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Comparative Study of  Analytical Methods  for Biores-

    methrin,  Fenothrin, d-Fenothrin, Pyrethrum  I,

   Carbaryl, Fenitrothion, Methacrifos, Pirimiphos-

       Methyl and  Dichlorvos on  Various Grains

              James M. DEsMARcHEuER

CSIRO,  Division of  Entomology,  P.O.  Box  1700, A,C.11  260I, Australia

                {Receivcd April IO, I980)

   Methods  ef  extraction  andi  analysis  suited  for analysis  of  aged,  unknown  residues  on

wheat,  barley, oats,  sorghuin,  rice  in husk. milled  rice,  polished rice  and  cooked  rice  are

reported  for carbaryl,  for the pyrethrelds  bioresmethrin, fenothrin, d-fenothrin and  pyrcth-
rum  I, and  for the erganophosphorus  insecticides dichlorves, fenithrothion, methacrifos

and  pirimiphes-methyl. Fortification studies  were  performed for each  insecticide on  each

commodity;  six  regimes  were  used  to extract  insecticides that  had been applicd  to grains
3-6  months  prcviously  in ordcr  to obtain  adequate  methods  of  extraction.  Amounts  of  aged

residues  of  dichlorvos, fenitrothion, mcthacrifos  and  pirimiphos-methyl,  after  standing

whole  grain in methanol  or  ethanol  fer 12 hours, werc  ever  90%  of  the atnounts  obtained

after  extracting  for 26 or  36 hours and  above  the levels extracted  by  hexane.  Recoveries

of  fertified samples  extracted  by ethanol  or  methanol  frem  all  commodities  ranged  between

89 and  100%.  The  organophosphorus  insecticides were  determined  by  gas-liquid chromato-

graphy  {glc) u$in.cr  a  phosphorus-specific dctector. Residue  levels of  fcnitrothion were  also

deteTmined  colorimetrica]ly,  after  hydrolysis to 4-nitro-3-methylphenoxide and  clean-up  by

the  addition  of  barium  chloride.  This  method  was  suitable  for determination  of  residue

levels greater than  2 mgl'kg.  At  least 809,b' of  aged  residues  of  carbary1  was  extracted  by

standing  grain in acetone  or  ethanol  for 12 houTs. Carbaryl  was  dctermined  by  glc, using

clectron  capture,  afterderivatization  to 2-chloroacetyl-1-naphthol and  also  semi  quantita-
tively by  thin-layer chromatography  with  4-nitrebenzenediazonium  fiuoroborate as  the

chromogenic  reagent.  A  two  phase  procedure  using  dilute alkali,  2-chloroacetic-anhydride
and  diethyl ether  resulted  in >95%  acetylation  of  1-naphthol. 4-cyanophenel alld  of  the

acidic  phenols 2,4,5-trichlorophenol, 4--nitrophenol and  4-nitro-3-methylphenol  provided
that the pH  of  the aqueous  phase  was  close  te the pK.  of  the phenol, Over  909,b' oi  thc

arnounts  of  the  pyrcthroids  bioremethrin, fenothrin, d-fenothrin and  pyrethruin  I ex-

tracted from all  commodities  after  26-36 hours in ethanol,  ]ight petroleum  or  ac ¢ tone  was

cxtracted  after  12 hours  in light pctToleum,  with  thc  exccption  that  light petroleurn was

inadequate  for the extraction  of  these pyrethroids  from  cooked  rice.  The  pyrethroids, after

a]kaline  hydrolysis, were  determined  co]orimetrically  from  the reaction  of  chrysanthemic

acid  with  acidified  mercury  (II) sulphate.  Receveries  of  fortified samples  were  between  89
and  95 ?1. .

              INTRODUCTION

  In order  to  assess  the environmental  safety

of  grain protectants applied  to different com-

modities  it is necessary  to have analytical

procedures  suitable  for each  commodity,  The

commodities  investigated in this work  were

wheat  and  
``other

 grains," namely  barley,
oats,  sorghum,  rice  in husk, and  raw  and

cooked  milled  and  polished rice.  However,

previous  studies  which  were  principally on

wheat,  were  not  repeated.
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  ]N{ethods are  availablei,2)  for the deterniina-
tion on  what  of residues  of the organophos-

phorus insecticides dichlorv･os, fenitrothion,

pirimphosmethyl (2-diethylamino--4-meth>Jl-
pyrimidin-6-yl-dimethylphosphorothionate)
and  methacrifos  (2-methoxycarbonyl-2-rneth-
ylvinyl dimethylphosphorothionate).  These
methods  involve extraction  into a  polar sol-

vent,  methanol  or  ethanol,  and  determination
from the response  of  a  detector specific  ior

phosphorus, after  separation  by  gas-liquid
chromatography  (glc). The  suitability  of  this
rnethod  for other  grains was  investigated, and

extraction  studies  were  performed with  metha-

nol,  ethanol  and  hexane,

  Fenithrothion in formulations has also  been
determincd  colorimetrically,S)  after  alkaline

hydrolysis to 4-nitro-3-methylphenol,  The
suitability  of  this rnethod  for determination  of

residues  of  fenitrothion on  wheat  and  other

grains was  investigated. A  quantitative pro-
cedure  and  a  semiquantitative  procedure using
thin-layer chromatography  (tJc) are  clescribed.

  Two  of  the procedures  used  for determina-
tion of  carbaryl  on  crops  or  vegetables  were

investigated ior their suitability  on  wheat  and

other  grains. One  was  an  oMcial`)  semiquanti-

tative method,  based on  alkaline  hydrolysis
aiter  purification by  tlc, and  visualization  by
spraying  with  4-nitrobcnzenediazonium fluoro-
borate. The  derivatization procedure  of

Arguerfi) was  also  investigation; this involves
hydrolysis and  formation of  2-chloroacetyl-
1--naphthol, which  is determined by  an  electron

capture  detector, after  purification by  glc. The
causes  of  the unreliability5)  of  this procedure
were  investigated, and  a  more  reliable  method

of  esterification  is reported  for l-naphthol and
also  for 4-nitrophenol, 4-nitro-3-methylphe-
nol,  2,4,5-trichlorophenol and  4-cyanophenol,

For  each  method  of  determination  of  carbar}rl,

extraction  studies  are  reported  for acetone,

ethanol  and  dichloromethalle.

  A  colorimetric  proceduree,7) for determina-
tion on  wheat  of  pyrethrum  I and  bioremethrin

(5-benzyl-3-fur}Jlmethyl (+) truns-chrysan-

themate)  is based on  the colour  of  the reaction

between acidified  mercury  (II) sulphate  and

chrysanthemic  acid,  The  suitability  of  this

procedure  was  investigated for determination
of  these pyrethroids on  other  grains and  of

za4-Z me$U 55 IP 11 fi

fenothrin (3-phenonybenzyl (+>-tra･ns-chrys-
anthemate)  and  d-fenothrin on  grains, In-
traction studies  were  performecl with  ethanol,

light petroleum  and  20%  acetone,  809i, light

petroleum.

  The  nine  insecticides were  investigated be-

cause  thcy  are  of  low  mammalian  toxicity and

because they  "rere  effectiveSutO)  in controlling

insects on  stored  wheat  in supervised  trials

(cf. also  Bengston et al., unpublished  results}.

Although it is Iikely that mcthods  of  deter-

mination  suitable  for one  commodity  weuld

be suitable  for other  commodities,  this as-

sumption  was  checked  and  the necessary

modifications  described. Fortification studics

were  performed on  all commodities.  I)ifferent
extraction  regimes  were  also  applied  to aged

unknownii,i2)  residue  levels on  different com-

modities,  because  aged  residues  may  be more

dithcult to extract  than  those that  have  been

freshly applied,2,'i) Extraction  is complete

if it is net  increased by･ altering  thc regime

(e.g, by  changing  solvent  or  extending  the
duration of  extraction)  and  if similar  results

are  obtained  from different regimes,ii)

  Particular attention  was  given te extrac-

tion of  pesticides from  cooked  rice,  as  the

partitioning effects  of  absorbed  water  in this
medium  could  well  prevent complete  extrac-

tien by  non-polar  solvents.  Fer  example,

hexane  has been shown  to be ineffective at

extracting  malathion  from high moisture

wheat.is)

MATERIALS  AND  METHODS

I. Fortijication Stud･ies und  Extraction of Aged
   Residu･es

  Although  fortification procedures varied

slightly  with  particular determinations, com-

mon  features in all studies  were  the addition

of  100 pt･1 of  acetone  solutions  containing  known

amounts  ef  pesticides to weighed  quantities
of  commodity  in extraction  flasks, The  sel-

vent  for extraction  was  added  one  hour after

the addition  of  the  pesticide. Unless stated

otherwise  in the text, each  unprocessed  com-

modity  was  fortified at  the levels of  O, 1, 2, 4
and  8mg/kg  and  each  processed commodity

was  fortified at  the  levels of  O, O.25, O.5, 1 and

2mg/kg.  For example  lots of  50g  of  barley
were  treated with O, 50, 100, 200 and  400 pag
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of  fenitrothion respectively,  100 ml  of  ethanol

was  added,  and,  after  cxtraction,  aliquots  of

the supernatant  were  injected into the glc,
alternating  fortified samples  with  standards,

Standards were  prepared by  adding  100 ml  of

acetone  solutions  containing  known  amounts

of  pesticides to volumetric  flasks and  making

up  to the mark  with  commodity  extract  just
prier te determination. 

'I'he
 commodity  ex-

tract used  was  thc supernatant  from pesticidc-
free grain, extracted  by  the same  procedures
as  used  for the fortified samples,  Each  stand-

ard  and  fortified sample  was  determined  three

times, and  the whole  process of  prcparing
fortified samples  and  standards  was  replicated

three times, To  minimize  tlie effect of  the

variation  in response  givcn by glc procedures,
the ratio  of  responsc  of  fortified sample  to

standard  was  calculatecl  for subsequent  in-

jections only.  The  %' recovery  was  obtained

by  multiplying  this average  ratio  by  100.

  In preparing standiards,  it was  assumed

that the concentration  of  insecticide in sol-

vent  inside the  grain was  the same  as  t]]at in

thc  supernatant,  as  has shown  to be the case

with  fenitrothion.2) For example,  there is

only  approximately  70 ml  of  supernatant  aiter

extracting  50g  of grain in 100 ml  of  solvent

and,  in preparing standards,  this supernatant

was  assumed  to contain  only  70%  of  the pesti-
cide,  with  the other  300f6 being contained

witliin  the grain. If this assumption  were

wrong,  recoveries  of  fortified samples  would

be high, Thus  the fortification studies  serve

not  only  to confirm  that the procedure  does

not  lead to loss oi  protectant, but  also  tests

the assumption  that pesticide concentrations

are  homogenous  in absorbed  and  supematant

solvent.

  Adequate recovery  of  fortified samples  is

only  one  criterion  of  complete  extraction,

Completeness of  extraction  was  also  assessed

frorn a  comparison  of  results  from  different

extraction  regimes,ii,r2)  All grains were  ex-

tracted by  at  least three solvents  for different

times. Typical  quantities were  50 g of  grain,
or  20g  of  cooked  rice,  in 100 ml  of  solvent.

AII grains had  been  treated with  the pro-
tectants applied  as  aqueous  emulsions  3-6

months  before extraction  studies  cornmenced,

and  in all cases  residues  recovered  by  an  ex-

traction procedure were  corrected  for recovery
of  pesticides added  to various  grains. These
fortified samples  were  used  as  one  of  the

standards  for analysis.  For the organophos-

phorus insecticides methacrifos,  pirimiphos-
methyl  and  fenitrothion recovery  studies  were

performed  on  all grains except  wheat,  which

]]ad been investigated previously.2) Re-
coveries  of  dichlorvos were  investigated on

rice  and  rice  products only.
  Solvents used  for extraction  studies  were

generally methanol,  ethanol  and  hexane,  For
carbarv1,  acetone  was  substituted  for the less

volatile  ethanol  because the procedure  re-

quired cQncentratien  of  extracted  solvent,

and,  for similar  reasons,  light petroleum  (30-
40'C) was  substituted  for hexanc  in extrac-

tion of  pyretliroids. Dichloromethane was

generally used  in place of  methanel  for ex-

traction of  carbaryl,  as  dichloromethane is

used  in an  oflicial procedure for analysis  of

carbaryl  on  vegetables.`)

2. Gas-Liguid ChromatograPh"v (glc) Proce-

   du･res for Analysis of OrganoPhosPhorus
   Protectants

  The  methods  of  analysis  iNrcre standard,i]2)

based on  clean-up  by  glc and  analysis  by
fiame photometric detector, specific  for phos-
phorus. The  colurnn  used  was  chromosorb

VLT, 100-120  mesh,  coated  with  40/. SE  3016%'

SP2401,  with  column  temperatures  rangmg

from 1500C, for dichlorvos, to 2IOOC for
fenitrothion, For analysis  of  residues  less

than  O.1 mglkg,  the column  temperature  was

lewered 150C, then  raised  at  8eClminute fol-

lowing injection,

3, Carbar.vl AnalTysis, Semigitantitat･ive <Thin-
   Layer ChromatograP]ayr, tlc>

  Basis of method:  The  method  was  modificd

from an  oMcial  procedure  for vegctables,`)

bascd on  hydrolysis of  carbaryl  to 1-naphthol,
and  coupling  with  4-nitrobenzcnediazonium

fluoroborate on  a  tlc plate to give naphthol

fast blue.

  Reagents: 1M  sodium  hydroxide  in 90`lib'

ethanol,  I09/S water,  V,iV; 4-nitrobenzenc-
diazonium  fiueroberate saturated  at  OOC in

909/i ethanol,  100/. digol, lv'IV.

  Extraction: For  unceoked  grains, 40g  of
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grain were  steeped  for 24hr  in 60 ml  of di-
chloromethane,  or  for 8 hr in 60 ml  of  acetone.

For  cooked  rice,  the acetone  extraction  was

required.  The  extraction  fiasks were  shaken

occasionally.

  Standards: Standards were  prepared  by
adding  appropriate  quantities of  carbaryl  to
40g  of  untreated  grain; for example,  O, 40,

80, 160 and  320 ptg correspond  to residues  of

O, 1, 2, 4 and  8mg/kg.  Standards were  then
treatcd similarly  to the unknown.  A  simpli-

fied procedure for standards  was  used  after

the technique  had  been tested on  a  particular
grain, Thus  solvent  aliquots  were  taken from
untreated  grain in solvent,  as  discussed below,
and  appropriate  quantities of  carbaryl  added

before concentration.  For aliquots  of  O.5 ml,

each  pag of  carbaryl  corresponded  to residues

of  3 mgfkg.

  Tlc P･rocedures: Two  tlc procedures were

used  for most  grains, but the polyamide

plate was  used  for cooked  rice, as it absorbed
the water  in the extraction  solvent  better than

the alumina  plate. The  systems  were:

  i) Alumina  plates, e.g.  Merck's Alumi-

     niumoxid  F254, Type  e neutral,  de-

     veleped  with  15%  ethyl  acetate,  85V/,

     hexane.

  ii) Polyamide plates, e, g. Merck's Poly-

     amide  F254, developed with  60%

     methanol,  40%  water.

  Plates were  spotted  with  O.5 ml  of  extrac-

tion solvent  from unknowns  and  standards

for analysis  in the range  O.2-4 mglkg  or  with

O.25ml  for analysis  in the range  4-8mg/kg.
Two  methods  were  used  for spotting.  The

first spotting  procedure, which  was  the easiest,
was  to reduce  the aliquot  in a1ml  vial  to

O.1 ml  in a  stream  of  air,  to apply  the concen-

trate to the plate with  a  thin paintbrush, type

OO, to a,dd  O.Ol ml  of  acetone  to the vial,  and

to respot.  The  second  sl)otting  procedure was
to reduce  10ml  of  extraction  solvent  to O.1
ml,  and  to spot  5 pa1 on  the plates. Plates werc
spotted  with  alternate  unknowns  and  stand-

ards.

  Ad'ethocl of anulvvsis:  Plates, after  develop-
ment,  were  sprayed  with  the ethano]ic  base
reagent,  and  stored  in the dark at  50VC for
5 minutes.  The  plates were  then  resprayed,

left to partly dry for about  1 minute,  and

ng4g  esM55411n

sprayed  while  still wet  with  the chromogenic

reagent,  Estimation was  by  visual  com-

parison of  intensity of  the blue spots  with

standards.  The  total spraying  procedure was
then  repeated,  as  a  test for completeness  of

reaction,  and  repeated  until  there was  no

change  in the order  of  colour  intensities.

  The  analysis  was  then  repeated  on  a  differ-
ent  tlc system,  with  unknowns,  based on  re-

sults  of  the first analysis,  placed adjacent  te
close  standards.  For example,  an  unknown

identified as  having 2-4mglkg  carbaryl  was

placed adjacent  to standards  equivalent  to

residues  of  2.2 and  3.3 mg!kg.

  eualitative coptrm･atory  tests: 1-naphthol
showed  as  a blue colour  when  illuminated at

254nm  before the plates were  sprayed  with

chromegenic  reagellt.  This colour  was  un-

stable  and  this test was  used  as  a  scparate

confirmatory  test, After estimation  of  the

blue colour  caused  by  the chromogenic  spray,

spraying  with  acetic  acid  produced an  orange

colour,  detectable to O.15 ptg.

4. Carbar.yl Analysis, glc, ettantitative
  Basis of ntethod:  The  method  was  based on

esterification  of  phenols by  reaction  with

anhydrides  in dilute aqueous  alkali,  As  such

the method  was  based on  the classical  methods

of  Pschorri') and  Lumi6rei5) for acetylating

amincs,  and  extended  by  Chattaway'6} to

phenols. Improvements  to thc mcthod  of

Arguaer5) were  used  to maximize  yields of

phenolic esters,

  Extraction: Acetone extraction  was  used,

as  in the  semiquantitative  method.

  Derivati.7.ation-: 1 ml  of acetone  extract  was

added  to 1ml  of  1}f sodium  hydroxide  in
900/, ethanol,  le9,6 water,  This was  left for
1hr  at  50"C with  extra  solvent  being added

as  required.  The  mixture  was  then poured
onto  10ml  water  and  extracted  x-Tith 2 × 10

ml  diethyl ether,  which  was  discarded. The

pH  of  the aqueous  phase was  adjusted  to IO,

cooled  to OeC, and  stirred  with  2 × 20 ml  1%'
chloracetic  anhydride  in diethyl ether.  The
combined  organic  extracts,  

･made
 up  to 50 ml,

were  dried over  sodium  sulphate  and  an  ali-

quot of  5pl  was  injected onto  a  glc column

attached  to an  electron  capture  detector. 2-

chloroacetyl-1-naphthol  was  satisfactorily  re-

NII-Electronic  
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for 20± l2hours. For cooked  rice,  and  for

simultaneous  analysis  of  organol)hosphorus

protectants, 50D/, ethanol/50%  Iight petreleum,
VIV' , was  substituted  for light petroleum.
  PVorkuP: 75ml  of  extract  was  decanted

through  a strainer  (to remove  light frag-
ments)  into a  350-500ml  graduated  beaker
containing  5ml  of  sodium  hydroxide (1N)
and  20 ml  of  ethanol.  The  extract  was  con-

centrated  on  a  water  bath  until  the solution

"ras  homogeneous, and  then  the beaker was

covered  with  a  watch  glass and  gently re-

fiuxed for 45 minutes,  adding  ethanol  as  re-

quired. The  solution  was  then  rcduced  to

20ml, made  up  to 200ml  with  water,  and

boiled down  to 140 ml.  After cooling  to room

temperature, 10ml  of  barium  chloride  solu-

tion were  added  (reserving 10ml  of  total

aqueous  solution  for fenitrothion analysis,

method  A, if required).  The  aqueous  solution

was  made  up  to 250 ml  with  water  and  either

200 rn1  was  decanted, after  leaving overnight,

er  1 g of  Filtercel was  added,  tbe solution  was

shaken  vigoreusly  and  200ml  was  filtered

through  a  fully fluted (32 folds) 150 mm  What-

mans  No.  1 filter paper.
  200 ml  of  the aqueous  solution  was  neutral-

ized (phenolphthalein) by  the dropwise addi-

tion  of  diluted hydrochleric acid,  and  I ml  of

the acid  in excess  was  added.  After mixing,

the solution  was  transferred to a  500rn1
separating  funnel, rinsed  with  2xlOml  of

water  and  50 ml  of  light petroleum was  added

to the aqueous  solution  plus rinsings.  The

funnel was  shaken  vigorously  for at  least one

minute,  releasing  the pressure, if necessary,  at

intervals, and  the layers were  allowed  to

separate  for at  least 5 minutes,  or  until  the

lower aqueous  layer was  clear,  before the

aqueous  layer was  run  off  into a  flask. The

light petroleum extract  was  filtered through

a  plug of  cotton  wool  into a  100 ml  volurnetric

flask, The  aqueous  liquid was  returned  to thc

500 ml  separating  funiiel, and  tbe extraction

repeated  with  a  further 50ml  of  Iight pe-
troleurn, The  separating  funnel and  cotton

wool  were  rinsed  with  light petroleum  (2×
10ml), and  the rinsings  added  to the flask.

It was  most  important that none  of  the aque-
                                      ,
ous  phase was  added  to the flask. The  orgamc

phase was  dried with  sodium  sulphate,  and

November  1980

solved  on  Chromosorb  W,  60-80 mesl),  coated

with  5%  SE30, at  a  column  temperature  of

1750C and  a  flow rate  (N2) of  70 mllmin.

  Alternatively, esterification  with  propionic
or  acetic  anhydride  could  be used,  followed by

identification by  flame i(mization detector.

5. Anal.･yst's of Free Phe7tols, o-r Phenols from
   Ill>,drolLx.Jsis of OT:ganophosPhonts Protect-

   ants

  1'he clerivatization proccdure was  identical

te that for 1-naphthol, but  the pH  had  to be

adjusted  net  to 10 but to the pK.  of  thc

phenol.

6. Colorimetric Procedure .ICbr Derivatiz)es of
   ChT:y'santhemic Acid (d-Fenothrin, l{3,'reth-

   rum  I, Bioresmethrtin)

  Basis of Procedure: The  procedurc  was

based on  published  colorimetric  methods,fi,')

modified  for multiple  analysis  using  simple

equipment,  and  conforming  more  closely  to

othcial  procedureiT' for analysis  of formula-

tlons.

  Reagents :

    Ethanel, 950,/,' 
,
 VfV.

    Light petroleum, tro-6e"C.

    Barium  chloride  solutien,  a  10erb' solu-

      tion of  barium  chloridc  dihydrate in

      water,  
'

    Sodium  hydroxide, 1 M,

    Hydrochloric acid,  dilutcd 40 parts with

      water  60 parts, V/V.

    Phenolphthalein indicator solution,  a 1 9,','
      solution  in ethanol.

    Sodium  hydroxide, dilute, O.2 M.

    Mercury (II) sulphate  solution  (Deniges
      reagent,  modified).

  5ml  of  concentrated  sulphuric  acid  was

added  with  cooling  and  stirring,  to 1g  of

yellow mercury  (II) oxide  in 60 ml  of  water.

The  mixture  was  stirrcd  till the oxide  was

dissolved and  then a  further 55 ml  uf  sul-

phuric acid  was  added  cautiously.  The  reagent

was  kept out  of  light, and  used  en  day  of  pre-
    'Paratlon.

    Filtercel, A  natural  diatomaceous earth

      available  from Johns-Manville Co. Ltd.

  Extraction: 100g  of  grains, or  50g  of

milled  er  polished rice,  were  extracted  in 100
ml  of  light petroleum, and  left, with  shaking,
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decanted and  rinsed  into another  volumetric

fiask. The  aqueous  phase was  reserved  for
analysis  of fenitrothion, method  B.

  2 ml  of  O.2 M  sodium  hydroxide was  added

to the organic  phase  in the flask, which  was

swirled  vigorously  for 1 minute.  After leaving
for at  Ieast 5 minutes,  O.6 ml  of  the aqueous

extract  was  placed into a  stoppered  glass cell

of  width  10mm  and  capacity  3-5ml. Two
ml  of  the  modified  Deniges  reagent  was  added,

starting  a  stop  watch  at  commencement  of

addition.  The  cell  "Tas  shaken  three times,
and  placed in a  split-beam  spectrometer;  the

absorbancc  at  578  and  680nm  was  measured

at  2 and  2S  minutes  on  the stop  watch,

using  as  blank O.6ml  of  O.2M  sodium  hy-
droxide  plus 2ml  of  the modified  Dcniges

reagent.  Readings  at  680nm  were  constant,

and  close  to zero.  High  reading  denoted
turbidity and  unacceptable  analyses.

  Standards: Internal standards  were  pre-

pared  by  adding  appropriate  quantities of

pyrethroid to untreatcd  wheat,  adding  light

pctroleum  and  treating as  unknown.  Exter-
nal  standards  were  prcpared  by  adding  chry-

santhemic  acid  of  isomeric composition  simi-

lar to that of  the pyrcthroid to a  glass cell,

making  up  to O.6ml  with  O.2M  sodium  hy-

droxide, adding  Deniges reagent  and  monitor-

ing the colour.  For derivatives of  d-trans
chrysanthemic  acid,  solutions  of  hydrolyzcd

pyrethroids were  standardized  by  oflicial  pro-
cedures.iT)  The  appropriate  quantity of

chrysanthemic  acid,  for a  standard  of  Ar mgl
kg, was  I8xx168fM.va.,  where  M.PV. was

the molecular  weight  of  the pyrethroid. For
other  pyrethroids, standards  were  prepared
by  hydrolysis of  known  amounts.

Z  Colorimetric Analysis  of Fenitrothion
  Basis clf method:  The  method  "ras  based
on  measurement  of  the yellow colour  of  the

phenol from fenitrothion; this colour  was

used  also  in standardization  of  concentrates.S)

The hydrolysis procedure was  that described
in Section 6 with  the exception  that phenol-
phthalein was  used  as  an  external,  not  internal,
indicator.

  Method  A: The  method,  which  was  suit-

able  for residues  in excess  of  3mg/kg,  was  to
measure  the absorbance  at  398 and  480nm

za4e  es"55411fi

of the aqueous  extract  whose  preparation was

described in section  6 for fenitrothion analysis,

Method  A. The  blank  cell  contained  O.2M
sodium  hydroxide, and  high absorbances  at

480nm  indicated turbidity and  unacceptable

analyses,  However, such  absorbances  did not

occur  provided  the solution  was  left overnight

in a  stoppered  vial  prior to analysis.  The
method  was  suitable  for all grains tested
except  sorghum,  where  a  natural  yellow eolour
survived  the work  up  procedure.
  Method  B:  Method  B  was  suitable  for

residues  <3mglkg,  or  residues  on  sorghum.

It involved adding  5 ml  of  concentrated  hy-
drochloric acid  to the aqueous  extract  of  the

type  indicated in Section 6 for analysis  of

fenitrothion, Methed  B, and  then  extracting

with  2x50ml  diethyl ether,  back extracting

the combined  ether  extracts  into 15ml  of

O,2M  sodium  hydroxide for residues  in the
range  O,1 to 3mglkg,  or  into larger volumes

of alkali  for larger concentrations.

8. Samiguantiltutitre tlc Procedure for Fenitro-
   thion

  Basis of the method:  The  method  was  based
on  basic hydrolysis of  fenitrothion on  a  tlc

plate and  identification by  I<f and  the yellow
colour  formed. The  acetone  extraction  and

tlc procedures described in section  3 were

suitable  for purposes of  identification, but for
semiquantitative  tests silica  plates, such  as

IYTerck's Silicar I'254, were  preferable to
Merck's polyamid plates, They  also  cnabled

suitable  resolution  of  ±enitrothion  from  4-

nitro-3-methylphenol.

  SPra.v Procedures: After development of  the
tlc systems,  the plates were  sprayed  with  1 N

sodium  hydroxide in 90%  ethanol,  10Cl,6 water

and  left 1 hr at  600C  with  respraying  at  inter-

vals  of  approximately  20 minutes.  The  yellow
colour  was  stable  in indoor light, and  the
chromogenic  reagent  used  to detect carbaryl

did not  interfere.

  Proparation of standards:  Internal stand-

ards,  as  described for carbaryl,  were  used.  The
limit of  detection was  O.2 leg of  fenitrothion,
corresponding  to a  residue  in grain of  O.67 mg!

kg, using  the extraction  proeedures clescribed
for carbaryl  and  an  0.5 ml  aliquot.

NII-Electronic  
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                RESULTS

1. Solvenls for ExtTaction of Residttes on

   Coohed Rice and  Other Commodiltzles

  Extraction  is considered  eomplete  when

residue  levels are  not  increased by  changing

the solvent  or  extending  the duration of ex-

traction,ir,i2) Determinations of  aged  rcsidues

on  cooked  rice  by  extraction  with  alcohols  or

acetone  were  consistent  and  independent of

time  of  extraction,2,")  "Jith Iess polar sel-

vents,  extraction  was  incomplete {11'able 1),

  Fortified samples  were  prepared  by  adding

insecticides to cooked  riee  before extraction,

in order  to confirm  that the metl]od  of  ex-

traction was  suitable,  Recoveries CTable 1>
werc  satisfactory,  and  for all compounds  the

       Table  l Agecl Residues  of  protectants in tooked

              regimes,

     November  1980 527

simple  method  of  stirring  overnight  in a  polar
solvent  gave reproducible  results,  not  affected

by time  of  extraction  or  choice  of  polar solvent,

  It was  feund that results  (± 100,b'> ob-

tained from 24hr  extraction  in acetone,

methanol  or  ethanol  of  methacrifos,  fenitro-
thion and  pirimiphosmethyl on  barley, oats,

sorghum,  rice  in husk, polished rice,  milled

rice  and  malt  were  similar  to each  other.  On
the same  commodities  results  (± 10?･6'> ob-

tained from 24 hr extraction  in light petroleum
of fenothrin, d-fenothrin and  bioresmethrin
were  similar  to those frem  extractien  in
ethanol.  For carbarsrl,  comparable  results,

within  the precision of  the tlc proccdurc, were

obtained  with  all cornmodities  from 8 and

24hr  extraction  in acetone,  24hr extraction

 rice,  as  determined  by  dif'ferellt extraction

Protectant

Dichlorvos

Duration  of

extraction

   (hr)

    12

   36
    12

   36

    12

     Solvent

Ethanol

EthanoL

HcxaneHexanc'pt'Iethanol

Residue(niglkg)

Carbaryl

  (semiquantiative
  analysis)

?'.' recovery  of

  1'ortified
  sample

 61224121224

Biorcsmethrin

liL-ie'noth'riA'' 

'-

I21212

i2"

2424

AcetDne
  Jt

  JrEthanol

Dichloromethane

Dichlorpi.i.}.e/tlhane

O.S2O.34O,12O.16O

 3SO.4

 ± O.1
O.4  ± O.1

O.4 ± O.I
O.4  tO.1
O,25 ± O.12

O.25 ± O.12

       95

       93

'--
 

'Tbo
± 2og･.

    IOO ± 20?.6

    1 OO ,i.,. 2O ?･i
    1 OO  l. 2O 9･b'
     75137%

     75± 37%

Light petroleum
Acetone

20%  acetone,  809,6
  li.uht petroleuin

O.7O.8

O,8

Ethanol

Ethanol

Ligltt petroleum

I;enitrothion 12242424 Methanol

Mcthanol

Ethanol

Hexane

 S.1
 2.9
 1.9''2,8

 2.8
 2,9

 O,7

Pilmiphos-methyl 122424 Methanal

Mcthanol

Hcxane

Methacriios l22424 Methanol

Methanel

Ethanol

4.94,91.902O.20.2

9693

9S91

87979699

919493918994
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in dichloromethane and  4hr  extraction  of

ground commodity  in dichloromethane,

2. Aceij,lation of Phenols in Dilute Base
  Acetyl-4-nitro-phenol (50mg), prepared  by

the procedure  of  Chattaway,i6' in diethyl

ether  (20ml) was  stirred  over  water  (10ml)
at  pH  7.5 at  OCC  for 1 hour, without  any

deteetable hydrolysis (<IO/,), whcreas  4-

nitrophenol <25mg) was  quantitatively ace-

tylated <>98?/.') in less than  one  mmute  in

the presence oE  excess  acetic  anhydride.  How-

ever,  acetyl-4-nitro-p]ienol  in diethyl ether,

stirred  over  water  at  pH  !O, was  rapidly

hydrolyzed, and  the formation  of  a  yellow
colour  (1-29r'.' decomposition> was  immediately

apparent.  The variablc  yields reported  by

Arguer5) for the two  phase  acetylation  of

phenols, at  room  temperature  and  at  pH  14,

were  doubtless due to excessively  basic con-

ditiens "'hich  hydrolyzed the  esters  as  they

wcre  formed. At  pH  7.6 quantitative yields

(± 5%)  of  acetyl-4-nitro-phenol,  acetyl-4-
                                      '
nitro-3-methyl-phenol  and  acetyl-2,4,5-tn-

chlorophenol  were  obtained  from the two

phase acetylation  procedure, whereas  at  pH
10, 830,/,' yield was  the maximum  obtained  ior

acetylation  of  4-nitro-phenol. However,

quantitative yields of  acetyl-1-naphthol,  l-

chloroacetyl-1-naphthol  and  acetyl-4-eyano-

phenol  were  obtained  from the 2 phase reac-

tion at  OOC, pH  10.

3. e"antitative Procedure for Carba7c}Jl
  The  recoveries  of  carbaryl  added  to wheat

at  different concentrations  are  outlined  in
Table  2. No  interference was  experienced  on

the glc, principally because the procedure was

specific  for compounds  that can  be readily

Tablc  2 Recoveries  oE carbaryl  added  te  xvheat.

NN"t. of  wheat

    {e[) AddcdCaTbaryl

 (ltg}Recovered

10, 40

 10

 10

 40

 IO

D1IO2550<O.OL  <O,Ol

 O.93, O.96

 9.7,  9.9

  24, 24, 25

  48, 50

za4:, ee fl 55 ff 11 A

h}rdrolyzed to phenols, or  amines,  with  other

matcrials  being removed  by the various  par-
titionings,

4. CarbarLvl, Semiguantitative tlc Procedu･res

  The  measured  levels of  aged  residues  of

carbaryl  were  similar,  within  the precision of

the rnethod,  after  extraction  of  whole  or

ground grain in dichloromethane  for 24 or

36hr, or  after  extraction  of  ground  grain in

acetone  for 4 or  24hr,  or  after  extraction  of

whole  grain in acetone  for 24 hr. Any  of  these

methods  was  suitable.

  The  advantage  of  the method  was  that it

was  quick and  required  no  expensive  equip-

ment,  It was,  however,  only  a  semiquantita-

tive method.  The accuracy  of  the method

was  tested by a$king  chemists  to  grade stand-

ards  in order  of  intensitv. The  results  of

these tests (Tablc 3) wer6  consistent  with  a

precision of  about  250/3 at  suitable  concentra-

tions. That is, an  analysis  can  be given as

4± 1 mg/kg,  but not  as  4± O.5 mg,ikg.

  The  limit of  cletection, O,05 ieg of  carbaryl,

corresponded  to a  residue  oi O.17 mglkg,  under

the conditions  outlined,

  Residues  of  carbaryl  determined by  the
tlc procedure were,  on  wheat  and  barley, 5±

1,25 and  4± 1mglkg, as  compared  with  re-

sults  by  the glc procedure  of 4,6±O,2, and

4, 1 ±O.2 mglkg,

5. Colorimetric Preceditrefor RJ,rethroids
  Results using  different extraction  regimes

for analysis  of  pyrethrum I, d-fenothrin and

fenothrin, are  outlined  in Table 4, and  are

similar  to results  previously obtainecl  for

TabTe3  AbMty  
of

 
scicntists

 
to

 
rank

 
cafbaryl

       standards  in correct  order,  usmg  a

       semiquantitative  tlc procedure.

Amount  of  carbaryl

      (fLg)

O, O.2, O.4, O.8, 1.6, S.2

O, O.15, O,3, O.6, 1.2.
 2AO.1,

 O,2, O.4, O.6

1.2, 1.8, 2.4

O.8, 1.2, O.2, O.3, O.4

         No.  of

,N.?{i:l- 
co:i.'p;:.t:iY

pants
        rankings.

  5 5

  5 5

323 313
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Table  4Extraction  of  residues  of  d-fenothrin,

barlcy,

fenothrin, on  wheat  and

CedeNo.'A-"

AAAAAABBCcDDEEEFF

Protectant
 Time  of

extractien

  (hr)
Selvent

d-Fenothrin

Fenothrin

Pvrethrtim  1 J

412412412361212121212121212241224Light petroleum
     tl

20%  acetone,  80%

Ij.cr. ht pctroleurn
Mctbanol
   ft

   llLiglLt

 I}etroleum
Ethanol

Li.crht petroleum
Ethanol

Light  petrolcum
Ethanel

Light  petroleum
Ethanol

Ethanol

Light  petroleum
Ethanol

Type  of

 grain

vL:he5t 
'""

Bariey

VSJhcat

Barlcy

"'heat

Barley

Residues

(mgrfkg)

 O.73

 O,71

 O.70

 O.71

 O.72
 O.69

 O.73

 Ll

 Ll

 1.9
 l.9

 1,4

 1.4

 O.55
 O.58

 O,56

 O.41

 O,39

bioresmethrin, in
cxtracted  from whole  grain
non-polar  or  polar solvents.

were  used  when

ants  were  also  analyzed.

  As with  the tlc procedure
during workup  were

method  of preparing
losses were  estimated  by
nal  standards  with  external

example,  for all analyses

throids by the author  in
occasions  an  external

equiva]ent  to 1,30mg/kg

was  analyzed  by  the

1.37mg/kg, standard  deviat
These results  were  consistent

negligible  loss during
standard  deviation                ,

ternal  and  external

with  a  precise, reproducible

YSIS,
  "iith regard  to

standard  was  also  constant,

standard  deviation of  O.242
spectively.  Accordingly, the
rnent  response  could  have

of  the two  standards

that  pyrethroids were  readily

          by  a  variety  of

            Polar solvents

 organophosphorus  protect-

         for carbaryl,  losses

     compensated  by  the

     standards,  However,

       comparison  of  inter-
          standards.  For

       performed on  pyre-
       1977, on  24 separate

     standard  theoretically
         of  bioresmethrin                        '

     internal standards  as

          ion O.05mgtfkg.

           witli  a  slight  to

    workup,  and  the small

   O,05mg/kg, between in-

   standards  was  consistent

          method  of  anal-

  absorbance,  the  external

         with  a  mean  and

            and  O.O17 re-

          constant  mstru-

         been used  as  one

    necessary  for quantita-

tive  analysis.

6, Colorimetric Procedure for Fenitrothion
  Methoa  A: The  hvdrolvsis used  in the

analysis  of  pyrethroids r5sulted  in yellow
colours  for grain also  treated with  fenitro-
thion, and  attempts  were  madc  to quantify
this colour,  However, basic hydrolysis ol

untreated  wheat  also  resulted  in a  slight  yellow
colour,  plus some  turbidity. Attempts were

made  to reduce  these background inter-
ferences by  varying  solvent  and  workup  pro-
cedures,  and  substitution  of  light petroleum
for rnethanol  was  partly effective.  Despite
these background effects,  plots of  optical  den-
sity  versus  residue  of  fenitrothion, using

internal standards  of  O, 3, 6, 9 and  12 mglkg

were  linear and  passed through  the origin

provided  the O standard  was  used  as  reagent

blank (Table 5),

  The  absorbance  oi  the O  standard,  relative

to O,2N  sodium  hydroxide, was  greatly re-

duced by  the addition  of  barium chloride  te

the hydrolyzed  aqueous  extract  and  became

negligible  when  the aqueous  extract  "ras left

overnight  prior to analysis,  In eleven  experi-

ments,  the absorbance  of  zero  intcrnal blank,
measured  against  O.02M  sodium  hydroxide,



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScienceSociety  ofJapan

530 H 1scgeeseekts.., agstsng4engfn  ss lll 11 H

Table  5Absorbancea)

methylphenol)ef

 internal standard  (fenitrothion) and  cxtcrnal  standard

, using  solution  derivcd irom  untreated  wheat  as control.(4--nitre-3-

Wellgh5,2f..",za"`b' voiumeof  No.of  
"2;Otr.?PEfC,:g,!Odr.,ad',i.S'2g.".e.?tt`.O.:,l.g,'a`g

    cxtract  
aCIUeOUSeXtraCt

 
OCCUrrenCe

 Mean,)  
'"'-S.6.

 Meafia) 
'
 SI`Dl'

      60 250  8 O.141  O.OOI O.144  O.O04

      60 l50 10 O,211  O,OOI O,21S  O.O07

      40  150d) 7 O.141 O.eOl O.142 O.O03

   ")-  
ixbsorbance

 is ab-sorbafic-e'  
at

 3gs mn  less absorbance  at  4go nm.  iih-EM,ullJltracti'6h of  the-i5IIer

      absorbance,  which  is zero  for 4-nitru-3-methyl-phenol,  reduccs  crTos  associated  with  turbidi-

      ly, dirty cells,  etc.  (The abserbance  is quotEd  for  a  rcsiduc  of  10 mgtkg,  from  the  line of  best

      fit throu.crh intcrnal standards  of  3, 6, 9 and  12 mgi]{g.

  b) Weight  of  wheat  in deeanted  extract  equals  weight  of  wheatx  Vd,/Ve, where  Vd  and  Ve are

      volumes  oi  clecanted  and  extraction  solvent  respectively.

   C)  Thc  mean  and  standard  deviation of extcrnal  standards  werc  calculated  from  the mean  ab-

      sorbance  of  totally duplicated  standards  recoTded  on  17 soparatc  occasions  over  a  six  month

      period, Thus  thc  srnall  standard  deviation is in[]icativc of  the stability  of  the standu,rds,

      which  weTc  ]<ept at  room  temperatures  away  frem  the light, as  xsrcll as  of  the  constancy  of

      machinc  response.

   d) Thc  niean  and  $tandard  dcviations were  calculated  from  results  obtained  over  a  6 month

      period.

Tablc  6Residues  of  fenitrothion as

methods  of  analysis.a)

ascertainedby  different cxtraction  regimes  and  two

 Timc  oE
extraction

  (hr)
Solvent

Residucs  (mgtkg)

Method  A

by

 grc

412364123641236

ai-

Li.ff. ht  petroleum
  lx ir

  ft tt

80er, light petroleum
20`r,b' acetone,  VXV
     il

Methanol
  li

  tt

1.64.05.22.95.15.55.65,45.4

5,S5.45.4

The  methods  were  the colorimetric  proccdure  Method  A,and  a  
.filc

 procedure.

averaged  O,O05, standard  deviation O.O06 and

this blank reading  was  of  little iniportance
for residues  in tlie range  2-10 mg,ikg  (absorb-
ance  O.042 to O,211, Table 5), HowexJ･er, for
residues  Iess than  2 mgt'kg  the error  associated

with  the blank became  unacceptably  high,

and  it was  to reduce  such  errors  that Method
B  was  devised.
  A  suitablc  solvent  for extraction  of  fenitro-

thion  was  made  from  the  data in Table 6;
complete  extraction  required  a  polar solvent.

Results ior analysis  of fenitrothion by  Method

A  were  similar  to results  obtained  by  an

established  glc procedureU' (Table 6). NVhile
the glc procedure, using  a  specific  pl]osphorus
detector, was  far quicker than  IX･Iethod A, the

latter method  had  the advantages  of  constant

machine  response  (Table 5) and  a  crystalline

primary standard  in 4-nitro-3-methyl-phenol,

  Method B: The  slope  of  the plot of  absorb-

ance  versus  concentration  in Method  B  was

ten  times  greater than  the slope  of  a  similar

plot in Method  A, because of the 10 fold con-

centration  achieved  by  acidification,  extrac-

ii1



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScience  Society  of  Japan

fournal of Pesticide  Science  5 <4),November 1980 531

tion into ether,  and  back extraction  into 15
ml  of  O.2M  base. Thus  the absorbance  in

Method  B  at  1 mg/kg  averaged  O.207, com-

pared  with  the mean  absorbance  in Method  A
of  O.21l (Table 5) for residues  o[ 10 mglkg.

7. Semigttantitative Testfor  I"enitrothion, Use-

   Atl for Determination w･ith  Carbait),l

  The  tlc procedures used  for analysis  of

carbaryl  were  used  as  a  qualitative or  semi-

quantitative test for fenitrotl]ion, sensitive  to

O.2ptg, or  O.7mglkg  using  the  same  size

aliquots  as  used  for carbar}.rl,  The  basis of  the
method  was  hydrolysis by  base to the phcnol,
though  the hydrolysis required  3 separate

spraying  and  1hr at  60nC before it was  com-

plete, The  precisien of  the method  was  better

than  50%.  The  procedure did not  require  the

ehromogenic  spray  used  to detect carbaryl,

but was  not  affected  bv it.

  Each of the tlc proc"edures used  for analysis

oi  carbaryl  was  suitable  for detection of

fenitrothion, though  the Merck's  polyamid
plates buckled  under  the procedure. An
alternative  tlc procedure  was  elution  on  silica

plates (e.g, Merck's F254  Silicar) with  di-

chloromethane,  and  this also  gave excellent

separation  of  fenitrethion (I{!f O,95) and  4-
nitro-3-methyl-phenol  (I<fO.21>. The  phenol,
of  course,  gave  an  immediate yellow colour

when  sprayed  with  base.

              DISCUSSION

  Most of  the methods  require  little discussion,
because they  were  chosen  by standard  criteria

fer selection  of  procedures suitable  for aged,

unknown  residue  levels,ii,i2) There criteria

are  adequate  recovery  of  insecticides aclcled

to commodities,  and  eompleteness  of  extrac-

tion of  aged  residues,  Extraction is said  to

be complete  if levels are  not  increased by
extending  the  duTation of  extraction,  and  if
no  other  extraction  regime  gives higher levels,

and  if the regime  gives levels comparable  to

those from  other  regimes.

  Thc  colorimetric  procedures for fenitrothion
and  pyrethroids had  the major  advantage  of

optical  procedures over  chromatographic  pre-
cedures  in constant  machine  response,  That is,
absorbance  did not  vary  from  clay to day  in

the manner  that peak heights varied.  In

addition,  primary standards  were  directly
available  in 4-nitro-3-methyl-pheno13) and

chrysanthemic  acid,'')  whereas  primary stand-
ards  were  not  directlv available  for chromato-                  J

graphy  of  fenitrothion or  the pyrethroids.
However,  the celorimetric  I)roccdures were

not  specific and  did not  distinguish between
fenitrothion and  fenitro-oxon or  between
bioresmethrin and  pyrethrum I,

  The  semiquantitative  tlc procedures  for
carbaryl  and  fenitrothion were  rapid,  rcquired

little equipment  and  were  suthciently  precise
fer many  purposes. In situations  where

variations  between samples  are  large, many

relatively  imprecise analyses  may  be of  more

use  than  a  few more  precise analyses,

  The use  of  alcohols  for extraction  of  organo-

phosphorus  insecticides on  grain has been
described as  undesirable,iS)  because of  possible
hydrolysis. However, it has been shownZ)

that several  organophosphorus  pesticides are

stable  in alcoholic  grain extract  and  that

grain extract,  when  diluted in water,  has a

pH  of  about  5. At this pH  most  organophos-

phorus  insecticides are  stable,  and  even  for
dichlorvos only  a  small  percentage  of  di-
chlorvos  would  be hvdrolvzed after  24hr  at                  u-'

about  200C.i") This conclusion  is consistent

with  the observed  9S%  recovery  of  added

dichlorvos to rice  after  36hr  extraction  in
ethanol.

  Polar solvents  were  required  ior the ex-

tractien of  residues  from cooked  rice,  and

even  the non-polar  pyrethroids were  not

completely  extracted  by  light petroleurn. It

should  be noted  that  the high residues  in
cooked  rice  in Table I were  due to treatment
with  insecticides of  polished rice,  rather  tlian

rice  in husk, and  that such  treatments  with

stablc  insecticides were  not  commercial  prac-
tice.

  Observed losses of  the protectants studied

in this work  during  storage  and  processing of

grains are  reported  in a  companion  paper.
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要 約

　貯蔵穀物中の ビオ レ ス メ トリ ン ， フ ェ ノ トリ

　 ン ， d一フ ェ ノ トリン ， ピレ トリン 豆， カル バ

　 リル ， フ ェ ニ トロ チ オ ン ， ピ リ ミホ ス メチ ル ，

　ジ ク ロ ルボス の分析法の 比較検討

　　　　　　　　　　　　　 J．M ，デ ス マ
ー

チ ェリ
ー

ア

　7 種 の 穀物中の 貯穀害虫防除剤 9 毬 の 抽 出お よ び 定量

法を 検討 した ．ジ ク ロ ル ボス
，

フ ：L ニ ト 卩 チ オ ン
，

メ タ

ク リ ホ ス
，

ピ リ ミホ ス メ チ ル は メ タ ノ ール ま た は エ タ ノ

ール に 12時問浸漬に よ り 36 時問浸漬 の 90％ 以 上 が抽

出され ，ヘ キ サ ソ 抽 出 よ り効率 が よ い ．こ れ ら有機 リ ン

剤 は FPD ガ ス ク ロ マ トグラ フ に よ り定量す る．添加 回

収率はすべ て の 穀物 で 84〜100％ で あ っ た ． フ ェ ニ ト

卩 チ オ ン は 4一ニ トロ
ーo一ク レ ゾー

ル に 加水分解 し，塩 化

バ 丿ウ ム 添加 に よ り精製 し た の ち 比 色定量す る こ と もで

き，こ の 方法 は 2mg ！kg 以 Eの 場合 に 適す る．80 ％ 以

上 の カ ル バ リル が エ タ ノ ール に 12 時閼浸漬に よ り抽出

され る．カ ル バ リル は ナ フ トール と し ク P ル ア セ チ ル 化

し て ECD で 定景．す る か ，
4一二 ト ロ ベ ソ ゼ ソ ジ ア ゾ ニ ウ

ム 塩 を 発色試薬 と した tlCで 半 定 量 す る．ア ル カ リ溶 液

と
．
無水 ク 卩 口 酢酸 の エ ーテ ル 溶液 に よ る ア セ チ ル 化は

95 ％ 以 E進 む が ，4一ニ ト ロ フ ェ ノ
ール 等 の 酸 性 フ ＝ノ

ール で は 水溶液の pH が 当該 フ ェ ノ ール の pKa に 近 い

こ とが 必要 で あ る． エ タ ノ ール ，石 油工 一テ ル ，ア セ ト

ソ で 36 時間浸漬 し た場合 の 90％ 以 上 の L
“
オ レ ス メ トリ

ソ ，フ z ノ ト リ ン ，d一フ ェノ ト リ ン ，ピ レ ト リ ン エ が 石

油 工
一

テ ル 12 時闇浸漬 に よ り抽 出され る．　こ れ ら ビ レ

ス ロ イ ドは ア ル カ リ分解 し，菊酸 と硫酸水銀の 反応 を 用

い て 比色定量す る．添加回収率 は 89〜95 ％ で あ っ た．
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