 for column  chromatography)  from ICN

Pharmaceutical Gmbl'I  Co, Analytical grade
benfuracarb,  carbofuran,  3-OH--CF  and  3-C=

O-CF  were  available  from  previous studies.2'`)

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  5,3ml  of  O,2M  sodium  phesphate
monobasic  and  94.7 ml  of  O.2 M  sodium  phos-

phate dibasic to bring the  final vo!ume  of  200

ml  with  distilled water.

2. APParatus

  A  gas chromatograph  (Model 7-AG,  Shima-

dzu> equipped  with  a  solventless  sample  in-

iector and  a  flame therrnionic detector (FTD-
8) "Tas  used  for quantitation, A  25-m  flexible

quartz capillary  column  (O,2 mm  inner diame-

ter) coated  with  OV-101  was  used  for the

separation.  The  inlet and  detector tempera-
tures were  both 3000C. The  operating  tempera-

tures of  a  column  oven  were  2650C for ben-
furacarb, 1800C  for carbofuran,  1950C for 3-

OH-CF  and  3-C=O-CF.  Helium  was  used  as

carrier  and  makeup  gases with  a  fiow rate  of

1.5 and  40 ml!min,  respectively,  The  detector

gases were  air  with  a  150 mllmin  flow rate  and

hydrogen with  a  flow rate  of  4mllmin.  The

injection sample  size  was  8 pa1,

  Other apparatuses  were  a  rotary  evaporator

(Model N-l, 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. C･roP SamPles  ana  Fortt[ficatio･n

  Twelve  different crop  samples  (1 1 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 i.e,, the
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root  and  leaf, were  used  separately.  To  fortify
each  crop,  except  for tlie rice  grain, at  different
concentrations,  O,5ml  acetonitrile  solution

containing  different amounts  of  benfuracarb,
carbofuran,  3-OH-CF  er  3-C=O-CF  were

poured into the sliced  crops  in a  speed  cutter

and  the crop  was  subjected  te homogenization
and  extraction,  In a  case  ef  the rice  grain, O,5
ml  of  acetonitrile  selution  containing  different
amounts  of  each  compound  was  added  to the
mined  grain sample,

4, Extraction and  Crleanmp Procedure qf Ben-

   fatracarb and  Carbofzaran
4,1 Extractilon

  Each  crop  sample,  except  for the rice  grain
(50g in fresh weight),  2ml  of  O.1N  silver

nitrate  (AgN03) solution  and  25ml  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  scrcen,  Each  homog-
enized  or  inilled sample  was  placed in a  SOe-
ml  Erlenmeyer  fiask, aiid 150 ml  of  methanol

(or acetonitrile  in a  case  of  the rice  grain) was
added.  The  fiask was  stoppered  and  shaken

for 10 min  using  a  shaker.  The  AgN03  solution

was  used  to prevent the cleavage  oi  tlie N-S
bond  in benfuracarb during the homogeniza-
tion and  extraction.  The  mixture  was  filtered
by  suction  threugh  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  AgN03  solution  was  added  to the mixture.

The  mixture  was  then  concentrated  to about

10-20ml  on  a  vacuum  rotary  evaporater  at  a

water-bath  temperature  below 350C. 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
ol  potassium chloride  and  50 rn1  of  dichloro-

methane  xNrere  added  to the funnel. The  funnel

was  shaken  for 5 min  and  allowed  to stand  for
5min  in order  to separate  the mixture  into

two phases, Thc  lower phase (dichloromethane)
was  separated  and  the residual  aqueous  phase
was  extracted  again  with  50ml  of  dichloro-
methane.  The  dicliloromethane  extracts  were

combined,  concentrated  by  rotary  cvaporator

to dryness, and  the residue  was  dissolved in 20
ml  of  carbon  tetrachloride.
4.2 First column  oleantip

  Five grams  of  Florisil was  transferred to  a

15 × 300mm  chromatographic  column  fitted
with  a  sintered  glass disc and  containing  15 ml

ef  carbon  tetrachloride. The  column  was

gently shaken  until  the FIorisil 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 n-hexane-ethyl  acetate  (9:1) at

a  flow  rate  of  1,5 mlimin.  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  lO ml  of  n-hexane-

ethyl  acetate  (4: 1) and  carbofuran  was  e]uted

with  30ml  of  n-hexane-ethyl  acetate  (4: 1).
Both  eluates  were  cembined  and  concentrated

to dryness, and  the residue  was  dissolved in 10
ml  of  carbon  tetrachloride.
4.3 Second column  cleantop

  A  silica  gel column  was  prepared using  a  15 ×
300  mm  chromatographic  column  and  7g  of

si]ica  gel by  the same  method  as  the Florisil
column.  The  eluate  from the Florisil column

(carbon tetrachloride solutien)  was  added  and

rinsed  with  2 ml  of  carbon  tetrachloride and  30
ml  of  n-hexane-ethyl  acetate  (l7: 3). Benfura-
carb  was  eluted  with  30 ml  of  n-hexane-ethyl

acetate  (17:3). The  column  was  then  rinsed

with  1O ml  of  n-hexane-ethyl  acetate  (7: 3) and
carbofuran  was  eluted  with  25 ml  of  n-hexane-

ethyl  acetate  (7: 3). Both  eluates  were  con-

centrated  and  the residues  were  dissolved in
2.5 ml  of  benzene for GC-analysis.

5. Extraction and  Cleanmp  Procedure  of 3-OH-
   CF  and  3-C=O-CF
5,J Extraction

  The  homogenized  or  milled  samples  (50g
each)  of  eaeh  crop  prepared  as  described in
Section 4.1 was  taken into a 1-l round  bottom
flask, and  4eO ml  of  O.25 N  hydrochloric acid
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was  added.  The  mixture  was  refiuxed  for 2 hr
on  a  mantle  heatcr with  stirring  and  filtered
through  glass wool  into a  1-l Buchner  fiask.

The  residue  was  washed  with an  additional  100

ml  of  hot  O.25N  hydrochloric  acid.  The  ex-

tracts and  washings  were  combined  and  cooled

in an  ice bath. The  cooled  extract  was  trans-

fcrred to a  1-l separatory  funnel, and  5ml  of

4%  sodium  dodccylsulfate solution  and  200  ml

of  dichloromethane were  added.  The  mixture

"Tas  shaken  for 15min  and  allowed  to stand

for 1O 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  30g  Qf  anhydrous

sodium  sulfate  and  filtered through  a  25G-4

glass filter into a  1-l round  bettom  flask. The

filtrate was  evaporated  to dryness at  35"C and

the residue  was  dissolved in 20 ml  of  dichloro-

methane-carbon  tetrachloride  (1:l).
5.2 JTirst columft  cleanmp

  A  FIorisil column  was  prepared  using  a  15×

3eO  mm  chromatographic  column  and  10g  of

Florisil in the same  manner  as  described. Ttie

crop  extract  was  added  and  rinsed  with  
tlO

 ml

of  n-hexane-ethyl  acetate  (7:3). 3-C=O-CF

was  elutecl  with  50ml  of n-hexane-ethyl

acetate  (7:3). The  column  was  thcn  rinsed

with  10ml  of  n-hexane-ethyl  acetate  (6:4)
and  3-OH-CF  was  eluted  with  70 ml  of  n-

hexane-ethyl acetate  (6:4). Both  eluates  were

combined  and  concentrated  to dr}mess, and

the residue  was  dissolved in !O rn1  of  dichloro-
methane-carbon  tetrachloride (1:1).
5.3 Secona colttmn  cleanmp

  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 rn1  ef  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  n-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-

M4e  ngfi 62 1P  ll fi

jected to GC  analysis.

6. Gas Chyomatogrmphic Analyst's

  Residues  were  quantitated with  gas  chro-

matography  equippcd  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

checkcd  daily for each  compound.

7, Calibration and  Calculatio7t

  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 8ng.  The  amount  of  each  com-

pound  was  obtained  from  each  calibration

curve.

  The  amount  of  eacli  compound  in different
crop  samplcs  was  calculated  from  the following

formula:

        Compound  (ppm) ===  C  ×  VIG
where  C=cencentration (psglml) of  benfura-

carb,  carbofuran,  3-OH-CF  or  3-C=O-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  Cleamip  Proceaitre

J,1 Aadition  of s2Ilver nitrate  solution

  Our previous studies  on  soil residue  analy-

sis`) indicated that the  N-S  bond  in benfura-

carb  "'as  susceptible  to thiolytic cleavage  when

the sulfur  atom  was  attacked  by  sulfhydr}rl-

containing  agents,  and  that the addition  of

silver  nitrate  (AgNOa) solution  was  necessary

te prevent the cleavage  of  the N-S  bond  during
the  extraction  procedure  of  soil  sarnples.  The

current  studies  also  indicated  that  without  the

addition  of  sulfhydryl  inhibitor the recovery  of

benfuracarb fortified at  a  level of  O.05 ppm  was

only  18%  (Japanese radish>,  6%  (orange) and

33%  (cabbage).
  Therefore, the AgN03  solution  was  used  te

prcvent the decomposition of  benfuracarb

during the homogenization and  concentration.

Table 1 summarizes  the  data on  the effect  of

different amount  of  O.1 N  AgN03  solution  on

the recovery  of  benfuracarb from  six  repre-
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Tablc 1 Effects of  diffcrent volume  of  O.1 N  silver  nitrate  (A.rrN03) solution  on  the recovery  of

benfuracarb  from  the  Japanese radish,  green  pepper,  orange,  cabbage,  corn  and  rice  grain.a)

Crop
Volume  {ml)of AgNOa  solution  added

At  homogenization At  concentration
%  recovery

Cabbage

Japanese radish

Green pepper

Orange

CornRice
 grain

o2o2o55o2o25oo o2o25o5o2o25oo 44, 2388,

 9226,

 918,

 3220,
 2654,
 6184,
 8163,

 5892,

 88

 3, 813,

 1

 5, 1088.
 9490,

 88

a)
 I;ortifiedlevel: O.05ppm.

Table  2Effects  of  pH  of  homogenate  on  the recovery  of  benfuracarb  frem  thc  orange.")

l{eagent  for pH
 adjustment

  pH  of
homogenate

Volumc(ml)ef  AgN03  solution  added

At  homogenizationAt  concentration
%  recovery

NoneNone1076

 NaoH

10%  NaOH

IO%  NaOH

Buffer

  (pH8.0)

3,73.78,58.56.8 o2o222 o2o222  3. 813.

 127,
 2951,
 5376,
 8692,
 99

a)
 Fonifiedlevel:  O.05ppm.

sentative  crops.  The  recovery  of  benfuracarb
was  satisfactory  in the green pepper  and  cab-

bage when  2 ml  of  O.1 N  AgN03  solution  was

added  before homogenization and  concentra-

tion, while  in a  case  of  thc corn  and  rice  grain,
the recovery  was  good without  the addition  of

AgN03  solution.  In general, 2ml  each  of

AgN03  solution  was  added  before homogeniza-
tion and  concentration  to all crops  except  for

the Japanese radish,  whicli  required  of  5ml

each  of  AgNOs  solution.  In a  case  of  the orange,

the recovery  was  very  poor even  5ml  of

AgN03  solution  was  added.

1.2 Addition qfPH  8.0bvfar

  The  recovery  ef  benfuracarb from the oran.cre

fortified at  a  level of  O,05 ppm  was  still very

poor  (less than  13%>  even  after  addition  of  the
AgN03  solution,  Such  poor  recovery  was

presumed  to be caused  by  the lower pH  in the
orange  homogenate, Tlierefore, 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  25ml  of

phosphate buffer (pH 8,O) along  with  2 ml  each

of  AgNOs  solution  was  added  during thehomog-
enization  and  concentration.  Therefere, for
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the residue  analysis  of  thc erange  25 ml  of  phos-

phate buffer (pll 8.0) is necessary  in adclition

to the general extraction  procedure described
in "Materials

 and  Methods,'' Section 4.1.

1,3 Clean"P

  Combinatioll of  the Florisil and  the silica  gel
celumn  chromatography  was  necessary  to

remove  coextractives  which  showed  large peaks
on  the gas chromatograms  and  prevented
cluantitatien  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  ef ben-

iuracarb and  carbofuran)  or  in a  dichloro-

metanc-carbon  tetrachloride (1 : 1) mixture  (for
the analysis  of  3-OH-CF  and  3-C=O-CF),  be-
causc  of  geod solubility  of  these compounds  in

za 4e  utfn 62 eP 11 H

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  procedurc. In

a  case  of  the FIorisil column  chromatograph}r

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 chromatograrns  shown  in

Fig. 2-a. For the si]ica  gel column  chromatog-

raphy  of  the extracts  from  the spinach  and

Japanese radish,  2 g of  aluminum  oxide  con-

taining O.5el. of  AgNOa  on  top  of  the silica  gel

(7 g> layer was  useful  in separating  benfuracarb

from interferences. Corriparative chromato-

grams  of  the spinach  were  shown  in Fig. 2-b.

In a  case  of  the rice  grain, coextractives  in the

om[oQmotuLopUoPon
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i
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      l
ulhWt
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b-1
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I
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1
Benfuracarb

,

¢

z.e.

g,-s

a-2

Benfuracarb

l

b-2 c-2

Benfuracarb

,

          r  m  r
                                                            10                            O 5  10O 5         O  5 

･10
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Fig. 2 Comparativc  gas chromatograms  of  thc  extract  from  unfortified  
sarnples

 of  the

eggplant  (a), spinach  (b) and  rice  grain Cc) before and  after  alternative  or  additioiial  cleanup

for benfuracarb  quautitation.

Arrows  jndicatc the retention  time  of  bcnfuracarb,  (a-1) c]eanup  with  5 .cr of  Florisil, (a-2)
cleanup  with  10g  of  FIorisil, (b-1) cleanup  with  silica  gel only,  (b-2) cleanup  with  silica  gel and

aluminum  oxide  containing  O.5[),i. AgN03,  (c-1) acetonitrile  extraction  only,  (c-2> acetonitrile

extraction  iollowed  by  partitioning bctween  n-hexane  and  acetonitrLle.
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acetonitrile  extract  were  removed  by  partition-
ing between acetonitrile  and  n-hexane.  The

partitioning procedurc: vv-hexane  (50ml) was

added  to the combined  mixture  of  the aceto-

nitrile  extract  and  washings  (200ml). The
mixture  was  shaken  for 1min  and  the aceto-

llitrile  phase  was  taken  to be subjccted  to the

next  procedure. Comparative gas chromato-

grams  of  the rice  grain were  shewn  in Fig. 2-c.
J,4 Jlxtraction a･nd  clecmtip  Proceclttre of 3- OH--
     CF  and  3--C=O-CF

  The  described procedure  for the extraction

and  cleanup  of  3-OH-CF  and  3-C=O-CF
based on  the publi$hed  informationsB'ii} can

provide  a  sample  pure enough  to be analyzed

quantitatively by  GC  employing  a  quartz
capillary  column,

  In the extraction  procedure of  the refiuxed

sample  of  homogenized  crops,  an  addition  of

5 ml  of  4%  sodium  dodecylsulfate solution  into
a  separatory  funnel with  an  extraction  solvent

(dichloromethane) was  effective  to separate  the

mixture  into two  phases. An  addition  of  20g

of  potassium  chloride,  which  was  also  ex-

amined,  did not  preduce satisfactory  results.

J,5 Concentration

  As mentioned  previously, the crop  extract

should  be concentrated  at  a  water-bath  temper-

ature  below 350C, The  results  indicated that
bcnfuracarb  significantly  decomposed  during
the concentration  procedure at  a  water-bath

temperature  of  over  550C.

2. GC  QPerational Conditions

  For the gas chromatographic  residue  analysis

of  benfuracarb,  carbofuran,  3-OH-CF  and  3-

Table  3samplcs.Recovcry of  bcnfuracarb,carbofuran,3-OH-CF  and  3-C]O-CF  from  differentcrOP

Recoverv      "(O,･6)a) at  different fortification level (ppm)

Crop  samplc
 Location

(prefecture)
BenfuracarbCarbofuran  3-OII-CF 3-C=O-CF

O.05O.5O.05  O.5O.05  O.5O.05  O.5

Ricc(grain)Cucumber

Cfruit)Grcen
 pepper

{fruit)Water
 melon

(iruit)Melon(fruit)Eggplant

(£ruit)Japanese

 radish

(root)Japanese
 radish

(lcaf)Corn(grain)Cabbage

(leaf)Orangc(fruit)Spinach(leaf)

Shizuoka
Yamagata

NaganeKageshima

Wakayama

IbarakiNaganoIbaraki

Shizuoka

Kumamoto

KochiKagoshima

NaganoIbarakiNagunoIbarakiYamanashi

IwateXNrakayama

Nara"rakayama

Shizuoka

AichiTokushima

9097868888949894989692939375818I9182918589969294 90100

 87948896909886989699908289927880939698968083

 84100

 86979692969788859298917497957379959898989285

 98

 98

 84
 85999299

 99

 849293921OO809588

 79

 77809794988285

7682918998859297989887968692868679837889859490969882889593878777838594998688969981909186B5829295

8786

869385769995

8179

818286829094

[)
 Means  of  duplieate deterininations.
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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  (25m)
coated  with  OV-101  were  tested, The  results

indicated that  the  best peak  shape,  separatien

and  response  could  be  achieved  by  using  the

quartz capillary  column,  The  combination  of

the gas chromatograph  empluying  the quartz
capillary  column  and  the mentioned  extraction

procedure  could  enhance  the sensitivity  of

detection up  to a O.O05 ppm  level for all four
compounds.  Under  the conditions  describecl,
the retention  times of  benfuracarb,  carbofuran,

3-OH-CF  and  3-C=O--CF were  6,O, 4.6, 5.8
and  4.8min,  respectively,  Equivalent per-
formance with  other  gas chromatograph  units

using  the  same  column  could  be obtained  with

minor  changes  in the  gas chromatogiaphic  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 (O,005 ppm).

3. Recovery and  Detection Limi-t

  Recovery  values  of  12 different crop  samples

(11 crops)  each  collected  from two  different
Iocations and  fortified with  benfuracarb, carbo-

furan, 3-OH-CF  er  3-C=O-CF  are  presented in
Table 3. Crop types, Iocations and  spiking

levels produced  no  significant  difference in

a

om[oacoorLopUopom

Benfuracarb

,
Carbofuran

t
3-OH-CF

l
3-C-D-CF

i

b

oen[oacooatLopUe-on
Benfuracarb

i

Carbofuran

i
3-OH-CF

1
3.C=O"CF

l

       " n " N
       O 5  10 0 5 10 0 5 100  5 10

         Time (min) Time (min) Time {min) Time (min)

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

3-C=O-CF  in the  cggplant  by  GC.

Ca) eggplant  blank,  (b) eggplant+O.05  ppm  of  each  compound.

and
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recovery ：75− 100％ with 　benfuracarb
，
73一ユ00％

with 　carbofuran
，
76−99％ with 　3− OH − CF 　and

76− 99％　with 　3−C 二 〇−CF ．　 There　were 　llo

troublesome 　interferences　in　any 　of 　the　 sam −

ples．

　Representative　chromatograms 　of 　crop 　 cx −

tracts　unfortified 　or 　fortified　with 　benfuracarb，
carbofuran ，3−OH −CF 　or　3− C ＝ 0 −CF 　are 　shown

in　Fig．3using　the　eggPlant 　as 　an 　example ．

　The 　limit　 of　 dctection　（quantitation　of　 a

single 　three　times　the　noise 　level）was 　dcter−

mined 　to　be　O．005　ppm 　for　all　four　compounds ．
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要 約

　ベ ン フ ラ カル ブお よび そ の 代 謝 物 カ ル ボ フ ラ

　ン ，
3一ヒ ドロ キシーカ ルボ フ ラ ン

，
3一ケ トーカル

　ボフ ラ ン の ガス ク ロ マ トグ ラ フ ィ
ーに よ る 作 物

　 に お け る残留 分析 法

　　　　　　　小 ．林正子 ， 八 木　桂 ， 森　　均 ，遠藤桂子

　　　　　　　　　　　　　　　　　　旧中　晃 ， 梅津憲治

　ベ ン フ ラ カ ル ブ お よ び そ の 主 要 代謝 物 で あ る カ ル ボ フ

ラ ン
，
3一ヒ ドロ キ シ

ー
カ ル ボ フ ラ ン （3−OH −CF ），

3一ケ

ト
ー
ヵ ル ポ フ ラ ソ （3−C 二〇−CF ）の 残留分析法を 11 の 作

物 に つ い て 検討 した ．ベ ソ フ ラ カ ル ブお よ び カ ル ボ フ ラ

ソ は ，作物 を磨 砕後 メ タ ノ
ー

ル で 抽出 し た が ， こ の 過程

で の べ ソ フ ラ カ ル ブ の 分解 を防止す る た め 安定剤 と し て

硝酸銀水溶液を添加 した ，3−OH −CF お よ び 3−C 二〇−CF

は 抱合体 を加水分解す る ため 0．25N 塩酸で 加熱還 流 し

て抽出した ．そ れ ぞれ の 抽 出液 は ， ジ ク ロ 卩 メ タ ン に転

溶後 シ リカ ゲ ル お よ び フ ロ リ ジ ル カ ラ ム ク ロ マ ト グ ラ フ

ィ
ーに よ り精製 し，石 英 キ ャ ピ ラ リ

ー
カ ラ ム を ∫i1い る

FTD 一ガ ス ク ロ マ ト グ ラ フ ィ
ー

に よ り 定 量 し た ．そ れ ぞ

れ の 化合物 の 回収率は ，ベ ン フ ラ カ ル ブ 75〜IOO％ ，

カ ル ボ フ ラ ン 73〜100％，
3−OH −CF 　76〜99％ ，

3−C ＝ 0 −

CF　76−−99％ で あ り， 検出限界 は 全 化合 物 と も 0 ・005

ppm で あ っ た ．
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