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JI9 .,.
El Extraction with acetoIle,liquid-liqWd

partitioningwi~ttolewDether/
methylene chlo· e lIOZ-7 1/94

E2 Extraction with acetoIle, J'eJIICW81 ofwater
with 40 g Hydromatrix !OM 1/94

E5 Extraction with acetone, removal ofwater
with !5 g HJdromattbt 302-12 1/94

E4 Extraction with water/acetone, Bquid-liquid
partitioning with pettoleum ether/
methylene chloride 302-15 1/94

E5 Extraction with acetoIle,liquid-liqWd
partitioning with acetone/methylene
chloride lIOZ-IS 10/99

E6 Extraction with _/acetone.1iquid-liquid
partitioning with acetone/metbylene
chloride 302-15 10/99

E7 Extraction with acetone and IOIid phase
extraction caruidga, Iiquid-liqWd

lIOZ-17partitioning 10/99
Cl li10risil column (4 g) deanup, with one

methylene cbloride eluant 302-19 1/94
C2 CbarcoaJ/Cdite/magnaium oDIe c:oIumn

cleanup lIOZ-!l 1/94
C5 Cbarcoal,ISiJanjud Cdite column cleanup 302-ZlI 1/94
C4 e-I8 cartridge cleanup lIOZ-!5 1/94
C5 li10risil column cleanup. with mUed ether

eluanla lIOZ-%? 1/94
C6 SAX/PSA cartridge cleanup lIOZ-Z9 10/99
Determination lIOZ-51 10/97
Confirmation 302-5Z 1/94
001 GLC, l00W, methyl ,glopn-:, iOO" C, EC !ON5 1/94
DGZ GLC, l00W, methyl silmrane, iOO" C, FJ'D.I' lIOZ-55 10/97
DGS GLC, l00W, methyl silmrane, iOO" C, ELCD-X !IOM7 1/94
DG4 GLC, l00w. metbyI siloxane, iOO" C, ELCI).N llOM9 1/94
DG5 GLC, l00W, methyl siImrane, iOO" C, NIP 302-41 10/97
DG6 GLC, l00W, methyl siImrane, l!1O" C, FID !OZ-45 1/94
007 GLC, l00W, methyl siImrane, l!1O" C, EC 302-45 1/94
DG8 GLC, l00W, methyl siImrane,l!1O" C, FJ'D.I' 302-47 1/94
DG9 GLC, l00W, methyl siloxane, l!1O" C, ELCD-X !02-49 1/94
0010 GLC, l00w. metbyI siImrane, Z!O" C, EC !IOUI 1/94
ooll GLC, l00w. metbyI silmrane, Z!O" C, FPI).p !lOZ-65 1/94
0012 GLC, l00w. methyl siImrane, Z!O" C, ELCD-X !IOU5 1/94
0018 GLC, 5OW, phenyl, 5OW, metbyI p"}mrane,

iOO"C,EC !IOU7 1/94

3lD-2 T_.... 2111).1 '1Df'1_----
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/1tIP **0014 GLC.~enyl. 50% methylliloxane.
200"c, !10!-59 10/97

0015 GLC, 50% phenyl. 50% wethylliloxane.
~c,FP1).8 !ONI 1/94

0016 GLC, 50% phenyl. 50% methylliloxane.
200" C, ELCD-X lIClZ.e 1/94

0017 GLC, 50%"renyl. 50% methyl ailemme.
200"c, N !102~ 10/97

0018 GLC. 50% qauopropyIpheayl. 50% methyl
aiIoune. 200" C, EC !OU7 1/94

0019 GLC, 50% cyan~eoyl. 50% methyl
aiIoune. 200" C, !102~ 1/94

SOS: MedIocI n far NuufIIIly FOOlk
Basic: References !I05-1 1/94
Genent Principles !I05-1 1/94
Applicability !I05-1 1/94
Method Modules !I05-1 1/94
VaIidadon !105-3 1/94
HI F.Itraction with lM:CtOIIitriJe. putition into

pettoIewnether !105-7 1/94
E2 Esuaction from~thacetonIuUe.

partition into petro ether !lOU 1/94
E3 Extraction with 55% -.cr/lM:CtOIIitriJe.

JlIII1ition into petroleum ether !JOS.9 1/94
E4 F.Itraction with lM:CtOIIitriJe and-.cr.

JlIII1ition into petroleum ether !lOs.9 1/94
E5 F.Itraction with heared _nIUiIe and

water. JlIII1ition into petroleum ether !I05-IO 1/94
CI floriail column cleanup. with three ethyl

ether/petroIeum ether eIuanll !I05-11 1/94
C2 floriail column cleanup, with three

methyIeoe cbIoride eIuanll !I05-12 1/94
Dettnnination !I05-15 1/94
Confirmation !I05-15 1/94

3M: MJdIa d far I'IIItyFOOlk
Basic Reference llCM-I 1/94
Geoenl Principlea llCM-I 1/94
AppIic:abiIity llCM-I 1/94
Method ModuIea llCM-I 1/94
VaIidadon !04-5 1/94
HI Extraction offat with IIodium 1UIfate.

petro1eum ether !ICH-5 1/94
E2 Small scale exua:tion offat with IIodium

1UIfate, petroleum ether llCM-'1 1/94

T_No. sa»1 110118ll1l)
""""~ 2llllIlo llIIB2I
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19 ...
D Estnction of&t by filtering 304-9 1/94
E4 Exttaction of&t with sohallS from

denahlred product !Moll 1/94
E5 Exttaction of&twith sohenlS !Mo15 1/94
CI AcetonitriJe.pettoleum ether partitioning.

Ftorisil column cleanup, three mixed
ether eluanlS !Mol5 1/94

C% AcetonitriJe.pettoleum ether partitioning.
Florisil column cleanup, three methylene
ch10ride eluants !Mol8 1/94

C5 Acetonitrile-pettoleum etherpanitioning,
F10risil column cleanup, petroleum ether
and three mixed ether eluanlS !Mol9 1/94

C4 AcetonitriJe.peuoleum ether panitioning,
Florisil column cleand:ipetroleum ether
and three methylene oride eluanlS !Mol9 1/94

C5 Gel permeation c:hromatograpby (GPC) 304-21 1/94
C6 GPC, F10risil column (4 g) cleanup, three

methylene cb10ride eluanlS !Mo24 1/94
c::r Ftorisil column (4 g) d:aa'%; _ mixed

ether eluanlS, optional e~ 304-27 1/M
C8 Dilpeilion on alumina, F10risil column

deanup, three mixed ether eluants 304-29 1/M
C9 Dispersion on alnmina, Ftorisil column

cleanup, three metbylene cb10ride eIuanlS !04-52 1/94
Detennination !104-S!I 1/94
CoDfirmalion !104-S!I 1/M

Flpaes
!OI.. Recommended Approach to AnaIJ'Iia ofFooda !O1-2 1/94

!lO2 Recommend'ld Approach: Nonfauy Fooda !102-f 10/99

!105il Recommended Approach: Nonfidly Fooda !lOS-5 1/M

!104-e Recommended Approach: Fally Fooda 5CH-5 1/M
!104-b . DeIhery'lUbe Appuatus 304-12 1/94

'DIbIes

!102-e: RemveryofQoemkals'Ibrougb Method !lO2
(EI..£! + DGI-DG19) !lOI+1 9/96

!102-b: lteccriet, ofQoemkals 'Ibrougb Method !lO2
(EI..£! +C5 +DGI-DGI9) lIOI-b-l 9/96

!102-c Remvery ofQoemkals 'Ibrougb Method !lO2
EI..£! +C5 +DLl) !10k-I 9/96

!102-d: Remvery ofCbemka" Tbrougb Method !lO2
(E2/E! +CI + DGI-DG19) !102-cI-1 9/96
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~ ...
502~: Itecova, ofChemiclls 'I1uough Method 502

(El1E4 +C4 +DU) 502-e-l 9/96
5024: ~ofChemiclls~Method 502

(E7 + + DGl-DG!S, 7, DG10,
DG1S-DG14, or DG16) 302+1 10/99

SOk Itecova, ofChemkaJa 1brougb Method SOS
(El-E5 +Cl or C2 + DGl-DG19) !O5+l 9/96

504-e: Itecova, ofCbemIcaJa 1brougb Method 504
(El-E5 + Cl-C4 +DGl-DG19) !IOf+l 9/96

504-b: Itecova, ofChemiclls Through Method 504
(El-E5 +C6 + DGl-DG19) 5Of.b.l 9/96

!10k: Recovery ofChemiclls Through Method 504
(E2 +C7 + DGl·DG19) 504-c-l 9/96
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301: MULnCLASS MAMS: CONCEPT AND APPLICATIJN

Pesticide mukirelidue methods (MRMs) are capable ~ aimuhaneoully~
jug more than one residue in a IIiDgIe aua1yIII; lhiI mlilihesidue capaN1ky is
prorided by a GLC or HPLC detenninalive stt:p that IepIU1Ila raich-. from one
another before detection. The MRM concept is niIed to a hiper ctimagjop wheD
a IIiDgIe emact is enmined with more tIuin one cIuomaroKnPbic cIetermiuamoI:
stt:p. each providing wuaage of residues in a different iIaII, &g., ch10riDated
h)'drocarbons, organophosphates, and carbmw... PAM I refen to these broIIIl
scope methods. "multidas MRMs.•

A multidas MRM is potentially capable ~ cIetamiDiDK any residue oa........ by
its estraction 1tIlp: PAM 1 multidasMRMs eztract reIiCiuei with 0IpDic IOhaats
known to remove most nooionic residues from food commodities. Each~
natM: stt:p in a multic:Ja. MRM provides coverage for a panicuIar group ~ rai
dues in the extract, and each cleanup stt:p is~ to purify the emact IUfIi..
Dendy to permit accurate determination. A multidas MRM Kheme can be a
panded continually. new technologies are deIIdoped and adapIIed

This introductory lIeCtion P_IS a recommended appn.m to app!kation ~
multidas MRMs and background information with which any amIJIt UIing IlICh
methods should be fami!iar.

301 A:~APfJlCA1UIIa:MULm4$AAWS

Whenever a IlIIDpIe of unknown pesticide treatment biItoJy ill analyzm. and DO
residue(.) is wgered. a multic:Ja. MRM should be \lied to provide the bloadat
coverage ~ potential residua; Figure !O1.. dispIaJs the recommended mullida
MRM for each commodity e:atepy. The more dellliled scheme provided with
each method (Figures 502... !05;a, !J04.a) directs the lUer to J'eOOi",nended
module(.) for partiaJIar commodities. The lUer may chOOM! • many 01" • r- of
these modules • lime and~ permit; once resich_ are a:a1lClied, each
detenninati¥e stt:p _ds c:overage ofthe analysis to additional C)-nl--rods

Follow these directions to maximbe cova.~ raich-. without SKri6dDg quaD
titathe accuracy:

• For brmdest covaage of potenlial raich-.. ""mine dle nndrancod
emact by determinative steps that are suffidendy seIec:tiw: to permit
residue identification and qwmtitalion in the pn:sc:ace~c:o<X1lacduca.

• Following determination by lIelec:me determiinative SlepI. clean up the
oaaa • needed to permit additional detenninations; these may in
chude determinative steps designed for specific groups of raich-. (&8••
from ChaP'"' • methods).

• When a peak appean in dle chromatopam~ dle extract, me the ..
lowing PAM I tables to tmtadvdy idenlify the residue and to cIuoc.e the
additional anaIJ- needed for optimum ideDtificalion. quantitalion. and!
or confinnalion:

I) PFSI'DATA (Appendix I). Cc>u....re GLC teIadw n:tcntion lime (m)
of the residue to IisIs of rrD on seven) common GLC c:ohunns

301-1
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for the lint clue to residue identity. Review method behavior infOI..
mation for additional clues about which potential candida"'(I) be
hava in the same way as the residue. Inject IOlutioDs ofappopiate
reference Ilandatd(l) for comparison to the residue peak.

If retention times of residue and reference smvtanI mavh • DR
PESTDATA infonnation on the chemicaI'l moleatlar fonnuIa and
ila rrla on other c:oIumns .. a guide to seIecdng other cIetanIin.
tions that will provide confirmatory eYideDce. IfadditioDal .w,
are needed, ebooee appropriate other methods from PESTDATA
listings of 1ec:tHeiies, Index to Methods, and tables reIaIed to spe
cific methods, below.

PESTDATA rrla are for GLC IJItCIIII only. Retention times from the
HPLC detenninatiw: steps ofSec:tions401. 4OS. and 404 are indndcd
in the tables that accompany thoR methods. Ute thc.e tables to
tentativdy identify residues found

2) Index to Methods. Ute this lIJIIIIIIlI'Yas a guide to other method(l)
awilabIe for a tentatiftly identified residue. Review method labIes,
below. for additional detaIJs.

5) .Tables !102. !I05. !lO4, 401. 402, 4OS. and 4CM. When a residue is
tentatiftly identified, review method 1llbIes for delaiIs about special
situations that may diminish rec:ovaic:s, opportunities to~
recoveties, need for panicuIar detenninatiw: step(I), ..Decide what
additional anaIJses are neceasary based on this infonnation.

• When llIboJlatc:d information about bebavior of the tentalhdy idendficd
residue iJlcticates that the method used provided only inc:ompIete~
ery.~ the commoditywith another method capaNe of· oo'l"'ele
rec:overy at the residue.

(The analyst should be aware that aD data in PAM I tables re8ect the
best information available but do not guarantee that results will be idr:D
tical in every situation. Data have been coIIec:tI:d for !IO yars from-r
sources, including original method dm:lopment ItlJdies, teUHeltltl&
ies by FDA laboratories, teUHelt mJdies by pestk'..v registt_ and/M
their conuaa Iabotatories, and coIIabor:athoe and ft'Jjdation mJdies c0n

ducted under the auspic:rs of AOAC 1nternationaJ. PanicuIar results
may represent many an.aIyses or only one. may have been pafonned
with or without sample present, through complete methods M through
individual procedures of a method, and with M without DR of lauric
acid adsolption YBlue for norisil column wdgbt acljnstmmt.)

• When the method used has not been pceriously ....idated for the rat
due/commodity combination, devdop the nec c It ft'Mation data.

Inherent in this appro8eb to residue lIiIlIIysis is the~t that no
multiclasl MRM is quantitalhdy vaJid for all residues it is Ix delellj"l.
ThUl,~ by other method(l) is required when a residue(l) is identified by
a method known to be incapable of c:onfitmatory identification and/or TJBDtita
the lICCUI'lIC)'. Demonstration of method vaJidity lor any residue/commodity c0m

bination that is reponed is the responsibility of the analyst using the method.

::a:I01 301
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3D1 8: CAPABII.JTES AMJ LMTATCWS CF MRMS

Several aspectJ of lID MItM influence ilIlOOpe _ a muItic:IaIB medlod: (1) Ihor
ougbn_ with wbkh the emlICtion IOhent and physic:al plOcedwe are c:apabIe of
emacdDg raidua from the IlIIDple, (2) ability ofsuhlequent deaDup tedmiques
to reJDOVellllDple co-eztracIiw:s without remCJVIIIg raidua, and (5) the number of
clifterent determinatiw: ItepI uaed to ......mIne the ellInCt. DurinI( method cleft&.
opment, a raean:her evaluates each step ofa method and mates Choic:a'-I on
optimum performance. Sublequent interlaboratory ftlidadon _ifia that the
method produces accurate results when performed _ wriam.

This edilion of PAM I praents MRMa _ a series of moduIea, in lec"l'lilion of
IlaDdanI pl'llClices in Iabollitories required to analyze many dilI'erent OOIiliiqtlrin
for _y dif[erent potenlial raiclues. Modules praented within the __ IectioD
in this manual were not nec:elllllily developed aI the same lime 01' ." the __
researcher. Module combinati9na that Iune undelRone inledabonlmy ""'idalion
are IilIted and recommended, but analysts may fincf it nee If to combjne 0Iher
modules to meet a particular need. Any I11cb comNnalion IDUIt be MIfIIAX1Ied ."
data that validate its uae in the siDlalion. Steps of lID MItM IDUIt be co-npwn"ble
with one lIDother for the whole method to be applied in a valid_.

This aeaion provides bIIckground informaIion to .... the ana1yIt in -Idncvalid
choices and ll\'Oiding potenlial pitfaJls. Incblded here are ctionnri ... about the
ovenII influence IOhents Iune on method performance and iWpOlillDt inftMua
don about each category ofmethod wodulel (emactiOD, c:Jeanup. and~
tive 1teplI). Analysts combining method modules must be -.e of the following
CODcemI and take precautioDl to enIUJe that only appropliale comJWnaliom are
used.

<lIoice of IOhent(l) II among the WOIt iwpoItant decIrioI• .-Ie ."a rr cher
dneloping an llIlIl)'IicaI method. Analym UIing theae methodIlDUIt aIIo be -.e
of the following coosideratio.. related to IOhents uard in indi¥iduaI DMMb.....

A...., of ...... WI 7 Sohent purity lI_dal to awid porrmiaJin~
encel in the determinatiw: step; impuri1ia are UIUlIIly "Nun U1llled dwing the
evaporation IteplI included in WOIt reridue methodI. JiiPcr purity IOhents~
ably COlt more, and it may be pe-lDJe to uae 1eaI apeDlhe. 10IIer purity_iaII
ifa IOhent reagent blank ......mined ." appnlpIiaIe determinathe *p(I) (SectioD
2(4) IUJlPOl1S their acceplllbility.

Iht!. .., _ to Sule I GLC deu:eton meet in reddue deteiSF+jp....... _ .-e
UIUlIIly Ie1ective for lID element in the anaIJte molecule, au the 6naI _.:1 _
not be~ in a IOhent COPtaining element(.) to wbich the deII:aIII"(l) ~
1pOnd. For ......mpIe, no tIace of acetonitrile can be paent when a n1n...-
Ie1ective detector II uard, and no methJlene cbJoride when a baJotrIHeIeethe
detector II used. HPLC detecton commonly uard in reridue determination~
~ uae of~ts that absorb IN light 01' f1uoIace aI the _elc:ngth uaed
during delelllllll"l'OD.

Sohents can adgenely affect deteeton in other ... IUcb _ the cIeIetaiouI
but poorly defined etrect acetoDiIrile hal on e1ec:troc:oDduaty deIecton.

Tc_..........' "11M)----
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Experiences with such eIfecu are usually nOled in a method so use of paniculIr
sohents can be awided.

Fo1IialtJ. Inaeasing the po=~:,anatIaetion soJw:nt may improve a method's
ability to extract particular· but it usually also ina IS the amount of C&
extraetM:s. The presence of polar sohents may also affect .w-qumt cleanup
steps, so residues may need to be lJ1IDIferred to a different sohent before the neKt
step of the method is performed.

...... PoiDt. Sohents with a low boiling point are parned. if ewporatioa to
accommodate detector compatibility or appropriate poIari1r is ne< 'Y. In some
cases, a sohent with a relatively high boiIiDg point can be eapmated at a Iowa
temperature ifan azeotrope is first formed by addition of another sohent. SeteraI
types ofevaporation apparatus exist (Sec:tion 202 C), and choice ofwhich to use is
Often related to the boiling point of a particular sohent.

TUlddl.,. SoJw:nll vuy in tmddty, and laboratories should choose the least toDc
among equivalent choices. Cenain soJw:nll (benzene, c:ariJon tetrachloride) sbouId
no loop be used in n:sidue analysis. Concentration and ewporatioa steps __
be performed in an adequately -ventiJated hood, and other IIaDdard IlIfety~
tions must be followed (Section 20'1).

Emacdua

The nec:essity of using WlIleMDiIdhIe sohenll to atIat~raid1xs &om
high moisture producIs has long been eIlabIisbed, as has die necessity ofa "bIeDd
. type" atrlICIion [1-4]. Acetone (Section !102), acetonitrile (Sectioa
;\), and methanol (c:. 401, 405) are used in PAM I mllbid_ and seIectiw:
MRMs to extrat nonionic: residues from fmi1I and vqerahles. VarialionI in polar
ity may affect the degree to which each can extract any panicuJar residue [5-8].

BecauR extratlon eapabi6ties of these soJw:nll are 1Iimilar, other~
affect which sohent a deoveloper chOOllel to use in a method. For eaM"'I"e,~
open of the method in Section !102 used acetone as eKtratant i_eM of .........
triIe (Secticm !lOS) becauR it is less lODe:, has a lower boiling point (5'1" C SZO
C), does not affect deteeton athetsely, and does not form a two-phase IJIteIII with
water during IIIIlII,.a of fruit, as acetonitrile does [9].

Liquid-liquid )lIIltidoning of residuel from initial atI......t to~ sol
-vent is a step common to .-MRMs. Nature of the sohent(s) used in this step
affects the degRe of transfer of both residues and c:o-eldI'llC:th For ......mple, in
Section !102 EI, petroleum ether is included in the separator with lIqlIeOlII acelDDe
and methylene chloride to reduce the amount of poJar plant 'onMi...enll that
panition into the organic phase. Roucia, in a method lIlIriation 1lIIJCfCd at the
highly polar methamidophos, petroleum ether Is replaced with acetone to im
prove partiticming oflDf'thMmidophOl from the aqueous to the organic a,cr [10].

Any MRM Is applied with the undentanding that eenain residues are pudculuIy
difficult to extract, &,., the poJar residue methamidophos, abcM:. In Iucb cases,
notation of putiaI recovery is made in the table(s) of dala that IKaI"II'MY the
method descripIion. Tenlatiwe identification of a n:sidue known to be inc0m
pletely extracted by the method in use should then lead to I'CoIIIIa1JIis by another
method or wriation.

SECIUI 301
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Cenain commodities also present greater cbaIlenga to diean~_,and
medlods may include special steps _ lID accollllllOdatioo. Dry De el[

tracud with combinations oforpoic: IOhent and water to IIIlIke up fur die aJweuce
ofwater in the commodity iIXIf. Sevmd '",dies IUppOn the me ofwater/llCefODi.
uile (section !lOS Ell) fort~ [11-13]. Water/acetone (Seclioa !lO2 £4) iI
also UIed but baa been fo in some cases to extI1ICt lea raidue tblIII water/
acetoniuile [14, 15]; the l1IO methods should be UIed to cheet one lIDothenrhen
a raidue baa been identified that can be detemlined by both metbocb.

Extraction of residues from fidty produclB (..g., Section !lO4 EI-E5) baa tradim-.
ally been aimed at nonpolar, IipophiIjc reIldues, which De readily CIltnI£ted from
the product when the &1 iuelt isanaeted. Currently, no method iI a-iJaNe in
tbiI manual for quantitathe determination ofpolar reskh.... in fauy produaL

Some raidues ahsorbed from 101I by plan.....,. dieklrin in pocarews.~ been
shown to be incompJetely extI'aCted by medlods such _ Section m (15); adler
root-llhsorbed raidues (..,., diekIrin and DDT in canOlll) hate been ana:ted
completely by the same procedure [16, 17]. Uboratories analyzina root aopI
must be aware that the method may not be emacting aD the °nsiiiue praeIlt.
Other, more exhaustive procmes, such _ me ofa Scmhlet eJltnICtor [18], Day be
necessary if the raidue or commodity wammlL

n '._

Oeanup steps are designed to purify extI1ICtI to pamit _ definiriw: idea...
don of .....dct..es at lower limils ofquantilation, aDd to minimioe .dwiie eIIilalI OIl
determinative step insuwnentadon. HOM:¥eI', .1_ aD cleanup iitep8~
delIuoy, or othennse Jt:DlOW at te. some residues from the an 'Ibm, cleanup
may reduce the number of detec:table raidues in the final em....

Schemes for muJlicM MRMs attempt to determine _ IDiiII)" J'f"Ild!Wa • poas!bIe
by examining uncleaned ezU'iiCllI witlI selectiw~_&8" Dame """,,-ic
and electrolytic conductivity (GLC) and fluoracena: (HPLC). aeanup can ___
quently be performed on die exttaet to permit determination with lea aeledhe
detectors, ..,. electron capture (GLC) or IN (HPLC). Ule of lema! de nnp
... each on a separate aliquot of ewaa, pennie. enmin.lioa of each aliquot
widl a difl"etent determinative~. This approach provides Wte1¥ fur the JDDi.
mum number of n:sidues, eKIuding only thOle not n:c:ovued from aay cklIIIup
step and also not determined by initial seIec:tiw detectosL

Residua can often be detected but not reliably quandlaled in lID U""¥e wd el[

lI1lCI; quantitation may be possible once the anal iI cleaned up using • eech
nique known to rewoer the panicuIar raidue. Other raidua can be qnanm.
lively meaaured only by re-enalJIis with a different emKdon step. Tablesof-.
ery data for each method provide the .n'Zm~weinfomwlioato guide the c:hoia:
of lID appropriate cleanup technique or . method.

301~

Many cleanup iitep8 invoM: chromatography of the anal IOIulioa 011 • column
or c:artridge. Choices of the co]IJI""/c:artridge -mal and eIaIing sohent(l)
dictate what chemicals can be rewvaed; .., .. columns of the adsodient DorisiJ
provide suitable cleanup of relatiwly nonpoliIr residues (SecliIH. !lO2 Cl, !lOS CI,
").lncreasing the polarity of the eluant permia reWteI, of_ polar,..;clues
but dt;Creiilei the degree of cleanup, because more co-extIacli.... are also eluted.

_No. ....,"1IMI----
tz.--



Very polar residues usually cannot be eluted from F10rilil no IIIlUIer bow polar an
eluant is used. In_d, cbarcoal columna are often used for deaning up exu_
containing polar residues, ~g.• Sections 30% C2 and <::5.

The nab1I'e of the IONent in wbic:b the eld1'lICt II diIIohed when placed OIl a
cleanup column may affect which residues elute from the column. Rewtei, data
ltlIOdated with a method are wJid onIt when the CXbaet II in the specified MIhaIt.
When combining method modules, the eld1'lICt added to a cleanup co1umn may be
in a SOMmt different from that originally specified; in IIUCb C3IeI, r__, data
may not be applicable. To make \lie of existing tables ofdaJa related to cbemkah
recooeted through a method, it may be neasal}' to change the exuaet MIhaIt bt
ewporation or azeotroping.

Use of minimal cleanup in an MRM reduces anaIJsIa time and ragent~ but it
can jeopardize detenJlinathe step reliability bt introducing urea:tla:tiws that in
terfere with the determination or cause pbJaical damar- to the IJIlmL Praenc:e of
DWeriaIs to which the detector RlIponda can cause (I) false reports of J"idws
not aetuaIIy present, (2) inaccurate quantitation ofresidues, or (3) oompkte ......
ing of residues Risk of chromatographic degradation is inae.ed bt lepelithe
injection ofan uncleaned e:xtraet.

The analyst using methods from PAM I is RlIponsibie for eJIIlIring that exuaet
injected into any detenJlinathe step .,..em does not contain poteDtial in~
enca or DWeriaIs that amenely affect cbromatograpbic petformance. Sel liMa
501 C and 601 E provide recommendations related to determinatioDI with GLC
and HPLC SJSteDIS,I~. AnalJiical aceuraq and minbnal disauptiOD of
laboratory operations will t if re.cr:WLe \lie of cleanup Itep8 and rquJar
mainknance of instrumenIB are both empJoted.

In certain C3IeI, spc:daI precautions are needed to detect pmticuIIIr residnes For
example, tbiOmetoD is mown to break down wbiIe DOOinlJ in the eld1'lICt 8OIutiOD
of Section 30% EI; examination of the eJLbaet lOOn after lIB paqmatiOll pc:rmils
determination of tblometoD residues that would not otherwise be delectable Notes
are included in the method tables of data to provide IIUCb advice.
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302: METHOD I FOR NONFA11Y FOODS
BASe ,VULIICS

Luke, M.A., ,,01. (1975)]. A.aDc. OJ/. AIIol. a-. 58, 1010-1026

Luke, M.A.."oL (1981)]. A.aDc. OJ/. AIIol. cu.. 6f, 1187-1195

fDERIIL PRN:JPI.ES
Raiduea are c:maa.ed from nonfatty fooda by bIendlng with acetooe or~/
acetonc, then IrlIDlI£crredfrom thc filtered aqucouaCllb'llCtinto0IJlUIic1Ohalt.1bc
Cl<I1'llCt is cleaned up ifncccaary and eumined byvarious cIctenniDaIiwe ItCpI; the
amount ofcleanup nec ry ia diewed by thc dcterminathoe 1tep(I) to be used and
by thc type ofcommodity being analyzed.

nonfatty, high moiaaIrc
commodities

a1tenJaIhe to E2 for
reduction in IOhaltnac

a1tcrna1he to El
for rc1aliveIy po'"
reaiduca

a1tenJaIhe to E4 for
rc1aliveIy po1ar
reaiduca

ConauIt Guide to PAM J for additional infonnaIion pcrdncnt to the appmpriale
applic:alion ofmultiuillduc mcthodoloRYo

Mcthod Is app1icabIc to nonionic residues in nonfatty foods. <lcanup IlepI may be
needed for particularlydirtyCXb_ or for euminalion by1caIlClcetive dctedon;
some reaiduca may be lost duringd~Eurac:t Is _able to euminarion by
many determinaIiYe steps, and thc 0 covered by a p8rtic:uJu" anaIyaia are
dcpcndcntonthcnumbcrofdiffcrcntdeterminaliYeltepl uacd.SccTablca!102«and
!I02-b, foll-mg thc method dcacription, for raul.. ofrewtCly-.

METH:D MUlfS
ChOCMC from thcac method modulca, uaing Figure llO24 for guidance-

Em....... (E) .8: W u.e
El (p. 302-7) EDraction with acetonc,liquid-liquid nonfatty. high moiaaIrc

partitioning with petroleum ether/ COIIIIIlOditica
mcthylcnc chloridc

a (po !M-9) EDraction with acetonc, removal of
_with 40 g IIJdromatrix

D (po !M-11) Eurac:tion with acetonc, removal of
- with 25 g HJdromatrix

a (p. 302-15) ExblM:tioD with -/acetone,
Iiquid-liquidp8I'Ii=with
petroleum ether/me cDC cbJoridc

E5 (po 302-15) EDraction with acetone.
Iiquid-liquid p8I'Iitioning with
acetone/mcthy1cnc chloride

• (p. !M-16) Extraction with ~/acetonc,
Iiquid-liquid p8I'Iitioningwith
aceronelmcthylcne chloride

E7 (p. !M-17) EDraction with acetonc and
solid pbaIe extraction c:artI1ttididgeilolllil,!S
Iiquid-liquid p8I'Iitioning

I~
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ChM'I'(C)

CI (p. lI02-!I)

a (po lI02-!3)

CS (pol102-!5)

Cf (PI lI02-!7)

C5 (po lI02-29)

~ C& (po !O!-SI)

De.... h 'h'(D)

00 I (PI!lO!-S5)

OO! (po lI02:$)

00 S (PI lI02-S?)

00 4 (po !!O!-59)

005 (po !OMI)

00. (po lI02-4!J)

00 7 (po lI02-45)

00 8 (po lI02-f?)

00 9 (p. lI02-49)

0010 (p. !lOUI)

0011 (po !lOUS)

0012 (pol102-55)

OOIS (po !lOU?)

Ftorisil column (" g) c:1eanup, widl
one meIhylene c:blOride eluant

Cban:oaI/Ce1lte/magnesium oDIe
column cleanup

Cban:oaI/,"aniRd Cdite column
cleanup

CIS c:artJidge cleanup

F10risil column cleanup. widl
milled edler eluanlll

SAX/PSAc:artJidge cleanup

Ret ,.....u..
GLC, 1110'-' methyl sOcmme
column. ZOOO. EC detector

GLC, 1110'-' methyililoDne
column. ZOO·. FPD-P

GLC, lOOW. methyililoDne
column. ZOOO. £LCI):X

GLC, lOOW. methyl siloDne
column, ZOOO. EJ.CD.N

GLC, 1110'-' methyl siloDne
c:oIumn, ZOOO. N/I'detector

GLC, 1110'-' methyl siloDne
column. 160". F1D

GLC, 1110'-' methylliloDne
column, IW, EC detector

GLC, lOOW. methylllilaDne
column. IW. FPD-P
GLe, 1110'-' methyl silozane
column, IW. £LCI):X

GLC, 1110'-' methylllilaDne
column, !!lOG, EC detector
odler moieties

GLC, 1110'-' methyl sOcmme
column, !!lOG, FPb-P
GLC, lOOW. methylsiloqne
c:oIumn, !!lOG, £LCI):X

GLC, 5OW.~:t' sow. methyl
siloDne co , ZOOO, EC deteaor

beforeHPLC
deteinrinarion fOr
Nmedlylcaal._

beforeHPLC
determinaIion fOr
Nmechylc:arfw_

rdaIheIr IlClIIpOJar
raid'_

polar raichxs

raichxs wiIh rdaCJFD
01" phoIphorus

biphenyl.
o-pheuyl(ohemI

eadr eIu!ing..:oPt"'"
wiIh baJoFn, 1UIfur,
other moieties

eadr .....tin& raichxs
wiIh phoIphorus
eadr eJndng , .....heI
wilhlWopn

lite eJminc I ....• ...
wiIh pbOIpbotua
late eJndng,....;due
wilhlWopn
,....;due widl haIogoen,
1UIfur, other moieties

1'-
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0014 (p.!02-59) GLC, 50%ct'50% methyl
Iilozane co 200". FPD-P

0015 (p. !IO!-6I) GLC, 50% l::t 50% methyl
silODDe co 200". FPI).S

001& (p. !IO!.a5) GLC, 50% l::t 50% methyl
siJoDlle co 200". ELCD-X

0017 (p. !IO!.a5) GLC, 50% ~:!' 50% methyl
silODDe co •200". NIP
detector

0018 (p. !IO!-67) GLC, 50% C)'lIDopropyIphenyl,
50% methyl silODDe column,
200". EC detector

0019 (p.!02-69) GLC, 50% C)'lIDopiopyiphenyl,
50% methyl silODDe column,
200". FPD-P

residua with phosphorus

raidt_ with Diaagen
or phOlphorus
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OO1D DS8
ppCl.'lIids~

302-4

DG2/14
063/16

DG41!5/17
0015
0012

I'lISidIIBS
dBtectaIlle

with
eIemlIIe
sela:'.
dBI&:tllS

E1JE5 E2IE3 E41E6 E7

I

~
C6

I
lh1

D&I!
D88

1JS14
1JS18,...............
••••, ..

•...A ••

"
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VAIIl47DV
Many combinations of method moduJa are pewolR. The fol1owiDg combinptjons
haw: undergone interlaborarory wJidadon and are recommended for_:

El+ooI,DGS

Validation lepDit

SawF, LD. (1985)]. A.ac¥. OJ!. A_ CM& 18, 64-71. CoIIaboradve Iliidy
lead-ingtoAOACofIicilllfiDalllCtionlllalUlforaceplwe,a-BHC,chloapyIifo..
dieldrin, monOClOiOphos, and omethoate in 1cuuce,lItiawbenies,ana-_
toes.

AOAColIidaJmethodleference: OffieittlMIIWstfA.."..tftINAOAC(l990)
15th eeL, 985.22.

El+CS+OLl

Validation report:

PanIue,J.R. (April 1987) "Recoveries ofN-Methyl QIrbamatrs Using a C0m
bination of the Luke (PAM I, 23204) and KiauR (pAM 1, 24U4b, 242.25)
~ocedwa,'LIB !l1!l8. IDA, RocbiIIe. MD

EZ + CI + [temperature proP'81DiDed GLC .,.mu eqtahal_t to)
001.007.001......001.

Validation report:

Griftla, K.R., and Smrik, MoM. (Sept 1989) "The AnaIyms of 127 TOlaI Diet
ltellll for Chlorinated Residues Using Luke/Solid PbaIe Emacls,• LIB!I!I66,
IDA, RocbiDe, MD

T_.... l!llln1 (1011_
FcrmRIA _t1V1121

"
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E1 EX1RACTDII WITH AJ:E1'CX'E, LDLJ1D.l..IQ( fCJ PARTTTDIN3l1111TH
PETFD.EUM ET1£R/ftIETfMBIE CH.lEIf:E

Luke, M.A., • tJl. (1975) J Auoc. Off. AIIIIL a... 58, 1010-1026

Luke, M.A.,. tJl. (1981) J Auoc. Off. AIIIIL a... M, 1187-1195

Pl. rip'?

Nonfiltty sample is blended with acetone and fIlwed. MOlt _ionic I'eIidua are
extracted into~ acetone IOlution. RaIdua are tranl£eued from aqueous
acetone to methylene cbloride/petroleum ether by partitioDing, with aIt added to
aqueous IaJ'er after the fint partitioning to aid tranII'er. Concentrlllion step is
repeated in the presence of petroleum ether to remow: all IllIaS of methylene
chloride, then repeated again to produce final eKUlICt in acetone IOlution.

Appw8lla

blender, high speed; ezplosion-proofWaring BIendor,I qtjllr

BUchner fuDnel (BUchner), porcelain, 1% em diameter

filter paper, Sbart Skin-, to fit BUchner

Iong«emmecf fuDne1, g1aD. ." diameter
Kudema-DaniIh concentrator (K-D), 500 mL, with Snyder column, two-bd
miaoSnyder column, graduated receiving 8aIt

separatory fuDnel (sepuator), 1 L. ...
acetone, cIiItilled &om~ apparatus

boUing cbips, zo.!O JDeIb carbonmdum

gIaa woo1, Pyrex. see Section 204 for b""dJing dhectiolu

methylene chloride, diIti1Ied from~ apparatus

petroleum ether, diIdlIed &om~ apparatuI

sodium chloride, reagent grade

sodium 1IUIfiIte, anhydrous, granular, reagent grade; see Section 204 b
band1ing cIirec:tionI

Dhedh_

• Pre b filter paper with acetone to remow: c:oInamlnanlL

• Weigh 100 g chopped or blended Ample into blenderjlIr, DI ZOO mL
acetone, and blend %min at high speed.

• Filterwith IUCtion through 1% em BUc:lmerfilliedwithSbart:n~
col1ect eKUlICt in 500 mL lUaion f1aIt. FiltrlIIion is nonnalIy in
<1 min. Continuation ofvacuum for excesme period can reduce volume
ofeKUlICt and c:lIUIe error in c:alculation.

• Place 80 mL IlUIIP1e aIJKt in 1 Lseparator, and Dll00 mL petroleum
ether and 100 mL methylene chloride. Shake vlgoaOdl1y 1 min.

• TranI£er lower aqueous IaJ'er to second 1 L sepuator.

302-7
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• Dry upper Iayoer oftint.eparalOl' by JIIIIIiDIr tbrouP about 1.5" ..n"m
suIfiue supported on washedII-wOol in ." fwme], coIJeaing in &D. (If
emaawiJI"'be cleanedupdirKtlywith ClI. c:barcoaI/CeIite c:01umD, collect
in VlICIIIJIII rotary evaporator fIask.)

• To separatorwith aqueous phase. add 7 g 1I0dium chloride and IIbUe
Yigorously !lO IeC until DlOlIt of the sodium cbIoride II cIilIlIoIged

• Add 100mLmethylene cbIoride.1IbUe 1 min. anddry lowa'orpnIc phase
through _ sodium suIfiue.

• Eztnctaqueousphalewith addiliooaJ 100 mLmethyIenechlorideanddry
all above. RInse sodium suIfiue with about50 mL methylene chloride.

(lfatraetwlllbedeanedupdiaecdywithcs,plI'OCICCllItoCODCCDtrlIIionlltep
described there Instead ofevaporating in &D all folJow.)

• AddboIIIn~ to &D and CODCCDtrate IIOhent in &-D;-.tewporaIion
"owlyby p . g only receiger tube into __ After 100:150 mL baa
evaporated,concencratormaybeesj'"lled to When liquidlevel
in hot conceDcrator tube II about i mL, add 100 mL petroleum ether
through Snyder column and reconcentrate to about 2mL. Add 50 mL
petroleum ether and repeat concenll1ldon step. Add 20 mLaaetone. and
reconcentrate toabouti mL. DonotallowlI01utIon togotochyness dwing
anyofthe concentrationstepI.hljulItvolume ofatraet tosuI1ahle definI1e
volume with acetone.

• Calculate equivalent Ample ftight in finalllOlutIon:

mg sample equivalent 80 1
-IOOx x-----

pL final atraet 200 +W-10 mL final ¥DIume

where:

100 - g lIlIIIIJIle lIIIlI1yzed
80 • mL filtered eztt8Ct taken for lIquidoIiquId panllioaing

200 - mL acetone blended with 100 g lIlIIIIJIle
W=amount (mL) of_ptelentinAmp!e (Seclion 201;lfdllla1lRDOt

awiJable for puticuJar raw agricultunl c:ommodIty. me 854J»

10 = lIl!jnll'meDtforwater/acetone volume contlYrioRJ

nn.. when lIlIDIple containl854J> water (85 mI./loo g) and fIDal anal
volume II 7 mL, ead1111. conlllim:

80 1 U5mgw"'IJeequMlent
100 x x-=

200 +85 - 10 7 pL final esuaa

• Eztnct may be lIUilllble•• ill, for determlnadon by GLC with adecdw
detecton (..g.•DG2.DG5).lf~infeiferewithdetenninallo.n or
aIhoenelyalfect chroJll8Ulll8Phy. dean up atraetwith Cl.a. orCSprior
to determiJwion.

• Clean up atraetwith Cl orCSprior todetermlnadon byc:1c:uaua c:apcure
(DGl.DG7.*-)orf1ameioni?llricmdeteeton(DG6).Cleanupeztt8Ctwith
ClIor~¢orto~nbyOClfor~

~I



S:CIOI 3J2

E2 EXTRACTDV WITH AlE1'f7E. JB,«)VAL a= WA7Bl WI1H
40 GI-IYCRNATRIX

Relet....

Lule. M.A.. " til. (1975) J. A.sst¥. Off. AlItIl. CML 58, 1020-1016

Lule. MA. " til. (1981) J. A.sst¥. Off. AlItIl. CML M, 1187-1195

Hopper. M.L. (1988) J. A.sst¥. Off. AlItIl. CML 71. 751-754

PaL ryles

Nonfatty sample iI blended with acetone and fillem1. Molt nODionic raidues an:
extraetedfrom non&ttyfoods intoaqueousacetonesolution.WlIIa'ii ranovedfrom
aqueous acetone solution by paring it through a column of IJMriaDy ueated
diatomaceous earth (H,moIDlltlil:). Residues an:~ from column with methy1
ene chloride. Up to ISoS mL water. from 40 mL aqueous acetone Cldradlmt, is
adsorbed by the column, which iI re-ulIlIble.

Appwa....

blender. high apccd; expIoaion-proofWaringBlendCll'. I qtjar

BUcbner funnel (BUcbner). pon:elain, 12 em diameter

fiItcr paper. SbarIt Skin-. to fit BUchner

chromatogIaphic column. 25 DUD id x 500 mm, Teflon IItopCOCk

Io~med funnel, p..." diameter

paMIcr funnel, p.. ." diameter
Kuderna-Danish conccnaator (&I). 500 mI.. with SnJdcr column. bIOobaII
JDicro..Snyder column. graduated reccMng f1aIk

1Iiewe. No. 50

• g d

acetone. «tiatiIIcd from aJl.sI-~
buffersolution: 0.1 M (15.6gIL) po'lIaainm pbosphate monoo.ic: (KIf/O.>
in water

HydlClUlatrix material (pcBcmcd d'atomaecoua earth). Part No. OOl9-8OO!l,
Analftichcm Internationa1, Harbor Cit¥. CA; also -oabIc tbrough Varian

mctbylc:ne chloride. «tiatiIIcd from aII1JIa' apparaIU7

pocaaaium phosphate monobasic, cerlified ACS grade

wire gB1J2e. 40 mesh minlcaa steel

••tL_

• Prepare Hydromatrix column:

- Cut two piccca IlaiDIcaa steel gauze into dn:Ics ofd!lmcta' alighdy
largertban c:hromatognpbIccolumnld. Placcone dn:Ic in boaomof
coIumn.

- PIacc 50g H,moIDlltlil:materialon No. 50 IIieweand Iievc thonJugbIy
to remove fines.
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- Pour 40g~I" . _rial intoCQhmm with md ofpowder
funnel Tap end Iumn lightlyon beDc:htop to settle IIIlIterial. PIaa:
second staiDless '" . gauze circle on top of IDlIferiaI in oohmm

I ';;

- With scopcock ,~. -.h column with ISO mL baIrer soIudon.

- After buffer i I has~ into column and &ow has sI.-I to s.5
mL/mIn, .-h with lIOO mL acetone. hljust &ow to 5().«l mL/
min after first 1 acetone has elull!d.

- Wash columnwill~mL methylene chloride. Ie.~ flow to 5().«l
mL/min after fuill!lO mL methylene chloride has eluII!d.

'''",'
• Prewash fl1ter~ acetone to re_lII'tifaaa.
• Weigh 100 g ch i'" blended sunp1e into bJenderjar••1200 mL

acetone, and blend at high speed.

• FJlrerwith suc:tion 12 an BUchnerfitted with SIwt Skin·~
collectextract in medon flask.FDtradon isnonnaDycomp!ete in <1
min. Continuation for exeessm: period can reduce wIume of
extract and cause in calculation.

302-10

• PleA b Jt,dnJ>JDlI1tl
methylene chloride

• Place &D under co
cban:oal/Celite co
fer 40 mL filtered
column until80w
min at <1 mL/min.

• Add SO mL methyle
column, addanoth
column. add ano

• Collecteluateuntil
Total e1uIion tinle •

.~=~with~· 200 mL acetone fon. "cd by 200 mL
~ before each me. DIscard --.101w:n..

(Ifextract wDI be c1eanc:d up dbecdy with C5,
•collect in VlICUUIIl roauy evaporalOl" ffasL) Trans
e extract to top ofcohmm.l.etexu::m::.::
slowed to<1 mL/min. Let column 5

~ric'Ie to column. After that has,-, into
mLmethylene c:hloride.After thatbas I ed into

mL methylene chloride.

bas deer Ened toslowdrlp (about1 mL/mIn).
min.

lupdbec:dywidaC5,proc:eedtoconcenll"alioa*p
·orewporadDg in &D • foIIow.)

·,1UId COMaIttate I01w:ntln &D; ane.SIflOI:IIioo
, tube Into steam. After 1~ISOmL bas
"'beell...oo to_steam.When1iquidle9d
i,ls about 2 mL, add 100 mL peII'OIeum ether

· d IftOIICeI1trate to about ZmL Add 50 mL
· .; c:oncentradon step. Add 20 mL acetone. and
~Do notllllowsoludon togo toch" ess during
l*fls.hljustwIume ofe&UlICl to .rita1Jledefinite
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• Calculate equivalent sample wdght in final solution:

mg sample equiw1ent 40 I-=--.:.---:.-- ~ 100 x x -----
1&1. final extnICt 200 +W - 10 mL final WlIume

where:

100 ~ g Ample aoalyzed

40 ~ mL filten:d emact taken for IfJdrotlllUrix panitioning

200 ~ mL acetone blended with 100 g Ample

WE amount (mL) ofwater present in Ample (Section 201; ifdaIaare
Dot available for pudcuIar raw agrkultul'lll commodity, me 85W.)

10 ~ acljustment for water/acetone wlume contraction.

Thus, when ample contains 85W. water (85 mL/lOO g) and final eabat
volume is 5 mL, each J.LL contains:

40 I 2.9 mg sample equlYaIent
100 x x - ~ -_.:.---:.-....:...._-

200 +85 - 10 5 1&1. final extnICt

• Extract may be IUitable, • is, for determinadoo by GLC with Idecthe
detee:ton (&,.,002, DGS).lfc:oearactiw:s inteJfere with determinalion
or advmIely affect duomatography. clean up ClLllat wilb CI. C2, or C5
prior to determinadon.

• Clean up eab-=t with CI or C5 prior to detenninadon by e1ecIroa
capture (DGI, 007, IIe.) or tbune jonizad.;m detee:ton (DG6). Clean up
emact with C!l or C4 prior to determination by DLl for N-aM:1byJ.
carbam:atel

• 1le-uRHJdromatriz column wilbouttUnher riIIIIng. un1eIImyadlodled
colore1u_from column (afterabout20_).When lbisoc:cun,t-.e
column • followa:

- Do Dot c:hange stope:od letting. Flow I'lIIe wiD c:banF due to
dif[aent IOhmt densities, but Ibis is ofDO COIIIeIq1ICDc:e.

- Wash column with 200 mL acetone, followed by -dlirientwIume
(200-300 mL) buffer solution to reJD(JW; my color left OIl c:oInmn.
Once color has been IeDlOIIIed, elute with 500 mL _ folio $ ed
by 200 mL melbylene chloride. Column is now ready for JeoUK.

&:CIOO 302
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ALTFFINAT1IIE:

E3 EXTFlAC1UII WITH At::ETaE. IB«JVAL CF WA1ER WITH
25 GHYDRClMATRIX
ltefa......

Palmer. R.E.. and Hopper. M.L (Nov. 1991) "MiDJaaJriaed Solid Pb.e PIInidoD
CoJumnforDetermination ofOrpnochlorineandOrpnophoIpbaIe..................with
PAM I 2SU (Luke procedure) Aa:tone Filttare: LIB MIS, IDA, RocbiIle. am

Smaller size coh1mn ofHydrollllllriK reduces IIOhient _ by 4OWlova-E2. while IIiD
removing water from lIlIIDe amonnt ofextrlICL HoweiCi.101ution elu1ing from 25 g
HydroIIIlIlriK column may be cloudy. probably from a IIIIlIII amount ol..ra; this
disappears during concentration. The 25 g column may aIIo~ a shorter Ilfedme
than the 40 g column. Raults using the 25 g column maybe _what Jaa reliable
for certain cbemirak; ,-,•• p.p'-dicofol and dicloran an: recoteied Jaa ieprodnobly.
and >0.4ppm mrtbamidophos maybe onlypaniaDy rcw.ued; eIuIioo with!OO mL
methylene chloride permits compIete recotei7 of the latter.

DIa ctL_

• Fon- directions ofE!. acept:

- Prepare Hydrolllllti'lx oolumn from 25 g materiaJ hwewt of40 g.
- Paewash HydroIIIlIlriK oolumn with 100mL acetoDe followed by 100mL

methylene chloride immediately befoae each _.

- After liUIIfening40mL filtered acetoue ellttlICt to top ofcohamn, eIutie
with 25. 25. and 150 mLmethylene chloride. il"ie'M1 of9Olumcsmeet iii
E!.

- Becauae amount oforiKiDallllliilJlle and amount offiltered_
ellttlICt traiIIferred to HydrollllllriK column an: the lIlIIDe • iii E2. mg
sample equivalent is the lIlIIDe • E2.
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E4 EXTRACT1J'J WITH WA7BVA£ElJ\E. LQfD.l1QI.1IJp~
WITH PET1D.B.JM ET1-ER/1tET1-M. t:H.L:R:E

aeraeau::

Luke. M.A.. and Doooe. G.M. (1983) BulL EIIfIinIlI. e-' F TIlIZiaJL N. 116-116

Pah -If!'.
Low moisture nonfany sample is blendedwith 55" _/acetone and filtered; !be
presence of water in the exttaaant facIIitatcs exttaetion of RIidues from !be dry
productanddilutes~MOItDonioDicraiduesareeldl'adedintoaqueous

acetone oolulioD, Raiduea are traJIIfen'ed from aqueous acetone to orpnic: IIOhalt
methylene chloride/petroleum etherbypartitioning,withsaItadded to the aqueous
• after the first partitioning to aid transfer.

Appu-

blender. bigb speed; expIOIIion-proofWaring BIendor. 1 qtjar

BUchner funnel (Biidmer). ponzlaln. 12 an diameter

filter paper. Sbarltstin·. to fit BUchner

long«-'DD'':'d funnel, p.,." diameter
grinder, IUilabIe for reducing dry produc:lI to <20 mesh

KndenJa.DaniIb concentrator (KrD). 500 mL, with Snyder column. two-b8II
miaoSnyder column. gradmlted receiving f1aIk
separatory funnel (sepuator). 1 L

R , ......

acetone, diIdIled from a1J.gIaD lIJlPlIIlIlUS
boiling chips. 2O-!IO mesh carbonmdum (optional)

P.wooI. Pyru; tee Section 2M for handling c:IireaionI

methylene chloride. diItiIIed from aD-gIaa apparaDII

petroleum ether, distilled from a1J.gIaD apparatus

sodium chloride. reagent grade

sodium sulfate. anhydrouo, granuIIIr. reagmt grade; lee Section 2M for
hand1ing directions

55" (v/v) water/acetone

Dila tle••

• PleA ± filter paper with acetone to._aulfaClS.

• Grind sample CODIlIining <10" fat or 011 to <20 maIL

• Weigh 15 g ground~e into blenderjar. add !J5O mL 55" water/
acetone. and blend 2 DUD at bigb speed.

• Filterwith lIUCIiOD through 12an BUdmer fIued with Sbarlt~
collect exttaet in 500 mL lIUCIion f1aIk. FiIuaIion is nonnaI1y in
<1 min. Continuationof_forerceosJw: period ClID redooewlume
ofexbaet and cauoe error in ca1culIuIon.

• PJaceSOmLllliilpleexbaetin 1LsepuatorCIODiainingl00mLiiii:tIitl<ne
chloride. Add 100 mL pettoleum ether and ±like vigorouoly 1 min.

T_.... an:>t (tOltllllll
Fann Rlllllll5ollll92l 3J2-13

.......'2$....
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P rl 'he ANI; ... MIruII vti. I

• Transfer lower aqueous layer to RCODd 1 L aepuator.

• Dry upper organic layer offint aepuator bfF '''1 tIuouP about 1.5
sodium sulfate IUpported on waShed glass wool in .- funnel. coDealnl
in K-D. (If extract wiD be cleaned up direcdy with CS. charcoal/Celite
column. collect in vacuum l'OClIl}' evaporator tJa&.)

• To sepantorwith aqueous phase. add 7 I ICJdhlDJ chloride mel IbUe
vigorously 30 leeuntll_of the IIOdium chloride is diIIoIucd.

• Add 100mLmethylene chloride. sIuuke 1 min, anddryIouuoercqanicpbale
through same 1I0dium 1Ulfiue.

• F.xtractaqueousphuewithadditioDa1IoomLmethylen.echloridemeldry
as above. RinIe IIOdium IUlfiue with about 50 mL methylene chloride.

(lfemactwiDbeclemed directlywithC5, 4ICeedtoconcenU'lllioDilep
deIIaibed there inlltelld :1cwporadng in~ fullowL)

• Add00=to &.J> mel concentrare II01gentin &D; llUtewporuion
II1cMybf . only recefiet tube into Iteam. After 11»-150mL"
ewporated,concentratormaybeecl"lled tomoreIteam.Wbenllquidle¥el
in hOI concentrator tube is about 2 mL, add 100 mL peboleum ether
through Snyder cohIDJn and reconcentrate to about 2 mL. Add 50 mL
petroleum ether and repeat concentnlion 1Iep. Add 20 mL wceume. mel
reconcentrate to about2mL. DonOlallowIOlntion togo todr}'neIIIIduring
anyofthe concentration steps.Adjulltvolume aCClttiKt to IUilabIeddinite
wlnme with acetone.

• Calculate equivalenl sample weight in final solution:

DIg lIlIIIIpIe equi¥alenl 80 1
--'--"'----'--- .. I5x - x -----

Il1. fina1 extract 5!iO mL fina1901ume

where:

15 .. I sampJe aDa1y%ed

80 • mL filtered emact lakeD fur Iiquid-liquId partitioning

Thus. when final emact wlnme is 2 mL. each pL conllliDll:

80 1 1.7 DIg ample equiYalenl
l5x -x-.

5!iO 2 Il1. fina1 CIttilM:t

• Extract may be IlUillible. as 11, fur detenninadon bf GLC with sdeahe
detecton (&,., 002,DG5).If~intelfcrewithdeta"'inationQll'
lKhencIyaKectchroDJalOllr.lPhy. deanupClttiKtwith Cl.a. QII' C5prior
to detennimUion.

• OemupClttiauwith CI or C5prior to detennlnMionbfeleanm capture
(DGl, 007.&) orftameionhadondetecton (DG6).Oeanupexuauwith
CS or C4 prior to determination by DLl fur NomethyIuuIw",aw
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E5

....eoce

ALlB1N41J1..E" ....
EX'TRAC1UII WITH ACETtJIE. I.DLIJ.I. fQl.lD PART1TDIIN3 WITH

OIfj'F

Luke. M. A., and Dooee, G. M. (1985) lJulL EtIVinm. 0--... TIIdaJl." 110-116

Pil; dpJe

Polarpestirida IUCh as mnbamidophOl CldlibitYllriahle teCUidles when peuoleUiil
ether/dichlorometbane is used in partitioning. Better lecovaies an: obtained when
aceJOne is IlIhelituted for petroleUiil ether. Tl'lIIIIfer of polar pewricides from the
aqueous phase to the 0IpDic.. is further faciliUl£d by adding sodium cbloride
before, rather than after, the lint partitioning step.

Diaw·..••

• FoDow directions ofEI through hIendlng and fllJeJing. Then:

- Place 80mLIIlIDlpIe esuac:tin I LseparaIOI', andadd lOOmLaceume,
lOOmLmethylenechloride,and'1gsodiumchloride.Shahviforoully
I min.

- Tl'lIIIIfer lower aqueous ... to IeCODd I L separaIOI'.

- Dryupperolpllic:"'oflintseparatorbyr 'ugthrougbaboutI.5-
sodiumsulfatesupportedonwaahedp.wooI in4-fimnel, mI1ening
in &oD. (Ifesuac:twill be cleaned up dlrec:dywith C3,~
silani7l'd Celite column, collect in vacuum rowy evapwuor o.k.)

- Add 100 mL methylene chloride, shake I min. and dJy 10wer orpaic
phase through _sodium sulfate.

• Continue as in EI, "Extnct aqueous phase with addlrionallOO mL
methylene chloride•..-

E6

ALlB1N41J1..E" ....
EXTRACTDI WITH WATER/AtBrIIE, LQ ICJ.WI.ID PAF1TITD'#S rMiI

WITH CH t • F I.iiI
Ilefa...

Luke. M. A., and Dooee. G. M. (1985) lJulL EM i1DlL C.'= TIIdaJl." 110-116

Polar pestlddeslUCh. metbamidophOlCldlibitYllriahle lec:oveaies whenpeuoIeum
ether/methylene cbloride is used in partitioning. Better teCUidies an: obained
whenaceumeitll.helitutedforpetroleUii1ethcr.Tl1IIIIferofpolarpestiridrsfromthe
aqueous phale to the organic ... is further faciliUl£d by adding oodium cbloride
before, rather than after. the lint partitioning step.

302-15
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DhectL..

• Follow directions ofE4 through blending and filtering. 1ben:

- Place 80 mL IIaIIIpIe exbat in 1 L aeparator conlaining 100 mL melbyl
me chloride. Add 100 mL acetone and 7 g sodium cbIoride and sblW:
vigorously 1 min.

- Transfer lower aqueous 1ayIer to lICCODCIl L aeparator.

- DIy upper organic 1ayIeroffint aeparatorbfp .,,, lbroup about 1.5-
sodiuDisu1&tcllJPP()ltedonwashedgI.-woolin .. funDel. coDectingin
&D. (IfCXU'lU:t wiIl be dClllled up cfirecdywith cs. cbarcoal/p1anbwJ
Celite column, collect in vacuum rotary evaporator o.k.)

- Add 100 mL methylene chIoride.1Ihake 1 min, and cby~CIIpIIic
phase through _sodium lIU1flIre.

• Continue _ in E4. "Eldnctaqueous phase with addllionall00 mL methyl
ene cbIoride•••-
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E7 EXTRAC1DV WITH ACETCJfIE ANDSlll PHAIE EXTRAC1DV
CAR/ROES, LDUDLgICJP~

ltefaaw:e
Luke, M. A, It Ill. (Sept. 1994) "An Improvoed Variation of the Luke Multi..sidue
Pesticide Procedure for the AoaJ,sis of FnU1a and Vegetables Using Solid PbaIe
Extraction Canridges and Element SeleclM Gas Cuomatognphic Derecton: IJB
ll896, FDA, Roc:biIIe, MD

Appw-
blender, high speed; ezp1osion-proofWaring BIendor, 1 qtjar

&ichner funnel (Blidmer), pon:eIaln, U em diameter

filter paper, SIwt. stin-, to fit Blidmer

500 mLsuction flask

long«emmed funnel, g1aII, •• diameter

Kudema-Danisb concentrator (&.0), 500 mL, with SnJder coIumn. two-IJ8II
micro&1yder coIumn. graduated receiving flask

eeparatoryfunnel (1epUlltOr),1 L

75 mL Bond Elut nsenoir or c:quivaIent

25 mm syringe filter, 0.45 JUD NyIon 66. with 1 JUD prdIIter

tC18 Solid PbaIe E:anu:tion (SPE) c:anridge, orC18 SPE c:anridge

• g •

acetone, ctiItiIIed from ll1J.tI- apparaIUa

boiling cbips, 26-30 mesh c:arbonmdum

eluant, water/acetone, 30'1. (v/v)

P.wooI. Pyres, see Section 204 for bandJing cIIrec:tiona

methylene chloride, ctiItiIIed from au.p. apparaIUI

petroleum ether, ctiItiIIed from au.p. apparaIUa

IOCIium cbIoride, r gLl grade

IIOdium 1Ulfare, anhJdrouI. granular, reagent grade; see Section 204 for'
handling directions

• Plea ± filter paper with lICetOIIe to n:JIlOft contlminanlL

• Weigh 100 g chopped or blended mnpIe into blenderjar, add 200 mL
acetone, and blend 2 min at high tpeed.

• mterwith lUaion through U em B6dmerfialed with Shutstin-~
collect extract in 500 mL IUaion flask. Continuation ofvaal'llll for
ez:a:IIiIJe period can reduce1I01ume ofextractand CIIIIR emil" in ca)ro)a.
don.

• Attach 0.45JUDNyIonc:artticIF filter to bottomof75 mLrewnoir,lIaacb
tC18 SPE c:artridge to ontlet oCc:anridge filter.

• Wash I)'IteID with 40 mL acetone, foI1oMd by 10 mL eIuanL DIscud
-.beL

T_.... lD»1 (101191lll1
_RIll_lIl/92l 302-17
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• Measure 40 mL Ample exuau and place into iCiUiOlr. mw.: exuau
dropwlse,with air pmBUJe,into 1 LlCp8I1ItOryfunnel; donotaDowIe.d«
exuaa to go below bouom «raenoir.

• RiDIe graduated qIlnderUKdfor traDl£erwith 10mL!OCJ._1_;
place rinse into n:senoir and elute to column cbJnea.

• Add 50 mL acetone ad 100 mL methylene chloride to 1eJlPm:r.;;e1
ad Ibakevigorously 1 min. Letseparatonland ~10min to allow to
separate.

• Dry lower organic: layer «fint separatOI" byF big dJrou&b aboull.5"
sodium suIfale mpponed on washed gIau1'1001 in ." funnel, c:oIIec:tlng
in K-D.

• Add 100 mL acetone and 100 mL melhylene chloride to IeJIPIatoI'mel
repeat shaking. Let IepIII'lIlOr ItIIDd ~10 min.

• Draln lower organic layer through IOdlum IU1fate into 1eJIPI1IllOI'. (Supr
content«fruitlllJlllllesmayresuJtinaqueouapbale'lbelngthelowerlapr:r.
In that case, add ~lomL methylene chloride and repeat sbatiD«.) Rime
sodium IU1fate with about 50 mL methylene chloride.

• Add boiling chips to &.D and concentrate sohent in &D;__evapontioa
slowly by pfaclng only ieceheJ tube into steam. After lCJO.I50 mL has
evaporated, concentraror may be hI-.ed to more steam. Coneentrael:
IOhent to 2-5 mL. After cooling, remove tube from &D mel aIljIIIt tuIuue
to 5 mL with acerone.

• Calc:ulate equivalent samp!e weight in final soIudoD:

mg~A~"'~ple~equiYaIen~·~t 40 1
- "' 100x x ;;;Lfi;;;j";;;;;;;;

pL fina1 elttilICt 200 +W-10 mL finahulWIe

where:

100 • g samp!e analyzed

40 .. mL filtered exuaa taken for Ilquid-Ilquid partltioolng

200 = mL acetone blended with 100 g IlI1DJIIe
W '" amount (mL) of_ pauent in IlI1DJIIe (Srcdon 201; ifdaIa

are not awi1able for particular raw agricuIbInIl co....edit"
uae85'1»

10 = a«ljnmnent for _/acetone volume contrarrioD

111U1, when Amp!e containll85'1> _ (85 mL/loo g) and final
estraetvolume is 5 mL, each uL contains:

40 1
100 x x- ..

200+85-10 5

302-18

• Clean up eJlU'lICt with C6 prior to deteriDination
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Griflitt, K.R.. IIIat (July1985) "Minialuri%edF10riIIilColumn Ceaaupof<lJ1orllwcd
and OrganophosphateEluates inTotal DietS8mples," LIB 2722, IDA, RocbiDe. MD

GrifIitt, K.R.. and Swrik, MoM. (Sept. 1989) -DIe ADa1yIII of 127 Total Diet
Items for Chlorinated Residues Using Luke/Solid PbaIe EKtracII," LIB S!66, FDA,
RocbiIle. MD
PaiR ,.

Residues in solution are IepIIl'lIled &om I8IDpIe are:aua:tivea on a ADaII c"I"'di1 of
Floriail alborbent, elutingwith a lingle eluanL

Appu....

cbro~ccolumn. 10 mm Id x !OO mm, Te80n .opcoek. COlIne
porosily fritted diIc

Kudema-Danishconcentrator(K.D).IZSOl"Z!50mL,withSoJdercoJllmn , two
baD JDiao.Sn)'dercolumn, graduated orwlumetric receMugflask

Pe.

acetoniuile. djsljlJrd &om aJI.gIa8 apparaluI; see Section lOt for d.....1Iarion
direaiom

Florisil, PR grade; see Section 204 for handling and laCing directh_ and
calculation oflauric acid value

hexane. diItiIled fiom aJI.gIa8 appuatuI

sodium snI&te• ..m,drous. granular. req;ent grade; lee Section lOt for
hancDjngdireaioDS

eluant~ metbyleDe chlorIde/I.:5~ acetoniaile;'48.5~ heaue ('11'11'1).
Pipet 15 mL acetoniuile into 500 mL methylene chloride and dlIute
with hesane. Anow mixture to reach room temperature and~ to
1 Lwithhesane.

DhE4d+_

• Place aetiYab:d F10risil (weipt. 110/1auric acid value x 4g~
chromatographic column; add IIhout Zem sodium 1lJIfUe. :ompIetdy
openstopcoekandlllpooJllmntoletdealborbenLPrewetcolnmnwitb15
mL hesane. Do not allow coInmn to go dry. Place &Dwith wlumeIric or
graduated receiving flask under column to reoeige eluate.

• Dilure eDIaet with hesane to produce solutionofl~ acetooe/hesane.
Vo1uJma depend on coucentrlllion ofem'lICt, volume aW:n for deaoup;
e.g•• dlIute 1 mL El auaet, previoully concentrared to 7 mL acetooe, to
10 mLwith hesane.

• 1'ranIrersolutiontoF1oridlcoIurnn,letdngit.-tIuouPat8bout5mL/
min. Rinse coulainerwith two !l mL portiomlaesane. D'lIIIIfer riDSinp 10
column, and rinse walla ofchromatographic tube with addirional anaD
portions hesane.

• Elure column at 8bout 5 mL/min with 50 mL eluanL

302-19
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P rf iF AnltJ' eI MInIII val I

• AddboIIingchip to ll'.Dandc:oncentrate eluate to IUil8hlede6nitedJme.
Foreumple.iflmLElextraet(equiya!enttoU5mg/mL>_c:leanedup.
concentrate Ftorisil eluate to I ml. for _ fiDal conc:enttalicm.

When volume <5 mL is needed, 1IIe two-b.n JDicro.SDyder ormicro
VJgI'eIIlD: column during evaporation.

• UseappropriatecIeraminadve Itepl.IUChas DGI or0015,DG6, DG7.and
DGIO.to identitY and measure residues.
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Luke, M.A., and noc-, G.M. (1985) BvIl..£ i_ e.taa TlIIIialI. _,111).116

HanIy,ltP. (FaD 1984) "lta:oveJiesofOrpnophOlphorusCompouDds'lluough the
Modified StorherrMethod Using Charcoal Columns With and Without Mapesium
ODIe,· LIB 2860, IDA, Rockville, MD

.d -iF'T'
Polar residues in solution are IeplU'Bted from 1BIIIp1e CDaInK:tiva em • column of
charcoaI/Celite/magnesiumome;deanupmaybenec ryfonuheequentelllllDi
nation ofeuract with seIec:tne detecto.... AromaIic: residues are not eluted with thiI
.,-m and mUll be detennined in c:mact cleaned up br CI, t10riIil c:olumn.
Magnesium oDIemaybeeliminated topl'eftntdestruetioDollelllitiweresiduel (&&,
acephate) without diminishing n:coveries of other residues nonDlllJy eluted.

AJIIMa-
cbromatographic column, 22 DIID id x !OO mm, Te80n IUip' oct, ooane
porosity frilled diIc

KudenuH>anilh COnceDtraUlI' (K-D), 500 mL, with Snyder column, -mn
micro&lJder column, graduated or wJumebic receiving fJaIk

• g ,,,,

acetone, distilled from aB-gIa8 apparalUI

adsorbent mixture, I:4=! (w/w/w) charcoaI/CeIite 545/....'w:sil1lD oDIe 01'
1:4 (w/w) cbarc:08I/Celite 545

Celite 545. To prepare. sIunyabout 500 gwith distiDed_, heatem_
bath about !IO min, and filter with 1IUCtion. Dry overnight at J05.I!IO" C and
puhmze to p8Ia No. 60 sieve. Store in c1oIedjar.

charcoal, Dan:o G60 01' Norite 5.G. Extra

glaD wool, Pyres; lee Sedion 20f for handling directioa.

magnesium mOde, 200 mesh, adIOrpthe grade (optioDaI)

methylene chloride, distilled from aB-gIa8 apparalUI

eluant: 2:1 (v/v) acetone/methylene cbloride
))It th_

• Placeabout I· Celite 545 in column, thenadd 6gadlorbeDtmixtme,and
top with large plug g\aIs wool

• Tamp column down firmly and add about 25 mL methjk:ue chloride.
Force solvent through column with air prmlll'c until top ofIOhalt
reaches top ofcolumn. Discard IOheDL

• Transfer IlIIDp1e c:mact quandtathely to column with IIDIIIl ponkmt
methylene chloride and force soheDt through • belote, collecting in
K-D.

• E1ute with 200 mL 2:1 acetone/methylene chloride; force through •
before.
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• Mix conteDb of&D. add boiling chipI, and cona:alrall: .m-t;an
.-poratlon slowlyby placing 0IiJy receiYer tube iBlO Iteam. Alia' 1~150
mL has .-porated, concentrator may be hlliDKd lO more Iteam. When
liquid level iB hotconcentrator tube118boul!mL, add lOOmLpetroleum
etherthroughSnydercolumnandRCODCeDlraII: lO8bout!m1.Add50mL
peU'Oleum ether and repeal concentration seep. Add 20 mL_.and
rec:oncenlrall: lOabout2mI. Do nOlaDowlOlution lO go lOchp= during
anL:ethe concentration ateps.A4Juatwlume ofeatlaetlO..ritahieddinite
110 with acelOne.

• Ifmagnesium mdde II not UIed, a white paedp.ate mayfonD ifeatlaet II
concenlrall:d lO d mL; thiI should DOl affect GLC.

• Use appropriate detenninadve ateps or continn8tmy1tepl.1Uda. GLC
with _ ~bomenic detection.



P ,..Ie AniIIVIiJ8I M8nuBI Vol. I SEClni 302

C3

Krause. R.T. (1980)J Aaoc. Off. AfIIIl. CMa 85.1114-1124

Pardue.J.R. (May 198'7) "1tecoweries ofN-Methyi CarbeID8te1 UIiDg a ComNnednn
of the Luke (pAM I, 252.4) and Krause (PAM I. 24%.24b. 242.25) I'roadura.w LIB
Sll18. FDA. RocbiIIe. MD

Pti"dt+
ResidueainlOlutioDaresepat'llU!dfrom"'~onacolumnofc:barc:Olll

and Celite. cleaning up the t:Xbaet IUffidently for sublequent detenninalion by
HPLC system DLl.

Appu....

rh nhic column, 22 mID id x !lOO mm, TdIon IfOJICDCk, ooane
~rriikddisc

evaporator. ftCllUJD rolaly. _ deacribcd in Section tol HI

fIasb, round-bouom (rob). 250 and 500 mL, 1 L

magnetic lIIirrer. S1lIr. 10 mID diameter x 8 mID

WCUUIIl adapter. side lU'III, with Ts bottomjoint to fit in 500 mL I'b flask
• , as

acetonitrile. dilItiI1ed from an.p apparatus; see Section 204 for cftwriIJation
cfirections

Celite 545. silanind andprepared for use _ directed in Section tol Cl

cbarcoa1 (Nucbar SoN). produced by Wanaco Corp. and awiIlIbIe from
Eastman Kodak, Cat. No. 1180454, purified _ directed in SKlioa 401 CI

glaD wool, Pyn:x; see Section 204 for hendling cfirections

methanol, distilled from all-gIaD appIIJ'llbJI

methylene cbloride. distilled from anp. apparalUI

toluene. distilled from anp. appIIJ'llbJI

e1uant: 25'1. (v/v) toluene/acetonitrile

Db .....

o Tat c:han:OIII/-iJuiPd Celite column _ dacribed in Section 401 CI.

• To the extract in I'b flak, .td S1lIr magnetic lIIirrer. PIaa: 2!10 mL TW
to trap on 1 L I'b flask and lIIIaCh to yaoDlm J'OllIry evaporator.

o Cin:uIate refrigerated (_15° C) 1+1_/ethylenegJ:,coI through evap0
ratorcondrnsingcoill; maintain n:ceiYing flask at-15° C byimmenioa in
refrigerated bath.

• AppIyWCUUlllll1owlytom inimiR &ocbiDgbyreRUladntrwithnecdlevahe.
Mti:iCuD ftCllUJD is applied, lI10wIyplace flask in 55° C_ bath.

• Remow: I'bflask from evaporator iDJlllf'diatelyafter IMtnoaofII01uIioo
have evaporated and .td 10 mL methylene chloride to I'b 0aIk.
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• Fitone:holeNo.5rubberstopperonlOtipofc:bromalographioohnnn•.dd
side annvacuumadaplerand500 mLl'bflask, open ltopCoc:k,andamnect
appIU1IbM 10 YlICUUIIlIine.· :=:",nania Celite 545 in c:Juogu."'f5iaphic column.wnp.add.:J

Celite545 (1+4) mimJre.melllUnpapin.Add I-ian....
plug on top ofadsorbent.

• Prewash column with 50 mL 25~ IOluene/lICefOIIiaile eluant. awestop
cod. when prewash solution is about 0.5 em from top of""10100I.

• Disconnect vacuwn, diacanlsolution in I'b flask, mel reconnect flask 10
appamua.

• Tnmfer10mLmetbyiene chloride eKtI'lICtlOcoIumnandlet~ tbrouP
column at 5 mLImin.

• Wash I L I'b flask with 10 mL methylene chloride and then with 25 mL
eluant. Tnmfer each separately 10 column and elute each 10 top of....
wool before acIcting nen solution.

• Add 100mLeluantandelutecolumnat5 mLImin.Tum oft'lIlIlpCOC1when
lOp ofeluant reaches top ofgIa8 wool.

• Evaporate solution in 500 mL I'b flaskjult 10 clryna:,:::Jm7i11
'

evaporator as above. RemcM: flask from evaporator • • after'lIIl
solution has ewponated.

• Immediate1ypipet5 mLmethanoI inlO500 mL I'bflMkIOdiwohe raidae.
Oeanedup eKtI'lICt contaiDs conoenttation ofoampJe equivalent (lIIJ(/pL)
equal 10 amount ofIlIDlpIe in eKtI'lICt taken for: c:Ieanup. dhided by5. FOI'
example. ifenm £1 extract ofc:ommocIitywith 85~water is UIed, 29 g
samp)eequiva)entiscleanedup. i.... lOOJx80/(200+85-IO);finalconee.
tration atcleaned up eKtI'lICt fa 5.8 mglpL (29 g/5 mL).

• Use cIetenninatige step DLI or DL2 (Sec:don tol) 10 determine
N-methylc:arbarnat.... except use 20 111. injection loop imteacI of10 pL
loop specified.
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Prlyriple

Residues in solution are -=parated from ..mpte c:o-atraetha on a CI8101idJIb
exuaaion~ deaning up the ClllIlICt sufficiently for IUbeequent deterJDina.
don by HPLC system DLI.

At1-....
Kwfema.Danisb concentrator (K-D). 500 mL, with Snyder colunm, twob8II
JDicro..Snyder colunm, graduated r¢teiving flask

wlumetric flask, 5 mL

• g 4-

cartridge (lIOIid phase auaaion type). CIS, !.8 mL

methanol. distilled from aB-gJa. apparalUI

Ohw....

• ConcentrateClllIllCtin&-Dto!mL.EwponueaJrnosttodrynaa(lIboutO.1
mL) under current ofnitrogen.

• rn:-tCI8 cartridge with methanol and dlIc:anllOhent.

• Disaolge residue in receiving flask with ! mL methanol and traDIfer
quandtativelyonto~CI8cartridge..CoDecteluate from cartridgein
5 mL wIumetric flask.

• Elute cartridgewith additional methanol unlil~volume is......
5 mL; add methanol tomakewmme 5.0mL. Cleanedupau.....conlllins
concenttation of88mple equivalent (tDKIpL) equal to amountor..mp!e
inauactlalenforcleanup.divldedbyr. Forenmple.lfentRElau.....
ofcommoditywith85lJ>waterisUlCd,29gsampleequivalent.deanedup.
i.e.. 100 g x 80/(too +85 - 10); final concentration orcleaned up dlIaet
is 5.8 mg/pL (29 g/5 mL).

• Use determiDathoe step DLl or Dl.! (Section 401) to cIetcrmine
N-methylcarbamaexcept1llC!OpLinjeclionloopin-'o£10pLloop
spedfied
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Refaeace

Luke. M.A.. "tIl. (1975)J Ass!¥. OJ!. AlItIL CMa. 58. 1020-1026

Reaidues in IOlution are IeJIIII'lIIedfromlllllllp1e~on a column ofFlorilil
adsorbent; c:leanup is u-ny neee.ary for sublequent enmlnatiQa ofemat widI
001. electron capwre deteaor.

Apfw....

chromatograpbic column. 22 mm id x !IOO mID, TeOon IlOpClOCk, COlIne
porosity frittcd disc

gradnated cylinder (graduate). gJ llOppCred (g-c). 100 mL

Kudema-Danish concentrator (W), 500 mL, with SDyder column. two-bd
JDicro.Sn)'der column, wlumettic or graduated uceMng fIaak

PlPi •
boiling c:mp.. 20-!10 mesh c:arborundum

eluanu: lSW, (v/v) ethyl ether/petroleum ether
5OW, (v/v) ethyl ether/petroleum ether

ethyl ether, distilled from aII-gJuI apparatua, with K ethanol_pelenillM;
see Section 204 for permdde telt

F1orlsil, PR grade; see Section 204 for handJing and telling dh«doDa and
calculation of lauric add value

petroleum ether, distilled from an..gJa. appuatul

sodium sul&te. anhydrous, granular. reagent grade; see Sec:Iion 204 for
handling directionI

Dia:er....

• Plac:eactivatedFiorisiJ (4"orwei&btderaminedbylauricadlhalue) in22
mm id column; add about 0.5" sodium sul&te.rr- column widl40M
mL petroleum ether. PIac:e &-D with wlumettic orpUPtrd receiving
fIaak UDder column 10 receive eluate.

• DilutieconcentratedelIInICt to 10mLwith acetoDe aDd tranIfeI' to 100mL
,.graduate. UIiDg petroleum ether 10 rinse. DIlute 10 100 mL widI
petroleum ether; stopper aDd mix welL

• TnusferdnutrdelllnlCteoJutiontocolJlmn leuingit.-tbrougbataboat
5mL/min.

• Elutecolumnatabout5mL/minwidl200mL15W,ethylether/peaoIeum
ether eluant.

• <::baDgeWIand elute atabout5 mL/minwidl200 mL5Ow. ethylether/
petroleum ether eluant.

• AddboilingchipltoWlandconcentratetolUilllhledeftnlrewlume.FOI'
example, ifentire £1 elIInICt ofcommodjty with 85W, water is 1Ded, aDd
final wlume is 5 mL, final concenaalion ofcleanedupexuat is 5.8 mgt
flL, i.e., 100 g x fIIJ/(200 + 85 - 10) .29 g; 29 g/5 mL~ 5.8 mgtpl-
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• When volume <5 mL is needed, uae two-b8Il JDicro..SnJda' or JDiao.
VJgrelIUX column during final evapmldion in recemng t1asL

• UseappropriatedeterminatiYeItqJl.IlUChM001or0015,DG6.007.and
0010. to identify and IIlClIIUl'e raidues.

.......LftJ...
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Ref&eace

Luke, M. A.,,, al. (Sept. 1994) "An Imr>rc-d Variadon of the Luke Mullhaidue
Pesticide Procedure for the AnalJsiI at Froils and Vegetables Using Solid Pb.e
Extraction CaruicJges and Element SelectM: Gas Cbroniatographi Deteaon,. UB
3896, FDA, RocbiIie, NO

SAX and PSA cartridges provide the imprcwed cleanup required for determinadoo
with rapiDary and megabore GC columna; both polar and nonpolar residues can be
ret:Oieied.
Appa 'w

75 mL Bond EJut reaenoir or equivalent

25 mm syringe filter, 0.45 JUIl Nylon 66 with 1 JUIl prdiIter

SAX SPE cartridge or equivalent

PSA SPE cartridge or equiwlent

Kuderna-Danisb conc:entrator (&D), 500 mL, with SnJder column, hlO-IIaD
mic:roSnyder column, graduated or wlumettic: reeching flask

• S d.

acetone, distiDed from aJl.gIaa apparlIbM

petroleum ether, distiDed from aJI.gIass apparlIbM

acetone+petroleum ether, 1+2

• Auadl 0.45 JUIl filter to bottom of75 mL resenoil'. Auadl SAX or
equiva1entcartridgetofilter,andattaehPSAorequiva1entcartridgetofint
cartridge.

• WaahC81bldgeswithtomLacetone;followwlthl0mLacekme+pdioiewn
ether. DiIcard -ties.

• Dilute the 5.0 mL concentrated acetone eJLbaetfiom E7with 10 mL
petroleum ether and milt. Transfer to resetvoh, and e1ule cbopwile with
air pressure.

• Rinse lUbewith five 10mL ponionaacetone+petroleum ether.Elutcach
rinse when the previout IOhent has reached lOp ofcolumn

• Mix cootenll of&D, add boiling cbipa, and CODCJeIltrate 101genC; IIUt
evaporation slowlybyplacing only receiwu lUbe into Iteam. When IiqaId
level in hotcoocentrator lUbe isabout2 mL,add 100 mLpetrolcum ether
through SJ1lder column and reconcentrate to about Z mL. Add 50 mL
petroleum ether and repeat coocentradon step. Carefully add 25 mL
acetone and reconcentrate to about 2 mL. Do notallow IOluticm to go to
dryn_duringanyoftheCODCJelltradonItepLA4juIt~ofemaetto

suitable definite wIume with acetone.

• Use appropriate determinalift: steps, suc:h. DGZ, DGS, 0014, or0016,
to identify and _ residues.

Elm 302
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0015

DG!IorOOl6

DG4
or
005 or 0017

CETEFlMllllATDII
Inject CODccnl1'llted extractequivalent to l!O DIg (whole high moiIom: product) into
the following GLC syRemI for detemliDation ofresidueL (AithoughAOAC c:oIIab&
rathestudyforthismethodimoMdiJYectionofliDlglllllDpleequivalent,~

since then has JhOtell that GLC aynems can tolerate routine injectioas equivalent to
l!O DIg ofmost nonfluty foods.)

Extract not cleaned up prior to determinatioa:

OOi or 0014 organophOllphorus res!clllea; IarBe amounts of auIfar may
interfere

organohalogal res!cllJes

organoniarogen raIdues; ae1ec:the to niuogw. but 00 " ..
1iftlI mayconlain niarogen
organoniarogen and OlJllllophc.phOl1ll,..ldua

organoaulfar residues;~ amounlB of pho.phOlUl may
interfere

OOU late eJuting organobalopo residuCl. are' jelly pyrethroids

Additional recommended determinations:

Extract not cleaned up prior to determination:

DG8 early eluting organophOlphorus ralch_

0011 late eJuting organophOlphorus raiduCI

DG9 early eluting organohalogal rakh_

Extract cleaned up on Florilil column. CI or C5:

001 or OOI!! n:sidues with ba1ogal, 1IUIfur. or other moieda

007 early eluting residues with haIogal.lIUIfur. or other mnietia

0010 late eJuting ralch-. espedaDy aynthedc: pyrethroids

DG6 ophenylphenol and biphenyl

Inject oonccnl1'llted extract equivalent to about 5MI6 DIg (whole high moiIlure
product) cleaned up by CS (charcoeJ/CeUte oolumn) or C4 (Co18 c:anricl&e) inao
following HPLC IJIlelII:

DLl N-methylcarbamates (determinative ltep described In
Section 401)

ForllCCUJ'atequanlilation,refamcellandardllhouklhedillohoedin_lllhalt.
oonccnl1'llted eDr8CI, only peaks >10~ FSD ahouId he m ured, and peak ...of
residue and reference llanclant should match within :t:25~.

See Chapter 5 for additional information about operation ofGLC IJIleUii; Section
504 provides information about quanlitalion ofreIiduea.

See Chapr.er6 for addilional information about operation ofHPLC IJIleUii; Section
606 provides iDformalion about quanlitalion of rea!clua.
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See Section 205 for addilioDal information about rdUence """dank..
SeeSeelionlMforadditionaIinformatIonabOlluepwlingresichxlanddewF81luIDg
compUan.r:e with reguIatious.

See Section 105 for addilioDal information about IIDa1ytic:aI JimIls ofquutiDtIon

a:JI'fiRMATUtI

After residua tune been renwnety identified and quanlil:aled br ' 00'1_' iIoo 10
appropriate reference~ conftnn idenlity acmrdinglO prindpIes ,I. , EI
in Section lOS. Use appropriate IabIes of data (riSIDATA, IabIes au '.'Ipa,.,mg
each method, IncIfs to Mi:thocb) 10 chooee the _ appropdate dctcrminaIive
steps and/or altel'Dllthe methods for conflmwion.

.......'I}...
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001 GL.C. 1CD'J6 METHYL S11J'lAIE. 2CD C. EC
ApP! eNIIty

Determinative step is applicable to J'"icb..... containing halogen, lIUHUr, or ocher
electrophilic moieties. It is a general~ lI)'IteID. but IIUI!ject to iDteJfea_bf
nonpesticides.

CoJnnm

Wide bore capiDa'Y, 50 m x 0.55 mm ld, C08led with 1~ melhyl ......j""rd
polysilOllane liquid phale, 1-1.5 pm film tIW \, ell, bonded and CJ08 "nUd For
example, D~I; see Table 5024 for equivalenlB. See Section 502 Co Recommended
Operating Procedure for Wide Bore Columns.
Coinmn Operating Conditions:

200" C isothermal; ifn... 'Y,.gust tenoperaDJre 10 thatrelatiwe releDcioo lime
to cblorpyrifOll (me) ofp,p'-DDT is 5.1 ±0.06.

Carrier gas: helium; .gust flow rate 10 that c:blorpyrifoa elulel in about 4.0±0.5
min (about mmL/min).

Injector tempemure: 220-250" C

Dell CIM

Electron Capture (EC)

Detector Operating Conditions:

lI5O"C

Make-up gas: nlttogen or argon/methane (95:5), at 50 mL/min

See Section 505 B for other information about EC detector operation.

Set detector electronlc:s (amplification, attenuation) 10 that itlll'O"le to 0.15 ng
cblotp}'rifos (or an amount within the detector's linear range) is 5O'Jli fuD scale
det1ection (F'SD).

OdIerC 'J .....

Rn sandngrequiredtoc:auR5O'Jli FSDiellflODle are lisIedinAppendbrI,PilSlDATA(man, data in PESI'DATA _ collected using equivalent pried coinmn). Reo
~~ in Appendix I are baed on detector lensitivity of 5O'Jli FSD to 1.5 ng
cbIoipfIifos.

Ezampk cbromatognm is on nelll page. Also lee FIgureI !10k, d, e, and f.
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lil0'14IV_1.BJ0'1BIV_._710'2DIVP,p'.aJl'....__.5 7I
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DG2

9:CILW 302

GLC. 1C1J96 METHYL SIl..DXME. 2fD C. FPDP
.AJIpIkeN'ty

DetenniJlatNe step is applicable to residues CODllIining phClllpbOlUl. It is pm1kuIarIy
useful for residues such-as organophOllpbate pestidda.

CoJmm

Wide bore capiDaIy. 50 m x 0.55 mm id. coaled with 1~ melbyI suJwdmted
polysiloSllJle liquid phase. 1-1.5 pm film thickn-. bonded and au.'idcd
Forexample. DB-I;seeTahle502-eforequiYalenlS.SeeSec:don502C,Reoom mended
Operating Procedure for Wide Bore Columna.

Column Operating ConditioDl:

200" C isothermal; ifnec ry.lIIljuIt 10 thatre1lllige retention dine
to chIolP1iifus (me) ofethion isl!.56~
Carrier gas: helium; lIIljuIt flow rate 10 that chlolJl1iifus elutes inabout4..0 ±O.5
min (about l!O mI./min).

Injector temperature: l!l!O-l!!IO" C

01 :1..

flame photometric, phOllphOi'll1l mode (FPD-P)

Detector Opetating ConditioDl:

l!l!5-l!!IO" C

See Section 505 C for other information about FPD openuion.

Set detector elec:tronic:I (ampJification. _nation) 10 that iapDDlle to 1.5 ng
chlolJl1rifClll is 501. fuD scale deflection (FSD).

~functioningSJIteID wiD give a reIpOlIlIe to 1.5 ng ClIIlethoueof~

OIlIer e- ..... IIIiww

Rn Sandngrequiredtocause501. FSDrapoIIlIearellstedhtAppendid.PF.SIDATA
(m3ny daJa in PESIDATAwere collected using equivalent packed column).

Example chroDmtogram is on nen....
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DG3
AppIL ......

Detenllinaliw: step is applic:ablc to residues containjng balogen. It is panicaIutJ
useful for residues such _ chlorinated~ pesricidoes and polJdlIoriDated
biphenyls.

e--
Wide bore c:apiDary, !O m x 0.55 mm id, coated with lOO'J, methyI ......j .."ed
polysilODDe Hquid phase, 1-1.5 pm film thicknea, bonded and aoa 'b':ecl For
examp.e, DB-I; lee table 502-a for equivalents. See SectioD 502 C. Prmmmended
Operating Procedure for Wide Bore Columns.
Column Operating ConditioDs:

200" C isothermal; Ifneee.ary,lIlljuIt tempenture10 tbal reJalhoe _doD lime
to chlOiptiiful (m) ofp,p'-DDT is 5.1 ±0.06.
Cllirier gas: heliwn; lIlljuIt flow me 10 that cb10Jpyiiful duta in about 4.0±0.5
min (about 20 mLImin).

Injector tempeJaDJre: ftO.25O" C

D II I.

Electl'OCOllduc:dty, balogen mode (EJ.CD.X)

Del£Ctor Operating Conditions:

Base temperaJure %500 C; furnace temperature 900" C (or _ specified in operat
ingmanual)

Reactorgas:~ fIow_requiJed byapedflccleiectormodel; lee opendng
manual

See SecciOll 503 D for other information about ELCD operadon.

Set detector elearonicl (amplificadOll, attenuaJion) 10 that ic::apo1Ue to 1.5 ng
cbloiptilfOll is SOw. full scale de8eaion (FSD).

OIlIer e-....h adww

Rrt sandngrequiJed toc:ausesow, PSDresponseveliBtedinAppendiltI,PilSlDATA(man,.daia in PESlDATAwere coDected UBing equivalentpadecI COhIJDD).

Esamp!e chromatogram is OIl Den p8ge.
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DG4 ac. 1C1J'J6 AETHY1. SII.IJXAtE. 2CX1 C. BJ:D.N
AppB ...,.

De~stqlisapplic:abletoraiduesCODtainingnltrCJI"iLltlllllJbeUIdWfix'

confirmalion of residues such as tria2ines (attazine. ojmpzjne, *-) and trIuoIea
(propiconazole. didobutruoIe. *-).

coo-
Wide bore capillary. !lO m x 0.55 mm id, coated with I~ melbyllUhotiPtted
po1yliloxaM liquid phase. 1·J.5 JIDl film thickness. boaded and~ For
example. D~l; see Table 50!« for equivalen1S. See Section 502 Co Reamupend....
Operating Procedure for Wide Bore CoIumDs.
Column Operating Conditions:

!DO" C isothermal ,
Carrier gas: helium; lIlljulIl Dow rate 10 tlw chIniptJlb elutes in about 4.0:1:0.5
min (about 20 mL/min). ,

Injector temperature: 22O-ZSOO C
Die ...

EIectrocoDductM. nitrogen mode (ELCDN)

Detector Operaling Conditions:

Base temperature ZSOO C; furnace temperature 900" C (oras specified In operat
ingmanUal)

. Reactorgas: h)ldrngen. Dow.. required bylpecific detectormndel;seeopendng
manual

See Section 50!1 D for other Infonnatinn about ELCD operaIion.

Set detector eIectronia (ampllficadon, aaenuation) 10 tbat ........ to 1.5 III
chIniptJlfOll is~ faD acaIe de8ec:tion (FSD).

0Iher ('.c I' "

Rn I and ng required to cause !iO'JJ FSD response are listed In Appendiz I, PfSI'
DATA (many dala In PESlDATAwere collectal using equivalent pac'lred column).

No c:hnJmatotlram currendy aaiJabJe.

302-39
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App'k2b1"¥
Detel'lllinalM step is applkaNe to raidueI coullUning Diuogen. It is panic:uIarty
useful for residues such as ttiazines and triuoIes.

Co!mnn'

Wide bore ~iIIuy. !lO m x 0.55 mm id, c:oeted w1dll00w, medJylmbodwtrd
poIysiloune liquid phase. 1-1.5 IIID film tbic:bas. bonded and a ..& ....t For
example. DB-I; see Table 5024 for equjvlI1ents. See Section 502 c,ltecommencIed
Operating Plocedure for Wide Bore CoIumns.
Column Operating ConditioDs:

200" C iIothermal;if~•.gu.ttemperatureao thatre1lldw:_doa time
to ch10ipti Ifos (Me) of ethioD is %.56 ±0.05.

Carrier gas: helium; acljust flow me 10 that c:hIorpttIfoa eIuta in about 4.0±0.5
miD (about 20 mLImiD).

Injector temperature: 22O-Z5O" C
Del 'e_

AIbli bead detector. nitrogen se1ecthe (NIP)

Deft:CtOJ' Operadng Conditions:

250"C

See Section 50S E for other iDfonnalion about NIP detector opetation.

Set derector e1ecu'onia (amptific:atUm. auenuadon) 10 that rapoDlIe to 1.5 ..
chlorptrifos is scv.f, full scale de8ecliOD (FSD).

~dyfunaioning IJItenl wiD gift a rapo_ to 1.5..omethOllleof~

OdIerC·..• .....
Rn landngrequimitoCllDlescv.f,FSDrapoIIII:alelistrdin.Appendix1,PESIDATA
(mBuy data in PFsrnATA_re co11ected UIing equivalentpic\ed column).

Example duomatogram is OIl nat pqe.

T..-MIII NIl. JiDD.1 (1011_
Farm FlIlI!llllio I8/lI2l 302-41
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DGB
AppIbNIhy

DetermiDatiftstepiiapplicabletoraidueacoolainlngnoelementstowhic:hcJemen..
scIcctife dctecton respond. Itis particularlyudW{«residua1UCh.bIphcnyland
o-phcnylphcnol.

Colman

Widc baR ~..mary. 50 m ¥ 0.53 mm id, C08Ied with IOO'IJ mcd1yl ......i....elI
polysilODllC liquid phase. I-U; pm film thicknCll, bonded and~ FOI"
examplc, DB-I; ICC 'table 5024 for equivalcnts. Sec Section 502 C, Jtcconurocnded
0pcraDng Procedure for WJdc Bore Columna.
Column Opcrating Conditiona:

1!lO" C isothcrmaI
Carrier gas: helium, about 20 mL/min. At these condidonl, chloiPYiif'W clutrs
in about 16 min. and biphenyl and ophcnylphcnol clute in <2 min.

Injector tempcrawn:: ~250"C .

DelE'

Flame ionization detector (FID)

Detector Operating Conditiom:

!lOO" C

detector gases: hydrogen. 50 mL/min, air. !lOO mL/min
let dctector clectronia (ampllfic:adoo. atiCDuatioo) 10 that reIpOiIIC to
50 ng ophcnylphcnol is 50% fun acalc ddlcction (FSD).

OtherC 'k ......

FID is OODlClcctift and wiD respond to Juse quantities ofany COEdiaetiwe.

E'!!lUDp!c chromatogtam is Oil oext po1p.
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GlC. 1CXJJ6 AE1JM.. Sl.fJJWE. 130' C. EC
AppIIceNlty

DeterminatiYe step is applicable to reMlla of high 10IadIity (euly eJntion) mel
contlljnjnghalogen.sulfur. orothere1ectrophi1icmoietia.ltispankuIady.-fulfol'
n:siduea such as beDfturaIin and p.Ha!1ate.

('.oImm

Wide bore capillary. !O m x 0.55 tom ill, coated with lOll'lL methy(lIJbotj"'....
polysiloxane liquid phase. 1-1.5 pm film tbicln_. bonded and crneIinked. For
eumple. DB-I; see Table 502. for equivalenlB. See Section 502 Co Recommended
Operating Procedure for Wide Bore Columns.
Column Operating Conditions:

l!O" C isothermal
Carrier gas: helium; acljuIt flow rate wbile column lemperature is 200" C 10 that
chlorpyrifa. eIutea in about 4.0 ± 0.5 min; then change column temperaIUI'C:
without changing flow controller.

Injector temperature: 220-250" C

Dele ...

Electron Capture (EC)

Detector Operating Conditions:

55O"C

Nab-up gas: nitrogen or 8lJOII/metbane (95:5). at!O mLImin

See Section 505 8 for other information about EC detector operaticlo.

While column temperature is 200" Co let cIetector eIearonia (8"'I"jfication.
attenualion) 10 that response to 0.15 ng chloiptiifoll (or an amount within the
deteetor'slinearJ'llllge) is5O'J>fuBsc:aJeddlec:tion: menchangw!cohmm.piiij....
mre without changing electronics.

Example chromatognliil is on next jIIIJ'!.
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GL.C. 1CX1J6 AETHYl. SIl.DXAIE. 1:rt C. FPDP

~

Deter1lliDathe atql is applicable to residues or high wIatUIty (early eIutioo) aDd
containing phOllpborus. It is particularly lDdU1 for J'CIidqes IllCh • meviDphoI,
acephare. demetnn, and diaotophO&.

cw-
Wxle bore ~ilIa1J. !IO m X 0.55 mm ill, coated with lOO'Jfl methyllll"oti........
poIysiloxane liquid phae. 1-1.5 J.IID film thichea. bonded and ac.IinW For
elIIUDpJe. DB-I; see Table 502.. for equjvalenlll. See Section 502 C. Iteoommended
Operating Procedure for Wtde Bore Columns..
Column Operating Conditiona:

IllO" C isotbermaI

Carrier gas: helium; adjust flow rate wbile co1Imm tempenture il2OO" C 10 that
chJ6iptiDos elutes in about 4.0 ± 0.5 min; then change column lmIpenture
without chllllging flow controner.

IJYectnr rempenature: 220-250" C

Dete • [M

F1ame photometric, phOllpborus mode (FPD-P)

Detector Operating Conditiona:

22S-25O"C

See Section 50S C for other information &hout FPD operation.
While column rempenature iI 200° C. let deteaor elec:ttoaia (araplifkatioo.
attenuation) so that rellpoDle to 1.5 ng dOOiptdfOl il50% fu8 sale dcflecrioa;
then change column temperature without cbanging electronic:L

Enmpk chromatogram iI on nest page.
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GLC. 1lD'J6 NETHYL. SII.l1XA/tE, 13l1' C. B.lDJ(

AprHreNIIty

DetenJliDall\'e step is appIkaNe to residues of high wladIity (early eJutioa) and
coDllIining baIogen. It is particularlyUIdUl for residue! tueh .. the methyl eIta'I of
dicamba, MCPA, mecoprop. dicbIorprop. and IIihoeL
('.oImm

Wide bore capiJlary. 1lO m x 0.55 mm id, c:oared with 100$ methyllnbpjtu.rd
poIysilo_ liquid phase. 1-1.5 JIm film thickness, boDded and a .. tinW For
nample. DB-I; lee Table 502.. for c:quivaIeDllI. See Section 502 C. Rewmmmdrd
Operaling Prucedwe for Wide Bore Columns.
Column Operaling Conditions:

I!IO" C isothermal

Carrier gas: helium. about 20 mLlmin
bgector temperature: ft6.Z5O" C

Dele b.

E1eeuOCOilductivity. halogen mode (ELCD-X)

Detector Operating Conditiona:

Base temperature 250° C; fumace tempel'lllUl'l: 900" C (or • BpeCiIic:<l in~
ingmanual)

lteactorgas: h,.trogen.flowasrequind byspedficdeteaormodel;_operadDg
manual

See Section 505 D for other infonnation about ELCD operation.

Set detec:for eIec:tronia (amplification, attenuadon) 10 that reI)JOIIR to 0.5 ng
penlllChlorohenzene is~ run lIClI1e deflection.

Example chromatogram ill on nen page.
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GLC. 1£D'J6 ftIETHYL SIl.DXA1E. 23Cf C. EC
AppIbNIIty

DetermiDaliYe *p is applkable to residua of _ voIadlIty (IaIe eIudoa) md
containingbalogen, sulfur. orothere1ecttophi1icmoie1ia. It ispanicuIarlymefulfor
residues such 81 pyretbroids. with Judog1:n (permetbrin, fenvalerare, deli:ametbrin)
or without halogen (tetrametbrin).

C-.-n
Wide bore c:apiIIary, !O m x 0.55 mm id, C08ted with lOOCJ(, mcdayIlIllbIdtutcd
polyliloDne Jiquid phase, 1-1.5 pm film thktnetl, bonded md ao8I'inked For
example, D~I; see Table !iOh for equivalCOlS. See Section 50% C, Recommended
Operating Procedure for Wide Bore Co1umna.
Column Operating Conditions:

2lIO" C isothermal;ifn~,lKljuIttemperalW'C1O thatre1aliw: retention time
(m) to phosalone ofcis pennethrin is about 1.55.

Carriergas:helium;lKljuItflowratelOthatphosaloneelutesinabout8min (about
18mL/min).

Injector temperature: 2SOO C
Deter..
Electron Capture (EC)

Detector Operating Conditions:

lI5O" C

Make-up gas: nitrogen or lIJIOD/metbaOe (95:5), at !O mL/min

See Section 50! Bfor other infonnalion about EC detector operadon.
Set detector e1ectrDDia (amplification, attenuation) 10 that ieap<HUe to 0.5 ng
phosalone is SOw. fuD lICa1e deflection (FSD).

OIlIer ea·', rh
DetectoraensilivityiDUltbe IU8icienttome.ure residuaofpyretbroidaatg).1 ppm.
where lOme tolerances are lICL

Example cbromatognun is 011 next r-ge.
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0011 GLC. 1lD'J(, AIETHYL SIl &ME. 23Cf C. FPDP
AppHceNIhJ

Dcterminaliw step is appJic:able to residues of low wIadIity (IaIe elution) md
conginingpholphorus.ltlsputiculadyusefulforresidueslUChasllODlCorpnopb_
phoros pesticides. Ibeir oxygen analog auIfones and sulfoxides, and lIIyI phmpbate
industrial chemicals.

CcjImnn

Wide bore capiJlaIy. 1lO m x O.5S mm id, COIIIIJd wilb 100'1> metbJI ""ki"""'
pol}'slJODIle liquid phase. 1-1.5 pm film thicknCll, bonded and crcJIIUVed For
example. D~I; see Table 502.. for equiva)entl. See Section 502 C. Recommended
Operating Procedure for Wide Bore Columns.
Column Operating Conditiolll:

Z!IC)O C iIotbermaI; ifneee.ary. acljust JeI!Ipetature10 that reIaIhe retention time
(nt) to phOAlone ofcoumaphos is about 1.56.

CuTier gas: helium; acljust Oaw rate 10 that phOAlone elutes in about 8.5 min
(about 18 mL/min).

Injector tempeIlllUre: 250" C

DeelCl.

Flame photometric, phoephonll mode (FPW)

Detector Operating Conditiolll:

225-25O"C

See Section 505 C for other iDfonmtion about FPD openDon.

Set detector elec:tronia (amplification. auenuation) 10 that ia,.-onR to 7.5 ag
phoealone is 50'1> full scale deflection (lSD).

Example chromatogram is on next page.

T_No.!DD,('Qf'_
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DG12 GLC, 1aJJ6 ftETfM.. SILfJXAIE. 230' C. a.mx
AppHaNIly

DetermiDatige step is applicable to raiduea of low voIadIity (\ate eh ' ....) aDd
cootainjug halogen. It is particuIarty II.Hi'1 for residues IIUCh a balogenab:d~
throids (qfluthrin, aIpba-qpermethr):"T

e.m-
Wide bore capillary, !IO m x 0.55 mm id, c:oated with 10C)fJ, methyl ..........
polylliloxane liquid phase, 1-1.5 pm film thidn-. bonded aDd w-Jjnlrc:d For
esampIe, DB-I; Bee Table 502-e for equivalena. See Section 502 C. Recommended
Openuing Procedure for Wide Bore Columns.
Cohunn Openuing ConditioDl:

2!10" C isothermal;un", 'Y, 8IljUIt tempeDlUJ'elO thatreladve _ .... time
(rrt) to phOlll1one ofcis permetbrin is about 1.55.

Carriergas: heJiumorhJdrolen; 8IljUItflownteIO thatphOl8kmeehuainabout
8 miD.

Injector temperature: 250" C

Dllle_

E1earoconductivity, halogen mode (ELQ).X)

Deteetor Operating Conditions:

Bale temperature 250" C; furnace tempeDIUJ'e 900" C (oralpC' ilied in operal
ingmanual)

Iteactorgas:hJdrogen.Bowa required byspecilicdeteetor model; Bee opendng
manual

See SectioIl5O!l 0 £oF other infoI ifW.... about ELCD operation.

Set deteetor eJec:tronia (amplification, attenuation) 10 that respclIIIe to 18 ng
phOl8kme is 5O~ fUlllIClI1e defection (fm».

DeteetorleDSitivirycanprobabIynotbe ina tUt II tolDllfdl thatoCDGI0,£oFthe_
residua.

Elrample chromafDtV8ID is on Den pBF.
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AppIbNIt)'

Determinathoe step is applic:able to raidues containing halogea. 1IUIfur. or odler
electrophilic moieties. It is a general pwpose IJIleDI, butsuJ¥ct to intetfa_by
nonpesticides.

~

WIde bore capiDary. !SO m m x 0.55 mm ill, coated with~ phenyl, SO" metIIJI
sub8lituted po1ysiloDne liquid phase. 1-l.5 IUD mm tblelm•• bonded and cr.-
linked. For example. DB-I'!; see Table 5Of.e for equiwlenlL See Sec1ion 502 Co
Recommedno:d Operating Procedure for WIde Bore CoIumna.

Cobnnn Operating Conditiolll:

200"Co iaodlermal; lfnee 'Y. acljIIIl teIDper8IDre10thaire1alive reteJltiontime
to cbIoiptIlfus (rat) ofp.p'-DDTII5.5±O.07 or rat.ofeibion is 5.!6±0.07.

Caniergas:belimn;acljIIIlf10waate10 thaicb1oaptIifoeelulainahout4±0.5min
(about 20 ml/min).

Injector tetnpendUI'e: 250" C

Dell b

Electron Capture (Eq

Detector Operating ConditioDJ:

55O"C

Make-up gas: niInlBeD or argon/medwae (95:5). at !SO ml/min

See Section 50S B for odler information about EC detector opeaation.

Setdetector eIectronia (amplificalion. aaenuadon) 10 thaii~ to 0.15 ng
cbIoaptIifua (on an amount within the detector's &near aange) II~ fWIl1Cl11e
deflection (FSD).

OIJIerC ........

Rn.sandngreqWredtoc:auseSOtiFSDrespoiIlearelilledlnAwndi'tI,H!SIUATA
(iDlIilf data in PESIDATA were c:ollected using equivalent ......ed cobamn). It&
sponse data in Appendix I are I8ed on detector sensitivity of50ti PSD to 1.5 ng
chJoiP7ilfus.

EYaIIlJl'e cbromaiopam II on nat p8ge.
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0014

Dete:rminathe step is applicable to raidua containingphoIpbOl1lL It isputicuIarIy
wrcful for raidua such-. organophOllpbate peatidda..
CoJnmn

Wide bore capilJaJy, !O mm x 0.55 mm id, coated wilh 5O~ phenyl.~ methyl
substituted polylilODDC liquid phalc, 1-1.5 JUD film tbickn-. bonded and aa.
linked For examplc, DB-I"'; lee Table 50!.. for equivalcnll. See Section 50! C,
Recommended Opcraling Proc:edun: for Wide Bore CoIumnL

Co1umD Opcraling Conditions:

200"C, isothClDllll; ifnec 'Y.a«§UIt temperature 10thatrcIaIhoe rccmlion lime
to chloiptiifoa (me) ofetbion islloM ±0.07.

Carriergas:hcJium;a«§UItftowtate10 thatchloipttlfoac1utainabout4±0.5min
(about 20 mL/min).

Injector tempentture: 250" C

DE. I••

FIamc photometric, phoaphoiUS mode (FPD-P)

DeleCtOr Opcraling Conditions:

225-25O"C

See Section 50! C for other InfotmalioD about FPD opcraIion.

Set dcleCtOr c1ecIroDia (unpljficarion, attenuarion) 10 that i..... to 1.5 ng
chIotpyrifoIis~ full DC dcflecrion (FSD).

A propcrIy func:tioning IJIfeII1will give. raponIC to 1.5 ng 0IllCth08IeaC~
FSD.

OlMrCo 't.....
Rrt sandngrequitedtocu.e~FSDrapomcareJistedinAppcodblI,PiSIDATA
(tMny dala in PESTDATAwere coDected using equivalentpded c:oIumn).

FxampIc cbromalogram is on nat page.
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GLC. 5OJ6 PI-ENYl.. 5OJ6 AETHYI.. 51 rtKNE.
23C1' C. FPDS

AprIl ....,.

DeterJDinathle step is applic:able to residuescoulJliningsulfur. Itisputicularly1DdUl
for residues such as propargite. lhiabendazoIe. and ethofum=te.

CoInnm

Wide bore capilJary. !IO m m x 0.55 mm id, coated with !iO'Ai phenyl. !iO'Ai methyl
substituted polysikmlDe liquid phase. 1-1.5 I1IIl film thicbl-. bouded and ac.
linked. For example. DB-I"; see Table 50k for equiva1enlL See Seclion 502 C.
Recommended 0peratiDg Procedure for Wide Bore Columns.

Cohmm 0peradDg Conditicma:

200"C. isothermal; ifnee 'Y. adjust temperature10 thatrellllhe retention time
to chlOifJ7iifos (m.) ofethion is !.M ±OJY1.

Carriergu: helium; lKljuItflow rate10that chI61fJ7iifoseIuia inabout4±0.5min
(about 20 mL/min).

Ityeaor temperature: 250" C

Dati 1'+

Flame photometric, sulfur mode (WI)S)

Detector 0peradDg Conditions:

22>25O"C

See Section 505 C for other information about FPD opalllion.

Setdeteetorelc:ctronia (amp\ificalion, attenuation):=~po-!hIe
response (50~ full scale dellection [FSI,))) to 15ngGils r ooaNc).

OtberC ..............

Detector is not lineu; quandlal10n of residues may be calnJlpte<1 from c:aIihraIioo
~ (reaponse w amount injected).

lbt landngrequired toc:auae50~FSDleapoDKarellstedInAppenclblI,PJ!SIDATA
(tnBny dala in PfSfDATAwere collected UlI1ng equivalentpacked column).

Example chromatogram is on next page.
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.App'keM'fJ

De~ IItq) is applicable to raiduea coolllining balogen. It is pu1ic:uIarIJ
useful for residues lIUCh as cbIorinated hydrocarbon pesticides and polydlIorinaIed
biphenyls.

c--+-n
Wide bore capillary. 1IO m m x 0.53 mm id, coated with~ phenyl.~ JDdbyI
sublUtuted polysiloune liquid phase. 1-1.5 JlID film thlem _. boDcIed and~
!joked For nample. 08-1'7; Bee Table 5024 for equivalents. See Section 502 C.
Recommended Operating Procedure for Wide Bore Columns.

Column Operating Conditions:

200" C. iIothennal; ifoec:aaJY. adjult temperawn:10that~_tioalime
to cbIorpyrifos (m,) ofp,pt-ODT is 5.5 :to.07.

Carriergas:heDum;~fIowratelOthatchlorpyrifOlem-inabout4:t0.5min

(about 20 mL/min).

Injector temperature: 250" C

Detedui

Elec:troeonductivlty. halogen mode (ELCO-X)

Detector Operating Conditions:

Bale temperawn: 250" C; furnace temperature 900" C (01' as spedfIed in opa...
ing manual) ,

Reactorgas:hydrogen,ftowasreqWredbyspec:ificdeteetormodcJ;Beeopallliu&
manual

See SectiOD 50S 0 for other information about ELCD opaaIion.

Set deteetor eIec:uonic:a (amplific:ation, aIlaluatioD) 10 that ieot- to 1.5 ng
chlorpyrifos is 50,*, fun scale ddIectioo (FSD).

o..-C .r ......

Rrt sandngrcquiredtoawse5O'J> FSDresponsevelilledinAppendbtJ.riSlDATA(man, daia in PFSIDATA were colIeaed using equivalentpacked roIumn).

Example chn>lIIlItogi3iIlis OIl oatpage.
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SEC1lJ'j 302

ac. 5C1J6 Pf£NYL 5C1J6 AE7HYI.. 51 C'D(A/'E.
2Cl1' C. N/P

App'kaMhy

DetenDiDative Ifq) is applicable to raldues concaiDiDg Diuoseu- It is puticuIarty
usefu1 for residues lOch • triazines, ttiazoles, and 1HPI (c:apI3D metabolite).

CoJnmn

Wide bore capillary. !IO m m x 0.55 mm id, coated wiIh~ phenyl. SOw. medayI
suhsdtuted polysiloDDe Iiqujd phase, 1-1.5 IUD film thickn-. bonded and aOD
linked. For eump!'l, DB-l'1; see Table 5O%-a for equivaleDlL See Section 502 Co
Recommend<ed Operating Procedure for Wille Bore Columns.

Column Operating ConditioDl:

200"c, isothermal;ifn~,adl1IIttemperature10 thatrelalhereteDtion time
to cblcnpyIifu6 (m.) ofethion is 5.36 ±0.07.
Carriergas: he!ium;lM!justftowratelO thatcblcilpytlf..elutes inabout4±O.5min
(about 20 mLImin).

Injector temperature: 250" C

Dell hi.
AIbIi bead detector, nitrogen se1ec:me (NIP)

Detector Operating ConditiODl:

250"C

5.7±0.1 mLImin hydrogen and 110 mLlmin ail'

See Section 505 E for other infurmation about NIP detector operlltioD.
Set detector electronia (amplifkadon, attenuation) 10 that iespo-__ to 1.5 ng
cblotpytif06 is~ fUll scale def1ec:tion (FSD).

A properlyfunctioning 6f6lem will ghe a taponse to 1.5 ng ometholIteClf~
FSD.

Rn••andngrequiredtoc:ause~FSDiCipOD&eareliltedinAppencliK"PllSlDATA
(DWif data in I'FSmATA were coIIec:ted using equi9aleDt pIIChd column).

EnmpL: cbromatngnm is on nat pIIF.
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0018 GUJ, 5O'J6CY~ 5O'J6 AIETJ-M.
SIL.ClXA/IE. 2CCf C. EC

AfPbNlity
DeteJ'lDiDalM: step is appIicabIe to residus COD •• baIogen, sulfur, 01" otbcI
electropbilic moieties. It is a general~s,..::~ to inlCiferenas from
nonpesticides; it is particularly uaefuI for separating BH iaomen and ......,.Joro.
benzene.

eoa-n
Wide bore capillary, 50 m x 0.55 mm ill, COIIted with !lOW. cymopropyIpheuy!lOW.
methylllUbltimted polJliloDne liquid phaee, 1-1.5 pm fIIDi thic:bai, lxmcfecI and
aosHinhd. For eDDIple, D&-225; lee "fable 502.. for equjyalenlL See Section 502
C, Recommended Openting Procedure for Wide Bore tolumns.
Column Operating Conditions:

200"c, iIothermal;lfne< c ry,lIIljuIt 'C""f'ClldUleSO thatrelalheretJeDtion lime
tochlorpyrifOl (rrt) oflindaneis 0.69:t0.02 and p,p¢-DDTisll.6:t0.06orrrt of
ethion is lI.9:t 0.1. c

Carrier gas: helium; lIIljuItOow rate so that chIotpyilro. elutes in about5.5 :t0.5
min (about 20 mL/min).

Injector temperature: 250° C

DUec'"
Electron Capb1re (Ee)

Detector 0penIting Conditions:

!ISO" C

Make-up gas: nitrogen or arp/metbane (95:5), a 50 mL/min

See Section 50lI Bfor other iDformation about EC detector operation.

Set detector electronia (amplilic:ation, attenuation) so that lespoIW to 0.1511I
ch1olJlYlifOl (on an amount within the detector's linear nnge) is !lOW. fUII scale
deflection (FSD).

OdIerC wi' .......

Columns CODDining cyano moieties in lhepbaIe__he confleC!"d to nitnJRat
selecdwe or electrolytic conductivitydeteeton, so this column cannot be used wiih a
differenl detector to confirm residues tentatively identified uaing this
.,.rem.
Rnsandugaequiredtoawse!lOW.lSI>respotIIearelisledinAppendIzI.riSlDATA(many data in PESTDATA wae coDected using equivalent .....w coInmn).~
sponse data in Appendix I are baled on detector seusitivity of !lOW. lSI> to 1.5 ug
chlotpytifOL

&ample chromatogtam is on neltt page.

,T_No. lIXI)., (10/'___... lIIIlollVlll!l 302-67
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CX319 GlC. 5m6 CYA1ID'FlPYI.PfEJ. 5m6 AIETJM..
SII.IJXAIE. a:xr c. FPDP

DetenDinative step ia applicable to residues coulll!nlngphCllphOl'UL It isparticularly
useful for residues such-81 orgaJlopl>ospbatr pes!iddes.

Co'

Wide bore capillary. !lO III x 0.55 mm id, ooatrd with~ qanopropylpbenyl, sow.
methyl substi!Utrd polyslloxane 1iquid phase. 1-1.5 pm film thic:btii,booded and
croa-linked. For eumpJoe, DB-225; see Table 502.. for equivalenlS. See SecdoD 502
C, Recommended Operating Procedure for Wide Bore Co1umDs.
Colwim Operating Conditions:

200"C,iaothermal:ifnec ·y.MtiuatlempeUWilelOthatrelalheretentiolldme
to chlOlpyrifos (nt) ofethion is 5.9±0.1.
Carrier gas: helium; lKljust flow rate 10 that chlorpyrifoI ehrtes in about 5.5±0.5
min (aboUl20 mL/min).

Injector remperature: 250" C

DececlCii ,
Flame photometric, phCllpholUl mode (FPD-P)

Detector Operadng Conditions:

22&-25O"C
See Section 505 C for other InfoI'llllltioD IIhout FPD operation.

Set detector eIectronia (lUDpliflc:ation. attenuadon) 10 that lapo_ to 1.5 III
chlOlP7lifos is sow. fuD ae deftecrion (FSD).

OtherCo 'I ......
Columns courainlng qano moieties in the phaIe _ DOl he c:onnec:trd to IlicroR'en
1e1ecthl: OJ' e1ectrolylic: c:onductiYity detrcton, 10 thia cohmtn caDDot he URd willa a
different detector to confirm residues tentatively identified uaing lbia
system.

Rn landngn:quired toCllUR5O"; FSDreaponseareliatrdinAppendid.PiSIDATA
(rDnydata in PFsmATA were collected uaing c:quivaIent paded cohmtn).

Example chromatogram is on nen page.

T_.... 1II»1(1011_
_FDl_1IlIlI2I 302-69



SECTION 302

1

2

3 4

5

p p' ... AnIlIflbj ......VIII. I

o 5 10

300-70

DGl18
a.u....."at: 1J QS,. .......*IapI.... 2) 1.0III..... 8) 1.0 .........
411.Il~cI"pp"''''!l),.O~n''''~_.''Gi_.Me 7 P



303: METHOD II FOR NONFAnY FOODS
B45CFlJDDa

MiIJs, PA, II tJl. (196!1)J A.uoc. OJ!. Ap. CiIa .., 186-191

GE/IERAL~
Raidues are eItraeted by blending with acetoniaile or water and aa:toDiaile, !ben
transfeIRd into petroleum ether by Iiquid-Ilquid panitioning. Sublequent deaDup of
the extractwith FloriBil column chromatography itllUllS in an extractsuitable for*'
mination byGLC; two elution iJIIleDd produce different elution patterDI, usefiJl ina
finnatory or additional atUdJ-.
The amount ofsample tepreleDted in !be finallOlution II calm......, from the aliquotof
acetoniaile extractused and !be paoponion ofpetroleum ether lCUile¥ed from die JIIIi'"
titioning step; thiI calculation II WIid onlywhen the original mrered extract is hClmlliF
neous. VariatiODll in the exblLlion step are used for produc:lS ofhigh (>6$) IIapra
tent to eDIUI'e hc.mogeneity.

APPLC'ABI.ITY
Consult Guide to PAM I for additional information pertinent to the lippiopiale lIppIi
cation ofmultiresidue methodology.
Method is generally applicable ro relatheb'nonpolar residua in _tty(U""••Ii,ia,
i.e., fruilS andwgetables containing § gfluin 100gllDlple.ExttIllClion J!,1 is .,pkable
ro produclS with high moisture (>75$) tontent; that emllCtion is aIIo applicable ro
eggs if;S:: size is reduced (Emaction EI). F.maction Ell is applkaNe ro dry prod-

=:r~~S:~~l~~-:'=.%~::;~~,r~:
cleanup step pmlenlS applicability to \'elf polar Iaidues. See1lIbIe !lO!kI, following !be
method description, for resullll ofrecovery tellS.

AETfaJ A«:IV ES
CbOOlle from these method modnla, using FIgure !lOs. for guidancr,

Em8dion(E) Rec ·~d .0. [Ql
£1 (p. !JOS.7) Emaction with acetonitrile, partition froitaand~

into petroleum etherwith high moisture (>75$), and lowZ
(<5$), low fat (

E2 (p.305-8) Emaction from "lIP with acetoDitrile, wholeqp
partition inro petroleum ether

ES (p. ll()S.9) Emaction with water/acetonitrile, dried .wbi1a.
partition inro petroleum ether • and olber foodI with

C'~iIInR (<'15$),
low fat (<2$)

E4 (p. !105-9) Emaction with acetonitrile and water, froita and other foods
panition inro petroleum ether wilb high .... (M5$)

E5 (p. !JOS.I0) Emaction with heated acetonitrile fruita and other foods
and water, partition into petroleum wilb \'elfhigh IIapr
ether (>15$)

303-1



SECTION 303

a--•• (C)

pi .........' ... M8lull1otL I

CI

(p.~14)

F10risil coluum cleanup. wilb three
etbyI elber/petroleum elber eIuan..

F10risil coluum deanup. wilb three
methylene cbloride eIuan..

for rdIIhdy DODpOIlIr
iesioNes

alJelillllive 10 CI. some
additioaaIl'ClIid1Ra Ie
coveted

Detea 1 ...... (0)

(See Section !02 for run cleWIs ofGLC moduIea )

DG I (po. !02-!lJ) GLC, 100," methyllIiIoDne column,
200". EC deJeCiOJ'

DG 2 (p. !02-55) GLC,I~ methyllIiIoDne c:01umD,
200".~p

raidws wilb baIogeu.
sulfur, other moiedes

iaidaes wilb
pbOlph-

DGS (Pi!lOM7) GLC,I~ methyllIiIoDne c:01umD, I'ClIid1Rawilb halogen
200". ELCD-X

DG4 (pi !02-!l9) GLC, IOQ'A; methyllliloDne column. J'akbwawilb • ...-
200". ELCJ).N

DG5 (pi !02-4I) GLC, 100," methyllIiIoDne cohnDD• I"'Iicbla wilb • ...-
200". NIP deteeiOr or phoIphoruI

DG 7 (po.!02-45) GLC, 100'" methyllliloDne column, early """"'I ttsidpes
IW. EC deJeCiOJ' wilb~ sulfur,

other JIlOlelia

DGIO (p. 502-61) GLC,I~ methyillilopne column, _ eludDg J'akbwa

2lIO". EC deteeJor wilb baIogeu.lIUIfur.
olber moietia

DGI2 (p. 502-55) GLC,I~ methyllIlmame column, _ eIutiDg J'akbwa wilb
2lIO". ELCD-X halogen

DGIS (pi!lOU7) GLC,~50," methyl raidna wilb.::::-
siIoDne 200". EC deJeCiOJ' sulfur, other •

DGI4 (p. 502-59)
~~~="

raidwswilb
phOlpb-

DGI6 (pi 502~) GLC,~:t-~methyl raidws wilb halogen
siIoDne ..200". ELCD-X

DGI7 (pi 502-$) GLC, 50,"~=t~ methyl 1"'Iicb_wilb DiInJBeD or
siIoDne co 200". NIP deJeCiOJ' phOIph-
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Figure ...
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VA/CJ41U11
Many wmbjDatiOlll ofmetbod modules am flC*I1JIe. The roDowiDg comlMnaricms have
undergone interlaboratory validalion and are recommended fm UIe:

D+Cl+DGl

~re:pona:

Krause. R.'l: (1966~"in.1!: AIItIL CInL 41. 460-465. CoBaborathe IbIdy
leading to AOAC • action IWUI for aldrin, DDE, and metboxydllor
in potatoes.

"
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Gaul,J. (1966)]. A.ssoc. OJ!. AlI4L CMa..465-467. CoIIabcJnIiRItIIdy
leading to AOAC official final accion _ for lindane, heptKbJor, and
mE in endive and cauHflower.

DavidJon, A.W. (1966)]. A.ssoc. OJ!. AlI4L CMa e, 468-472. CoIIabcJnIiR ItIIdy
leading to AOAC official final action _ for BHc, p,p'-DDT, and endrln on
apricoIs and iUawbenies.

WeI1a, C. (1967)]. A.ssoc. OJ!. AlI4L CMa 11,1205-1215. Intedllbontoryltlldy
IUpportingvalidityofmethodfor 52raidnet in fiw: groupaofnonliutycommocJL
ties; studies supported eltteDSion ofofJJciaIlWUI for previouslycolJahoi!lled rai
dues in 15 additional commodities.

BWte,JA (1968)]. A.ssoc. OJ!. AlI4L CMa 51, 511-514. Intedllbontory ItIIdy
aupporting validity of method for nine ft"S!dtMs in 21 IIOII6Itty foods; IIUdJa
supported extenlion ofofficial_ for previouIly collaboraled psjdpa to
15 additional commodities.

Knwae, Jl.T. (1975)]. A.ssoc. OJ!. AlI4L CMa N, 721-727. CoIIabcJnIiR ItIIdy
leading to AOAC ofJJciaI fioa1 action _ for dIeJdrin, hepeacbJor epolride,
mirex, and Perthane in apples and canl1flower.

El +Cl + (piedec III C tID) DG5

v..lidariou JqlO11I:

WaR1,J.ll. (-:I;A.ssoc. OJ!. AlI4L CMa 51, 4lIO-U9. CoIIaIJoraIiR ItIIdy lead
ingtoAOAC . finalactionltabUford1azlnon,ethion,gpJathion,pualbion,
paratbion-methyl, and ronnel in lettuce and appta.

Finltenralder, C. W. (1976)]. A.ssoc. OJ!. AtIIII. CMa 51,169-171. CoDaI._1IIhe
ItIIdy leading to AOAC official final actioo IWUI for pamhion in bIe.

WeI1a, C. (1967)]. A.ssoc. OJ!. AlI4L CM& 11,1205-1215. Intedllbontoryltlldy
supportingvalidityofmethodfor52relidlles in fiftgroupa ofnonliutycommocJL
ties; '",dJawere larerrefaenced (BWte,JA (l97l)]. A.ssoc. OJ!. AuI. CM& H,
SZ!>-5Z7) .uupponforextensionofofJJciallWUlfordiazlnon,eChion,...thion,
parathion, parathion-methJ and ronnel in bader, biou:oli, caIJba&o:. canom.
e:auJif1ower, cuannben, grapes, green peppen. ",,"!'I'd greem, oats, JK"a"'e'I,
lIlJU8Ib, tomatoes, tumipI. lUnIip greens, and wheaL

EZ+Cl+DGl

Validation report:

PiJurerwaIder, C. W. (1976)]. A.ssoc. OJ!. AlI4L CM& II, 169-171. CoIIaboraIhe
ItIIdy leading toAOAC official final action IWUI foro,p'-DDT, p,p'-DDT, and
p,p'-DDE in bIe and p,p'-DD£, dieldrin, lindane, and hepachlorep"'lde in
eggs.
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ES+CI+OOI

Widation n:pmu:

Burke,JoA. (1971»). Aalre. OJ!. A_ CAaL M,525-527. Iteferenad the fuIIow
ing pubIicatioDa in a reeommendallon to extend offidaIllaIUI to UIIilCIkm IIep
ElJ (for low moisture commodides) for previously collaborared ,..mlles on bu'
ley, com mea1, bay, oaa, popcom. and wheac

Benuzzi, P~ III til. (1967»). A.uoc. Off. AlIa1. a-. N, 68627

WlldeJ1llllll, Mo, and ShUJlllll1, H., (1968»). Aalre. OJ!. AlIa1. a-.
51,892-895

Burke,JoA., III til. (1971»). A.uoc. Off. AlIa1. a-. M, 142-146. EvaJu.
don of two extraction procedures.

Ef+CI +ool ....E5+CI +001

Burke,JoA. (19'10»). Aalre. OJ!. AlIa1. a-. 55, !l55-M7. 1Wen:nald the rouo.
ingpub1ieation in a recommendalion to extend ofIidaJ IlaIUI to cmacdoa..
E4 aud E5 (for commoditieswith high sugar) for pievioualy collaborared raid&
dues:

Porter, ML., and Burke,JoA. (1969»). Aalre. OJ!. AlIa1. CAaL 51, 1~1285.
Description ofway to accornmodere c:mnmodities with biBb 1UpI".

ForaD combinadoosabove,AOACol6c:ia1 method u:('erence: OfIidlIlMethocllof~
of the AOAC (1990) 15th eeL, 9'10.52 A, B, Eo H,I,J, It, 0, and R.

U+CZ+DGI

Widation n:pmu:

MircbeD. L.E. (1976»). A.uoc. OJ!. AlIa1. CMa 118, lO9-2l2. Co1IahoIaIhe IIbIdr
leading to AOAC offidaI final action _ for eudCllUJfan, endc-,Jfan~,
tetradifon, and lletI'lIIU1 in apples and eunIJuben.

McMahon, B.M. (1988»). A.uoc. OJ!. AlIa1. a-. n, 94-97. Preaenllllioa ofad
didonaIwIidation dalafor previouslyc:oI1aboratedresidues to 29 additIoo8I c0m

modities.

AOACofIic:iaI methodu:l'erence: £!tJKiIIlllllll'''''s''~''.Aa.tC(I990)15th cd,
976.25.

,(
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E1 EXTRAC1DI/ WTTH AlEfCNTRILE. PART1TDV IIITD #'Elm R 1M
ETI£R

MilIa, P.A., "aL (1965) J. &soc. OJ/. APe- CIaL 48, 186-191
POrtft", M•• "aL (1967)J. Ass«. OJ/. AtItIl. CIaL 50, 644-645

... rfp'.

Residues~ extraaed from high IJIOiItuR~ by a IiJIBIe NrncIlngwith~
trile, a sohent miscible wilh the water in high moisture produca and aIIo ,.,...., of
dissolving organic residues. An aliquot offiltered exUKt Is dDuted with water and.
dues~ trlIIISfem:d into petroleum ether by Jiquid.Iiquid putitioning; uamCer to hJ
droc:arbon sohent and remowI of aD traces ofpolar-acetoDitrile permit P'heequcnt
cleanup on F10risiL Amount ofsample repraented in final solution is cplrolated fiom
aliquot of acetonitrile extract UIed and proportion of petroleum ether leuic:teel fiom
panilioning step.

At1*....
blender, high speed; exp1oIion-proofWariDg BIendor. 1 qtjlr

Biichnerfimnd (BUchner), pon:elain, 12 an dlameler

filter paper. Shad:. Skin-. to fit BUchner

~ c:yIinden (graduaies).gIag«oppered ~).loomL,andplain.

Kuderna-DaniIh concentrator (K-D).500mL,withSnJderco1umn,gradu
ated or plain tea:iving flask

aeparatoty funnel (separator). 1 L

vacuum fiIaalion flask, 500 mL

R g ,

acetonitrile. disdlled from aJl.tI- appandUI; ICC Sedion 2CK for diIciIJa.
don directions

bomng chips, 20-!0 mesh carborundum

petroleum ether. disliIIed from aJl.tI- apparatus

sodium suIFaie. anhydrous, gnnular. reagent gnde; ICC Sedion 2CK for
handling dln:c:dona

DhertL_

• 0J0p or bleud repraenllllive sample. WeiRh 100 g sample into
blenderjIrand add 200 mL acetonitrile (10 g Celiie maybeadded.
filter aid).

• Blend l! min at high IIpeed and filter with IUCdon through BUchner
fined with filter paper into wcuum filtration o.t.

• TnmIfer fil1l'a1e to 250 mL gnduate and reconl9Olumc (F).

• TnmIfer=:I 21 eel volume offiIll'aIe to 1 L 1ICJIUlUIOr.
• CardiJIIy m: Fue 100 mL petroleum ether in __gnduate UIed to

measure filiered exu-."J and pour into sepuator CODJaining exnacL
Shale yigorous!y 1-l! min.
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• AddIOmLawratedlOdiumchloriduolutioDmel600mL_.HoId
separator in horizontal position and milt vigorouoIy !IO-451eC. (Jmd
~mildngmaylead to IowreoHeliesof_patirideI. e,g~BHe,
IDE.)

• LetIayen separate. dlIcardaqueoua••and FUllywadto-tJa,a'
with two lOOmLponionswarer. DiIcard,.....,. trlInIferlOMntlaJer
to 100 mL r graduate. mel record volume (P).

• Add about 15 g IIOdium IUIfiIte to JlllIduate.ItOpper. and shUe "fi&or
ousIy. Do not letc:uraet remaln with IIOdiumIUIflIrc>1 hrOl'Io.aof01"
ganoch1or1ne pesticidea by adsoIpdon may n:suIt.

• Transferl101utiondirectlytoFIorIsiJ column, CI ora.OI'aJllCeDtrate to
S-IO mL in &D for trlIIIIfer.

• Calculate weight sample p1llcecl on FIorIsiJ column as:

F P
g-Sx-x

T 100

where:

S - g sample esttaeted
F '" volume offiltered acetonitrile atIat

T - total volume (mLwater in Ample + mL acetonitrile added
correction in mL for volume contraaion). 5 mL contraaion
volume is URd for lIO-95 mL _ + 200 mL acetonitrile.

P '" mL petroleum ether atIat ltiWieied
100 '" mL petroleum ether into which ........__ pauili-'lDed

See Section 201 forperccn._ in commodity; 85'.' maybe
_uned for_fiui.. and~

ALTERNA7M:S:
E2 EXTRACTDJ FFD.A EGGS IMTH ACET'CXIITRLE, PARIIIDII

INTOPE11U.BJM ETI£R

WeIId,JA (1969)J.Aarae. OJf.AfttIL CMaII, 1~175

Dlteed_

• Blend mmbined~mel whites ofwhole eas lit low IpCed litIe.t5
m1noruntil-mpishOlllCJtlaleous.LowIpCedblencl!ngwiDminimir
foaming or whipping ofsample,

• WeighS!5gtlJorou&hlymbtedyulbmelwhila intoblencJerjllrand.td
200 mL lICetonitrl1e.

• Ptoceed. in EI. "Blend 2 min • high Ipeed._ ••

• Ca1aJIate g samp1e co be p1IIcecI on FIorIsiJ column • in EI. acept:

T '" 215 (15 mL warerin 25 gwhole eas + 200 mLlICeIDDiaiIe;
contraction volume is negligible).
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E3 EXT'RAC7l:W IMTH 35% WATER/ACETCNTRILE. PAHIIIOV N1D
PETFD.BJM ET1£R

N ..H....Itefia_

Bertuzzi, P.A.. fllIl. (1967)]. AssGc. Off. AIItIL CMa 1I.6!5-627

PIlL;:'.

Residua are extracted from noa&uy. low~oa:: by bIerufIng with
55% _/acetonitrile. Water in emaaantisn to obWn adequate atnC
tionofresidueafromlowmolamre~::a:(~mL)orfiltereddltiact
is dlluted with _ and reddua are into petroleum ether by liquid-
1iquid partitioning; ttaIIIfer to hydrocarbon IIOhoent and removal ofan tna:a or
polar acetonitrile permit sublequent cleanup on FIorisiLW~
dllution ratio of4:1 isusedfor ttaIIIferofreddua to petroleumether; Iatlicting
1I01ume offiltered estnIct to~mLanawa ea:baet, adequate_ forcfi1ution,
and 100 mL petroleum ether to fit in I L IeplII'lIlOr.
Directle _

• Grind ample to~ 20 mesh lIiege.

• Weigh 20-25 g lIllIIIJIIe into blenderjar. and add 550 mL 55%_I
acetonitrile(IO g Celite maybe added _ filter aid).lfluger -mp!e is
required. add suflident additional emaction mimJre to wet ample
and permit thorough Nending.

• mend 5 min at high .peed and filter with lUCtion through BUclmer
fitted with filter paper Into VIICIIUIIl filtration fIast.

• Take~mL filtered estnIct for analysis. Record 1IOIume (F).

• Continue _In £1. 'TranlICer meDured wlume orfil_ to I L
1eplII'lIlOr••••

• CakuIate g lIllIIIJIIe to be pIaced on DorislI cob..nn _ in £1. eKept:

T =mL_InDmp!e + mL 55'J, _/acetonitriIe. No c:orrection
for wlume contl'llClion is needed. If_contentora. is
<10'1>. disreganI it and use T.wlume exuacting mimJre.

E4 EXT'RAC7l:W IMTHAJ:ETatITRILEAfoD WA7ER. PAHIIIDI/ N1D
PETFD.BJM ET1£R

Porter. M.L.. and Ikute.J.A. (1969)]. AssGc. Off. AuL CMa 51. 1~1Z85
Pih dplx
Residua are extracted from nonfiltty. high moiIIure ...........wtitln thatconatin 5
15'J,sugarbyadditionor_andllUblequent~withacetonilrile. Water
is added to the product to dilute the effi:c:torsugar. wbich can ClIIIIe~

of_and acetoniuiIe phases In the filtered dltiact and thusd~,~
neityofthe ea:bactlOlution. Aliquot (S250 mL) orfilteredearaais with
_and residueIare transreued IntopetroleumetherbyliquidliquidpanitioD
Ing; ttaIIIfer tohydroc:arllonIIOhoentandremcwaloran tna:a ofpo....acetonitrile
permit subsequent cleanup on Dorisii.

303 8
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308-10

° Weighl00glllllDpleineoblmderjarandadd200mL_ltrileand50
mLwater.

° Blend2miDathigiupeedandfiltBwidlluctiontbrougbJkjcbnerfiaed
with filter paper ineo WCUWII filtration flask.

° Trausfer SZSO mL filtered extnK:t eo 250 mL gpwhmre. ReconI wIume
(F).

• Conlinue as in El. "TranIfer measumholuJlle eo 1 L sepuaIQI"••

• CaIcuJaIe g IIlIIDple eo be placed on FIorisIl rolutDD • in D. ft. ept:

T = mLwater in AIIIP1e + mL acetonItrile added +mLwater added
correction in ml forwlume conttaetion When 50 mL water is
added, Tis 525 for foods of85'K. water content. CoDUlICtion
wIumeof5 mL is UIed for 80-95 mL water +200 mL-miIe.

E5 EXfRACTD\/ WfTH fEA7ED ACErCNTRI.EA/ICJ WATER,
PARillO/INTO PETFD.B.N mER
Ad"'" wlRefaaw:e

Porter. M.L.. and Bwte.].A. (1969) J. AIr«. OJ!. A_ CAIa 51, 12110-1285

Pah If'
RaiduellIRextraaedfromcommodilieawith>15'K.IlUpl'UlingahcaMdmilume
ofwaterandacetonitrile. UnhcaMdwaterandaceronitrile (.inE4) isl_,ffio ient
eopreventsepuationofwaterand aceronltrile pbasain thefilteredau....wbcD
IIIpI" is >15'K.. AIlquot (SZSO mL) of filtered auaa is dI1uted wllh water .....
residuesllR traDlfeued ineo petroleum etherbyliquid-liquidpartitioning;_
fer eo hydrocarbon .Ment and removal ofaD traces ofpolar aceronItriIe pamit
suhlequent cleanup on florisil.

DIs e'k.

• WeigblOOg_mpleineobJenderjanndaddhcaMd(750 C)mju",cof
200 mL _nitrile and 50 mL water.

• ToanalJRraiIInI,1Idgb50g.Heat50mLwater.....200mL-ace· ..krQe
sepuatelyeo75°C.Add4.0-60mLhotwatereoconminerinwhichrailina
were1ldgbedand ltIrorlhake eodiapene inwater. 'I"ranl£a"eohleP-Vr

jar. using reIIIlIining water eo rinse COD1lIlner inro Nmdrr jlIr. Itinae
containerwith hot aceronItriIe and add eo bIrOOa'jar; add len.i0inc
hot _nitrile eo blenderjar.

° Blend2miDathiabspeedandfilterwllhllJC1ion througbJkjcbnerfiaed
with filter paper"Ineo WCUWII fiItradoD flask.

° Before filtered au.... cooII, IiaDIfer SZSO mL eo 250 mL pad_.
Record wIume (F).

• Conlinue. in EI, "TranIfer m wid wIume of fiIttlde eo 1 L
aepuaror...•

• CakuIate g Ample eo be placed on I10riIiI aAiillm 8I in EI, excepL

T-mLwaterin Ample +mL-miIe added + mL water added
correction in mL for'lOJume connaJon When 50 mL water
added,TIsS25forfoodsof85'J,watercontent.Conaaetionwiume
of5 mL is UIed for 80-95 mL water + 200 mL acetonitrile.
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Refauw::e

MDIs, P.A., " til. (I96!I) j. A.at.oc. OJ!. Ape. CAnL 41, 186-191

PIIe-...,'.

Residues in IOlution are ICJlIUlUM from lIlIIIIJIle~ on a aIIumD of
Florisil adsorbent; eluants of inaeasiDg polarity sequentially~ rnidJ_
from the column.

ArJ-....
chromatographic aIIumD, Z2 mm id ¥ !OO mm, Teflon atopcuck.. cx.ne
porosity friued disc

Kudema-DanJsh concentrator (&D), 500 mL, with Sn,da' column, two
baD microSnJder column, wlumetric or gradualIed receiving flail

• g ..

boiling cbipI, 20-!0-m carborundum

ethyl ether, tfiIriIJed fromalJ.glag appualUI.with !'Ai ethanol.pn:Ki"
me; see Section 204 for perwdde tat

F1orisil. PRGrade;see Section 204for bandJIngand t.eldngdirec:tioaland
ca1cuIation oflauric add YaIue

petroleum ether, diIdIJed from aIJ.gIaa lIpJlIIntUI

sodium suIfare, anhjdroua, granular, aeagent grade; see Section 204_
bandJlng directions

eluants: 6W> (v/v) ethyl ether/petroleum ether

15W> (v/v) ethyl ether/petroleum ether

SOW> (v/v) ethyl ether/petroleum ether

Dhw*-
• Place acIivaIed F10riIII (4" orwelahtdetermined by lauric addYaIue)

in 22 mm id column; add about 0.5- sodium 1lIHiIte. PURtcoIgmn
with 4()./j() mL petroleum ether. Place &D with wJumetric or gradu
ated receiving lJasIt under coIumD to receiw: eluate.

• TransferF!IIJpIe eztraet IOlution to column, JeuinIr k {'!III duouRh at
about5 mL/min.RIme conllllner (andsodiummli8teifpramt) with
two 5 mL portions petro1eum ether, transfer rinIinp to coInmn, and
rinse walls ofc:bromatograpbi tube with additional....n poniom
petroleum ether.

• Elute column at about 5 mL/min with 200 mL 6W> ethyl ether/
petroleum ether eluant.

• Change K.DI and e1ule at about 5 mL/min with 200 mL 15W> ethyl
ether/petroleum ether eluant.

• Change &Da and elute at about 5 mL/min with 200 mL~ ethyl
ether/petroleum ether eluant.

303-11
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• Add boiJIDg chipI to &.J>a and coocentrate each eluate to ..itwNe
definite volume. When volume <5 mL is needed, .. blOobaI1 miao
8n}derormiao-VigreauxcolumnduringfiDalevaporadoninreceivlng
8aat.

• Ulle appropriate detel'llliJlathe IlqJI, IIUCh • 001 or 0015, 007, and
0010, to idendIYand measure residues.

ALTfRNATM::
C2 R..CHSIL CIJl.UMN C1.EA/IIlP, WI7H"Tf-RfE AIET1-M.E1E

OURCEB.I.JANTS
AcldltL ... :Refa...

MilIa, P.A.,,, Ill. (1972)J A.-. Off. AuL CMa 55,!I9-4lI
,AddJdcwwl. , •

acetonitrile,distilledfroman.p.apparatus; leeSection204filrc6oti1latjon
directions

hexane, distilled from aIJ.gIaa apparatus

methylene chloride, cIisdJIed from aIJ.gIaa apparatus

eluanu: 1-20'J, methylene chIoride/heune (v/v). DIIntc 200 mL
methylene chJoridewith hexane.AIIowmbaure toradl_
temperature, and Mljuatvolume to 1 L with henne

z..-.!5O'J, methylene c:hloride/O.55'J, acetonitrile/49.65'J,
hexane (v/v/v). Pipet 5.5 mL acetonitrile into 500 mL
methylene chloride and diIUIe with heDne. Allow mmbaureblmreID
reach room temperature andlll!lUlt to 1 L with heIame.

!I---OO'J, methylene chloride/1.5'J, acetonitrile/48.5'J,henne
(v/v/v). Pipet 15 mL acetonitrile inID 500 mL melhyleu.e
chloride and diIUIe with heune. AIlowmbaure toradl_
teuqHaIUle and Mljuat to 1 L with heDne.

• PrepereFiorisilcolumn.inCl.PlaceK.DwlthvolumeuicOl'i""I"......
receiving fJaIt under column to receive eluate.

• TralIIfer sample auaa IOlutioD to column, JcainI(il.- tbraaIh at
about 5 mL/min. RinIe container (andlOdinm IIIIfare ifpram!) with
two 5 mL portions hexane, tr'lIIIIl'er riminp to roIumn, aDd m-W8III
ofcbromatographic wbe with addidonalllllall ponions henne.

• EJute column at about 5 mL/minwith 200 mL eluant 1.

• <:2IanF &.n. and elute with 200 mL eluant 2.
• <::banp &.J>a and elute with 200 mL eluant !I.

• Add boilinJr chips to &.J>a and concrntlllte each eluate ID InillIbIe
definite volUme. Whm volume <5 mL Is needed,..blOobaI1~
Snyder or miao-VJgmIUX column during ewporation.

• Ule appvpriatede~... to idendfyand mel we raidua.

L\I
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IE1lERMIIIATDI
Iqjectconcentrated extIaet equivalent to 20 mg (whole product) into the follow.
ing GLC SJSIeDII (Section !102)fordetermination ofl'"kb_

Minbnum recommended detel'JDinalions

001 or OOIlI residues with halogen, sulfur, or other moieties

or

DG!lorOOl6

0010

0012

007

002 or 0014

orpnohalogen residues

late eluting residues,espedal'Y~

lateelutingorpnobalosenresidues,apeo iallypymhroidl

earlyelutingraidueswithbalogen.lUJfur,orothermoielita

orpnopholphol1ll residues; IarF amounlS ofsulfur may
interfere

orpnonitJogen I""'idt_; lelectift to IJitrotlen, but
coc:ztractives may contain nittos-

DG5 or 0017 orpnonittos- and orpnopholphOl1llI'"kh1ft
For accurate quanlilation, .eference ltanduda should be diIIolftd in same
sohent as concentrated eltUllCt, on!y peaks >10'" FSD should be m~uu:ed, and
peak sizes ofresidue and reference ltandard should match within :t25....

SeeCbapter5foradditionaiinformaliooahoutoperadonofGLCej3teua;Seaioo
504 pnMdes information about quantilation of residua.

See Section 205 for additional information about rcletence IIIindardL

See Section 104 for additionallnfonnatioD about repotting rakh_ and deter
mining compUanc:e with reguIatioiilL

SeeSection 105foradditional informationaboutana!ytic:al1imi1aofqtPntibdon

£D\RlMATDI
Aft.er1'"kh1ft hage been teDtMhoe!y identified and quandtaledbyaJi''P..... to
appropriate .d"erence IIlIiidanb, confirm identity .......ding to pri»riph cD.
cUSsed in Section lOll. Vie lIpplOpriate lables ofdala (PES'lDATA,1abIes aa:om
panyingeachmetbod,lttdG ioMetbods) tochOOle mOlu.pptopriatedeteuni._
me ItepI and/or alternative methods for confirmation.



a:GIIW 304

buttei'. oils

c:heae. milk, egyolb,
dried whole eas
oilseeiIs, high fat feeds w

C5

304: METHOD FOR FATIY FOODS
BASIC IBBLla

Mills, P.A. (1959)J. A.sJoc. Off. Ape. CinL 4Z, '1M-740

Gf3IEFIAL~

Fat 8Dd reskh_ are elt1rlIcted from flItty foods IIIld diIIohoed in an orpnic: IIOhoeaL
Residuesareseparatedfromtheelt1rllctedfattoproduceacleaoedupeDnlCtlOludoo
suilable for determination by gas chromatography.

Consult Guide to PAM: I for additional infonnaIion pertinent to the appIopciall:
applic:ation ofmultirelidue methCldology.

Method isapplicable to moderateIynonpolarraidues in flIttyfooda. Rrwiduepolarity
wiDaffect recoveryinOeanUJllI and 2; neither1lelYnonpolarnor1lelYpoiar raidues
are ltWVeIed completely. See Table !104e, following the method dauipdod. for
resuI1s ofrecovery-.

AIETHXJ ADU ES
ChOOlle from these method modules, usingFigure !10k for guidance:

Exblldicai (E) ..... rIM u.e
EI (p. 504-5) Utraction offat with sodium sulfAte. anin....hillwl. flItty filii

peuoJeum ether

EZ (p. !lOt-7) SmaD Kale eDrlIction offat with
sodium sulfAte. peaoleum ether

(p. llO4-9) Utraction offat by IDteriDg

(p. !lOt-ll) Em'acdon offat with sohicnts from
denahlred product

E5 (p.!lOt-15) Em'acdonoffatwithsohicna
feed IDIIlUiaIs, grains, nuts

a • (C)

Cl (p.!lOt-15) ~ether forrelluhdyfewsamp!n
partitioning, Oorisll coh'mn cIeaoup.
three mixed ether eluana

CI (p. !lOt-17) AcetonitrIIe-pe ether for better deanup than
partitioning, FJorisll column cIeaoup. Cl
three methylene chloride eluana

ell (p. !lOt-18) AcetDnitrile-peaoleum ether to IeJIUaIC Pea. from
partitioning. FJorisll column cleanup. IIlOIt pesticide!
peaoleum ether and three milled
ether eluana

(p. !lOt-19) AcetonlttiJe.petroleether toleJlUalC Pea. from
partitioning, F10risiI column cleanup. IDOIt padddes
petroleum ether and three methylene
chloride eluana

(p. !lOt-21) Gel penneation c:hrorM.....apby for ef6dent analysis
______(_GPC_) ...J::~~lIIIm[,ll"..IIII1=rs"'-(can _

Tw••'.... ,. axoa (11.11811I)
...... fDll2lll6ollllll!l 304-1
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C6 (pi 304-24) GPC, FIoriIIl column (4 g) cleanup. when C5 i*ovidea in-
lhree methylene chloride e1uan1S • .mc;r..t cleanup

C'7 (p. 304-27) FIoriIIl column (4 g) cleanup. two to dea ~.~ time••
mlzed ether e1uanta, optional aJbJlne ftIlt use cx."'I-'ed to
bJdrolJlis CI

a (p. 304-29) DilpeJlion on al"mina, FIoriIIl to n:duce time _
column cleanup. lhree mlzed ether puecl to C1;~
e1uan1S mg _ only

C9 (p. !04-!I1) DilpeJIioD on aluprina. Florilll to n:duce time _
columncleanup. lhree methylene pared to C5; ICIeeD-
c:hloride e1uan1S mg _ only

304 2

Dda " ....... (D)

(See Seaion!102 foe fuR delllill ofGLC moduIes.)

00 1 (p. !102-M) GLC, 100% methyl sjlmgme c:olumu.
200". EC detector

002 (p. !lO2-!5) GLC, 100'.{, methyllikmme c:olumu.
200". FPD-P

OOS (p. !lO2-57) GLC, loo~ methyl sjlmgme column,
200". £LCD.X

004 (p. !102-S9) GLC, loo~ methyl ailoune column.
200". £LCD.N

005 (p. !lO2-41) GLC, 100'.{, methyl t1Jcmme c:olumu.
200". NIP

007 (p. !102-45) GLC, loo~ methyl sjlmgme column,
IlIC)O. EC detector

0011 (p. !lO2-!11) GLC, 1001> methyllikmme column,
2lIC)O. EC detector

0012 (p.!102-55) GLC, 100'.{, methyllilonn-e c:olumu.
2lIC)O. £LCD.X

oolS (p.!102-57) GLC,50~~ 5O'J, methyl
1Il0000e 200". EC deu:ctor

0014 (p. Q.59) GLC,~ 501> methyl
donne 200". FPD-P

0016 (p. !102-6.'I) GLC,50~ 5O'J, methyl
Iikmme 200". £LCD.X

0017 (p. !lO2~) GLC,~5O'J,~1iI0000e 200". NIP

PIidue with haJu&en.
1UIfur. odIer moieties

Pliduewith
phoIphonII

rakluawith ......

psjch.... with oitr· 1m

earIJ elllting ........

:..~IUIfur.

late eIudDgPIidue
with""-~ 1UIfur.
other~

late elming i M-a
with ......
J'"kbwa with halogen.
1UIfur. odIer moieties

Pliduewhh
pbCllpbarul
PIiduewith haIogeD



P I +.. AIriIfIIi;d MnIIII Vol. I

C3/C4 r:1 .C1/CliVC8
1__---" I

r----(7 <::)----,
Uti U!l lh.i UA1
061/13...

DG7...
DG10

residl_
with

e8tAJUi

~

18/14.....
with

phollpIlQUS

DB3/18...
DG12

I'lIIIilM8
with

1liIkIgei.

D84/S/17
......-wIh

nit! CIQ8i.

VAl ll4TD11
ManycombiDatioolarthemethodmodulesare~.'IhefollowiDlcombinedms
ba\Ie undergone InterlaboratoryvaIidati__an: recol!lJlleDCled tor we:

U+Cl+DGl

VaHdarioo 1epwlB:

Carr. R.1.. (19m J. A-. 0/1. AtItIl. CAM. M. 525-52'1. Collaborathe atudy
leading to AOAC offidal fiD&I action lICatUa tor aBHe, p.p¢-DDE, p,pt-TDE,
p.p'-DDT. diekIriD. and heptachlor epnDfe In fiIh.

SawJer.L.D. (l9'1S)JA-. OIf.Aul. CU&58, IOI5-10lS.AOACc:oIIlIboraIigelllidF
leading to AOAC of6rja1 fiDafdOD lICatUa fOl" po\ydlloriDaled bipheDyIIln poaluy
fat andfish.

AOAC oftidal method n{"Iew:e: OfIidtJIlMordotl.s ofAfItIIpis tftA.AO.tC(I990)I5dt
ed. 910.52. A, B, E, H.I.]. L, N. O. and R.
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£I + C7+OOI

Validalion report:

Erney, D. R. (19832.tc1a~OJ!, A_ CMa II, !J69.973. CoIIabondve IIUdy
leading ro AOAC • fidaI aaioo statui for- p,p'~D,E, p,p'-DDT. p,p'-TDE,
dieldrin, heptadllor cpmridr, and pot,dlloriDared bipbenyII In fiIb.

AOACofficialmelhodrel'erence: qgil:iaIM«AGdstfAulJlirtf*AOtC(1990) 1!kh
eeL, 983.21.

FA+Cl+OOI

Validalion 'epoi iii;

Johmon, L, (1965~-:lf.:APe- CMa 48, 66&675. Co1WJoIaIhe IIiidy
leading ro AOM; . lICtion statui fordie1drin and h""""'lor epmlFIe
in dailyproduaL

Carr, R.L. (1970) J. A:IIOC: OJ!, AuL CMa IS, 152-154. CoJIahonlhe IIiidy
leading ro AOAC offlcjal finalllCtion statui for BIle. p,p'-DDE, p,p'-1DE,
o,p'-DDT, p.p'-DDT,lindane, and~ in daily produCa
KrauIc:, R.T, (1975)]. A:IIOC: OJ!. A....L CMa 58,721-727. Co1IahoI'aIiwIC IIiidy
leading ro AOAC ofI'ic:ia1 finalllCtion statui for Penbane In dmy JII'CI"""l*
Sawpa, LD. (1978)]. A:IIOC:OJ!, A....L CMa II, 282-191. CoJW-.aahe IIUdy
leadingroAOACofficialfinalactionstaliJlfor-polyclilorinatebipbeo}'lllndaiJy

roduaB. .P .
AOAC official melhod refemJce: qgil:iaIA"tAMllfA...." ..AOtC(1990) l!ilh
eeL, 970.52, A, B, E, H,I,J, L, No 0, and R.

D+Cl+OOI

Validalion repott

Weill, C, (1967)].A:IIOC: OJf.AuL CMase,I205-1215. VaJidadon IlUdylr *-I
ro AOM; official final action _ fOr dieldrin and hqMachlor epoIYw In
vegelablc oib.

AOAC official melhod refdence: 0jJit:iIIl u.,w...A...." ..AOtC(1990) l!i1h
eeL, 970.52 A, B, E, H, I,J, L, N, 0, and R.

JU +Ci+DGl-aIlS+OI+DGI

Validatiou report:

Griffitt, JtR..1I til, (July 1983) "Mhilahiib.ed FIoriIIJ CoIamn C'-"wp ofOiJori.
nated and OrpnopbOlpliare Eluares in TocaJ Diet Semph,• LIB 2'12!, FDA,
Roc:biIIe, MD.

lb....... IIJXN!(1,,..----
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Ref'aeoce

EX1'RAC1'CW CF FAT WI1H EDJVM SULFATE. PEll'O RIM E1J£R

Porter. M.L. til till. (1970) J A.ul¥. Off. AlIGl e.- 55. 1300-1!1OS

PJiHrip'n

Fat and residues are removed from fish and 8nbna\ tiIIue by diIIol¥iDg ahem in
petroIeumecher.AnhydrouslOdiumml&te__from d1e -"andheJp.
to disintegrate the sample.

Appal....

blender. bigIHpeed; ezplollon-pndWariDg BJendor, 1qtjar

BUchner funnel (BUchner). pon:dain, 12 em dianleter

chromatographic column. 25 mm id )( 50 mm. p1IIin

filter paper. Sbart. SkiD-. to fit BiicllDer tunnel

Kudema-I>aniIh conc:enttator ~). !iOO mL or 1 L, with SDyder column,
plain receiving fIuk
vamwn filtration fIuk, 500 mL

P g dw

boiling chipI. 20-!0 mala carborundum

petroleum ether. distilled from aIJ.sI- apparatuI

sodium suIfiIte. anhydrous, granular. reagent grade; see Seaion 2CH fur
handling directionsDh.,.._
• (Sample IiJe may be a4l..aed 10 provlcIe wel&ht offat ilfIPiop1afe to

deanupltep.)Weighz5.50gthC!l'CJUlblYgroundandmilredfilhormJmal
tiIIue inlO blenderjar. Add 100 g IOdium suIfiIte.

• A1lematelyblendandminlthlfllllu1aundlsampleandiUdiumlUllilrclft
well mixed. Scrapedownaides ofblenderjarandbreakupc:akcdmarcriai
with "P"bJla

• Add 150 mLpetroleum ether and blend athigh Bpeed 2 min.

• DecantpetroleumetherlUpmlatethroughBikbnerfiUMwith twoSbart.
stin- papen and filter with -=-ton inlO \'lIOmm fiItraIion fIaIk.

• Scrapedown aides ofblenderjarandbn:akup cakedu.lerialwich.,.DJh

• Re-eItnu:t residue in hIeoderjarwith two 100 mL poedwd pettoIeam
edler. bIendinIl: 2 min elICh time. (After 1 min blending, Itop bIm--w.
scrapemateriaffromaidesofbIeDderjarandbrakupcakedJilalerialwich
"P"DJh; continue blending 1 min.) Scnpe down aides ofblenderjarand
bn:ak up caked material bet:ec::m atr lOCtions Decant petroleum ether
mpematcs througb BUdmer and combine wich tint eD1'lICL

• After !allbJcnding, IJaIII£er residue from blenderjar to]!o1dmer. rinsing
blenderjar and material in BUchner wich three 25-50 mL poniona
petroleum ether. ImmedIatcIy after !all rinse. prell rCIldue in Bijcbner
with bottom ofclean beaku 10 fon:e out JP!DlIlning petroleum ether.
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• Pour combined extraela and riDsa throuab 25 mm)( 50 mm c:oIumn of
IIOdiwnsulfateandcoDecteluateiD&Dwithplain tube.Wadla.tanddlen
column wilh IIDlIIl poniOll8 pettoleum ether.

• Add boiling dUp to KiD and~ lDCIItofpetto1eum ether from
combined extrKU and riDlIea.

• Clean up emaaed fiIt using ODe of the deanup IlqIL
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E2 SMALL SCALEEX'TFIAl:Tm a=FAT IMTH SCDLN SLLFAJE
PETRaBJM ET1-ER

BeCereace
Erney. D.R. (197.)]. AD¥. Off. A_ cu.. 57. 576-5'19

P"'ripha
Fat and RIidues an:~ from fiIb and animal dIIue by cIiIeohIDc them iD
petroleum ether.AnhydroualOdiumsul&te__from the IiIIueandhelp
lD disinaegrate the IlIIIIpIe. Sample me and lIIIlOUDIS of reagenlS ere IOIIleWbat
reduced from &mOUnls used in £1. for subeequentlllll8lll1C11e deenup ofcr.
ArI-.....

fimnd,p.

homogenizer. SorvaII/OmDi lJpe. with 400 mL cup
1OIumetrk: fIast (lOlumetric). 250 mL

gIag11001, Pyrex, see SecdOD 204 for handling dilecdoDl

petroleum ether. disdlled from aJI.tI- apparalUI

IOdium suIfltte. anhydrous, granular. reagent grade; see Section 204 for
handling dIrectioDl

J)Irec:tDw

• Weigh ZO g thoroughly ground and mixed filii or anlmallillue inlD
hoJllOllf:Dizercup. Moisten 40 g IOdiumsuI&te with petroIeum etherand
add lO Ample.

• Mix Ample, usingIdning rod, IetsbUld ZO miD. and mix apln.

• Add 100 mL petroIeum ether lO IlIIDp1e and blend 1·2 min.

• CenlrifugebaiancedhoJllOllf:DizercupatZOOOrpml-!miDlOoblaindear
petroleum ether emect.

• Plaa:glagwoolpluJrinfmmd,oveIla,with20glodiullllUIFate.andplllce
fimneI in 250 mi.wlumetric. Decant pebolewn ether exUKt duougb
IaterofIOdium suIfltte mlO 101umetric.

• Mix sample again with IIining rod, add 100 mL petroleum ether. and
exttaa 81 before.

• Repeat exbaetion with 70 mL petroleum ether. combining aD three
extraetioDI in _ 250 mL101umeuic..

• Dilute lD wlume with petroIeum ether.

• CIean upwith cr. FJorilil chromatographyOD.g columD. No mleimedi
ate separalion Rep i& reqWn:d ifSO.! lJ&t isueed, .. trp«ifird incr.

• Note that this exttaaionyields a diluteIOIuIioDoffllt, rather thanfiltwith
_sohoent~ .. in other excraction modules To dean up this
exttaa with a module other than cr. aomml _ first he .emowed.

_No.lIO:D2/,1/'_......__llVll2I
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E3 EX'TRACJTDJ a=FAT BYFl.TEFlItS
Refaeace
Mills, P.A. (1959)J A.ssoc. OJ/. A,ric. e.-. ft. 754-740

Pollwip!e

Fat and I'eIidues are mJlOVed from buuerbymeltiDgand fiheriDg 10 iemtHE mIids.
No exttaetioa l8 needed for edible oil

Appenma
filter paper
funnel, gIaII

DIrectl.-

• Warm buuer at about 50" C until fill separaIa; decant tbrough dr1 filter
paper placed in gIaII funneL CoIIec:t 011.

• CIean up exttaeted fill IlIing one of the cleanup ItepL

3049
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E4 EXT'RAC1UII a= FAT WITH SCl.1BVTS F1DACENA7lJFED PfUXCf
Refaaw:e
Mills, P.A. (1959)J. A.ssot. OJ!. Ape. Cka 42. 754-740

Nih 'Ph
Fat and residues from cheae, milk, ea1OJb. or dried whole eaJI are cIiIIolftd in
ethyl ether and petroleum ether after tile product bas been denatured with ozaIa...
and alcohoL The ether elUraCt is washed with hqe quantities ofwala" 10 .emtrie~
auaeti¥es.

(Methodologyforhigh&1eggproduclahanotbeenstudiedn:teM!veIy;tbilmethocl
is recommended as the IIIOIl appIicahIe.)

AppuatIa
blender. higIHpeed; expbion:pioofWaring BJendor. 1 qtjar

centrifuge. ezploIion-proof, 10 hold 500 mL bottles
centrifugebouIe.gIa8,500mL. UlepltOpJlerOl'C0gerl1lbbel'lwpp,i with
aluminum fojJ to awoid COD!lImlDation.

chromatogillphic column, IS mm id x 50 mm, plain

den-:, tube apparatus (FIgure !04-b). &briaued in Iaboiatoiy

Kudema-Daniah concenttalOi" (K.D). 500 mL, with Saydcr column, plain
rec:civing ftasIt

sepuaIOiy funnel (1IC)llIIPIOi"). 1 L

R g 1M

alcohol, ethyl or methyl

cthyI ether. diIdIJed from an.p.apparatua,widl 2W. ethanol. p1UCIvadve;
lee SectioD 204 for peroxide leIt

1+1 (v/v) ethyl ether/petrolcum ether

petroleum edler. distilled from an.p. apparatuI

lIOdium c:bloride. n±ageDt gnde
lIOdiumc:bloride aqueous aoIution.1lItW'PIed
lIOdium(Ol'~) oulate. n:agent gnde

lIOdium suIIiIIe. lIIJhydrous, gnmular. n:agent gnde; lee SectioD 204 for
handling di:n:ctioos

DfrecdoN

• c.w.""".Ea»-Jfn:periencewidlproductindjca....enmJoion.wiDnotbe
brol:enbycenlrifuging,add1 mLwala"/2gllllllplcbeforeb1mdiDg.Place
25-100 g dicedch_ or 2S6O g cas (10 provide about 5 g &1). about 2
g lIOdium orpo!lIEum oula.... and 100 mL ethyl or methyl aJcohoi in
blenderjar and blend 2-5 miD. Pour blender contenD into centrifuge
boule.

Mill-DIlute cvaponted milkwith equal PIIIOUDt ofwala". Place l00g
fluid milk or diIuJed cvaponted milk into centrifuge bottle. add 100mL
ethyl or methyl alcohol and about 1 g lIOdium orpog.ium oypIate, and
mix.

304-11
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...... 3ll4b
""."Ta AiAr......._.-......

r--=-==-...., --~.....

-
CIlIa i_1Bd In ani haIII ..
.,..... 111*- ....
..".. rram CII1IrtIIgI balIIII inlD _,
funrlIIL Sphon -1iiII t.& in U-
...._-.._ Ir d1IID
P-in cdriIUgII balIIII. SIaDnd hale in
..............d1 .....
V8cuurn~~.-.nd _
......p-rram.....balIIII..II....
inlD ...._.

(llan9n, Eo _. 1"1fDlI_~"1Il:
-...LD....._J.RIMor1l17111LB21.~
_MI.)

• Tomixtureincenllifuaebotde,add50mLethylethcrllDdshake.owIy
1 min; Iben add 50 mL petroIeom eIhcr mel shake .igorouIIy 1 min.

• Centl'ifuF atabout 1500 rpm about5 min. NegeI' Ieaw:......-. inbollia
duringcenlrifugiDg.

• Tnllllfenohent Jafer, with ddherytube appuatuI. into IepIIIalOI'conlll!n
jog 5()O.$lO mL water mel !O mL saIUDted tIOCIium c:bIoricJe M)lution. Ie
estraet aqueous raidue twice,
sbating 'ViaoroualY w11b 50 mL
portiona (I+1) etIiyI ether/petro
leum elber, centl'ifuF and lr8DS
fer IOhent layer into tepu'lItot"
after each extraction.

• OUJriousIymbtmmbinedeKtrllCll
and water. Drain mel ctiIcard __
ter.

• Gendrte:euhlOhentlayerwilb
two 100 mL portiooa water, en.
cardingwatereach dme.lfemul
&ions form, add about 5 mL_
ratedtlOCliumcbloridelOlution to
IOhent layer or include IIOltium
chloride with waterwah.

• Pour elher IOlution tbrouIh 25
mm x 50 mm column ofIOdium
sulfate mel collect eluate in KrD
w11b plain tube. Wash·separator
and men column w11b amaD por
1ioDII petroIeom ether.

• AddboilinRcbipto&DlIDdewpo
rateJllOltolpetrolewnelhcrfrom
combined extrac:IS and rima.

• <lean up elttnCted tilt UIing one
«Ihe cleanup steps.

304-12
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Refaewe

lHillN 304

E5 EX1'RAC1DJ iFFAT WITH 9111ENTS

Sawyer. Ln. (1982)J Assoc. Off. AIItIl. CAaLI5. 1122-1128

Plh-ip'el

Fat and residues are removed from groundoi1rm'" high fat feeds orfieed IIIMeriaII,
gnius, or outs by diIIolviog in petroleum ether and ethyl ether. fonc-J by ethyl
aloohol The organic extract ill wuhed with Jarg.: quandties ofwater to .emow: co
esII'actives.

Appti....

cenllifuF. aplollion-proot". to hokl500 mL boula

cbromatographic column. 25 10m id, plain

homogenizer. PoJ,tton Model PI' IO-M. with PI' 55K pilendOr OOOIPining
kniva,hcadequippedwithmela1(nOiTe8on)bn .bjngorSonalJ/OmnilJpe

homogenizer jar. SonaI1/Omni Ijpin',. Iieel alp. 400 mL. or cenaifuae
boule. gJaa, 500 mL

JWdema.Danlsh concentrator (&D). 500 mL. whh Snyder cohmm, pbin
receiving flask

separatoryfunnels (separators). I L

P g ...

alcohol, ethyl

ethyl ether.dilld1ledfrom an.p.apparanu.with K ethanol.p.......iiiIhle;
see Section 204 for peroxide tesi

1+1 (v/v) ethyl ether/petroleum ether

petroleum ether. diIdIIed from an-p. app8I8DIS

sodium chloride.r~tgnde
sodium chloride aqueous lI01udon.1lItDnted
,odinm auIfale. anbJdroua, granular. ra.gmt gnde; see SeaioD 2M tw
bandIing din:ctions

Dh~

• Weigh 50 g ground Ample ofoilseedl, hlp &t CeedlI or feed DWIeJ....
gnim, or DUlS in Sorva1IIOmni alp or in cenalfuge bottle. Add 200 mL
petroleum etherand blend 1.5 min at high lIpeed with PoIyIroaPI' 1M!)
L~or<>mnJ.Mber.

• CenllifuFelitnICtiOD~anddecanliohoentinto500mLbeUer.Newr

lea\Ie stoppers in boula during centrifuging.

• Add 150mL(I+I) ethylether/peaoleumetherto~andblend;
centrifuge and decant into _ beUer. befoR.

• ::e~m:'=:lcombinedetbenunderpildealr_IIICW-~

• 1k<JLuaet residue in extnedon~with 150 mL edIyI alcohol tw 1.5
min. Centrifuge and decant IOhoent into I L separator.

304-13
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• Add50mLethyialcohol tocstnlClioo-J.....raiducin~bypndy
blending, then centrifuge and decant into _1CpU'lIlDr. bcfure.

• Add CODcenlntCd ethers from fint l1IO cstrlICliona to 1CpU'lIlDr. RinR:
beaker using IDIaIJ (about 5 mL) petroleum ethcrWMha iII1d add hea
to 1epU'alOl".

• Mill teparatOI" CODteDllIweII IIIId add 600 mL__ and about 40 mL
IabJIated IOdIum chloride 1Oludon.

• Hold IICpII'lItoI" in horizoncaI poIitioo iII1d mil: thOl"CJUlddy 45 KC. Let
IaJas ICpII'ate and drain aqueous portioo into IClCOIld 1L .q..abK
coolllining 100mL pcuoleUm ethet.

• Mill conteDII ofSCCODd ICpU'lIlDr thorouply about15 8CC iII1d let IaJas
1CplU1IlC. Drain and discard aqueous portIOD IIIId dnin petroleum ether
into original separator. Wash combined edlers with two 100 mL flOItiou&_.

• Pourethersolution through 25 mmx5Ommco1umnofaodiumlllJfideill1d
c:oDccteluate in&Dwith plain tube. Wash lICpII'lItoI"andtheac:olumnwith
IDIaIJ poniona pctroIcum ether.

• Add boiling chip to &D and evaporate _ aIpctroIcum etherrn
combined canas and rinIcs in lC,.D.

• CIcan up CKtrlICled &tusing one of the cleanup step.

1ft"
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Ref&eace

MiDI, P.A. (1959)J A..-. OJ/. Ap. a-. 42, '734.-740

Extracted fat Is carefuJly wdabed to avoid ow:Jioadint:e car-I!y of the deump
step.PestidderaiduaareilolatedfromfatbyJlUCition 11l enpetroleumetheraDd
acetoniaile.MClItofthefatilretainedinpettoJeumetherwbileresiduellputilioninto
acetoniaile in proportion to their panilionblg c:oeftident in !bat IIJIlmL In the
subeequenc step. rcsiduc:a in ac:econiutle are panilioned bad into pettoIeum ether
when added water Rdue:es their IOlubiIity in acetoniaile.

Raiduea in aoludon areseparated from I8IIIJlle c:o-auac:tha on a column ofFlorilil
adaorbent; eluanIB of ina ·ng polarity aequentially~ raidueo from the
column.

Cleanup steps a, ClI, and C4 offer aItenuuige FIoriIiI eluIion .,.laN 1he ebll!lJIB
uaed in a produc:e different elulion pcItteJ1I8 than Cl, which can IIOIDeIiwc:s be
valuable for confirmation. a can aJao be uaed • an addjtjooaI cleanup aep.
ClI or C4 are uaed fOr anaIyIa directed at the determIDaIion of polydIIoriuaIed
biphenyls.TheFlorisllcolumn iselutedwith peb'Oleumetberpriortoeludonwith the
other mixtun:s, in order co IepIII1lf.e the pol)ochlorinated.biphenyls from _
pesticide residues and co provide a cleaner extract for their delennination.

AftMa-
chromatognphic: column, !5 mm id)( 50 mm, plaiD

chromatognphic: c:olwnn, 22 mm id )( !OIl mm, Teflon 1CllIpO'Xk, coane
porosity friW!d disc:

KncJema.Danlsh conc:enlrlltor (&.I), !iOO mL, with~ coIqmn, two-IJaD
micro-&>,der column.....Jumeuic: or grwfmpeet receMng fIaIk

.eparatoryt1mnela (aeparaton),lZSmLand 1 L

P IF-
acetonitrile:, dIwdIJed from ......apparatus; aee Seaion !Of for dhdDalion
directiona

ac:etoniaile IlIIUrated wilb petroleum ether

boiling chips, 2O-1IO mesh carborundum

ethyl ether, disIi1Jedfrom......appara-.with K ethanol."_halhe;
aee Section !Of for percmde _

Florisll, PR grade; aee Seaion !Of for handIiDg and tadng directiona and
calculation of lauric add wIue

hexane. distilled fromaIltI- appuaIUI

methylene chloride, diIdIledfromaIltI- appuaIUI

petroleum ether, dIItilJed from aIJ.sI- applIi_

sodium chloride. reagent grade

sodium chloride aqueous IIOIution, IaIUral£d
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IOdium sulfate. anhydrous, granular. reagent grade; Bee SeaIoe !Of for han
dling directions

eluanlB: 6" (v/v) ethyl ether/petroleum edler

15" (v/v) ethyl ether/petroleum edier

so,; (v/v) ethyl ether/petroleum edier

Dirw:tif.M

• <leanup is appticahle to~ g fa. Evapontc IIOhmt &emriuion of
otnICtedfiuanddett:nDineamountoffatauaetedbyoneoftheCollowiDg
opeIlIlions:

- When toIaI amount offat inample is dl"'lCllCd to be >51and lIIIIIIJ'*
is not for wIatiJc reIidues, ttlIDIler COIlCCIlttaled IOiUIion to tared
beaker. usingsmaD amounts ofpetroleum ether. and evaponIe to
dryneIIatsteam bath temperatureundercnrrentofcbyllire::t1eaNI
reconlwigbt of fat l:lltI'aC1ed. Take~ I fat for cleanup.
weight ofIlIIDpIc anaIyzcd as:

.........t fat taka1 fcc' clanup
----';d;b;~;;;;;;;;d~XweightCJriBiaal......

wdgbtfiud1ba:ted"

- When it ismCMll that amountoffiuIn-mpIc ildg.do~
IIOhmt further bat dean up total amount offat soIudoa.
weight ofIlIIDple anaIyzcd as: weight originalllllDp1c.

- When itis mown tbatfatCOllfeDtis>5g. ordlatraidoe leftIiI......do
not ewaponte BOhalt further. A4/UIt to known, lIJIPi....- 9OIame.
trlIIIIfer aliquot to bIftd beaker. evapwate IIOhmt &em aIiqaoc. and
weigh to determine fiuconfeDL <lean upaliquotC1holume COIl-inc
SS g fa. Calculate weight ofIlIIDpIc anaIyzcd as:

90Iume fat lClIulion IlII:en fcc' clcanup
-----'-----.:..xwdgbtCJriBiaal-mpie

liOllII 90Iume oEICIIutioa

- When"'" forwlatilc d!emkah is cIeIInbIe, do not-.-
petroIcumetheratsteambath temperature.A4/UIttoknown,appropri
ate wlume. traIIIfer aliquot to tared bealIer. ewaponte solw:niJioiD
aliquot. and weigh to determine fiu COIlfeDL Clean up remaininc
aoIudon orappropriatealiquot. CahJateweightofllllDp1canaIyzcd-=

.aptfat ICIIuciCJa IlII:en for clcanup
-"---------.:..xweigbtCJriBiaalempie

liOllII 90Iume oE ICIIutioa

• Weip SSgfiulnto l!5mLlejIUatOI'. andllddpecroleumediel'lo dlattoUll
w1ume of fiu and petroleum ether in Kparator is 15 mL. Take-orr
weight offiIb oU ifCIljICrience bJctic:ates 1eIldenc:y to emuIIion for'nwdon
during partitioning.

• Add 30 mL acetonitrile MIUllIIed with petroleum ether. abUe ,igoaOOlly
I min, letIayen1CpU'ate.and drain acetoDitriIc Into I L sepuaIIlI'COIllaiD
ins650 mL water. 40 mLBaDIl'atCd sodium cbIoridesoIudoo. and 100 mL
petroleum edler.
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• Extractpetroleum ether IOJution in 125 mL ICplIRtOrwith three addi
tiona1!OmLportioDlacetonilrilelllbU'atedwithpetroleumether.shaHng
vigoroualy 1min each time, andcombine an eDnICIa in the 1L~.

• Hold 1 L separator in homonw poIition and milt t1lorouPIY!IO-45~
Let IaJen separate and drain aqueous ...into second 11. Kparator.

• Add loomLpetroIeumether toaecond I Lseperator.lbakevigorOldlT15
sec, and let IayerI separate. Disc:anI aqueous Ia)'er. comNne petroleum
etherwithpetroleumetherinoriginalI Lseparator.andwashwith two100
mL portions-.er.

• DiIc:ard washings and drain petroleum ether... throup 25 mm x 50
mm column ofsodiumsul&le into&D. Rime lIeplIDtoI"and then column
with three 10 mL portiOllS petroleum ether.

• Add boillngchip to &D and~mmbiDcd exta....andm-lD 5
10 mL for lrUIIfer to F10risiJ c:ofunm.

Rmisil Cell..,_ a -vJI
• PJaceacdmedFlorisiJ (4"orweightdeterminedbyl8uriclddaluc) Inft

mm idcolumn; add about 0.s"1Odium sul&Ie.~ column with 4C).5O
mL petroleum ether. PJace &-D with volumetric or gnduaIIXI reoeiviug
flask under column lD receive eluate.

• TraDJfer IlIDIp1e exttaet IOJution lD column, Ieuing it... throup at
about5 mL/min. RiDleconlainer (andlOdJumsul&le ifptaeDt) with two
5 mL portions petroleum ether. tI'lIIIIfer rjm!ngs lD column, and riuIe
waDs ofchromatographic tube with additional smaB portiOllS petroleum
ether.

• 'Elutecolumnatabout5ml.,/minwithZOOmL6'1.ethJlether/petroIeum
ether eluant.

• Cbange &D8andeJuteatabout5ml.,/min with ZOOmL 15'1. ethylether/
petroleum ether eJuant.

• Cbange &D8and eJuteatabout5ml.,/min with ZOOmL 50'1. ethylether/
petroleum ether eluant.

• AddboiIiDKchipI to I.Da andconccnuate eachelullte to......dcfinjIr
wJume. When wlume <5 mL ill Deeded. use two-bBIIlJIicro.8DJder or
micro-\'IgreauK column during final evaporation In receiving lIask.

• Vile appropriate detenninache~ such .. DCI or DGl3, 007. and
DGIO. to identifYand = I JR: nsidues. Flnteluate (6'1.) isUlual1y
suilllble for GLC determination without further cleanup.

:£CIQII 304

304-17

lOti



304-18

ALTERNA7'IVE5:
C2 En£RP~ R.a:ISL

m.tJMN a..EANI.P. THREE ft/ETfM.EIIE CH.J:R:EBlJANTS

Mills, P.A.••• (1972)J~ Off. AII4I. Ciao. 115. !9-4S

",IM"If'es

Ftorilil is elutedwich mixtures ofmechylene c:bJodde. heane. and acetllIIIiaiIe. 1be
resultingaec:ond eluate isdeaner than me lIeCOnd eluate ofCI. altIJoggb !lO'5 ofme
fatpJaced on che columniII~byme thinleluaDt. The eluaDlIeme1uleP""'ci'Ie
chemicalsofa~=ty than em be eluted byCI. CZ is p..:feuedfur....,.
offalJ and oils,for· ofm"'-!fan, and fortepallllioa ofhcpcxblorepomi+
and octacbJor epmdde.

MU'..... RI! &D'U
g

eluanrs: 1-20~ methylene cbloride/hellane ('11'1). DiJme iOO mL IIIitC1hJI
me cb10ride with hexane. Allow mildure lO reach room 'emf......
lUre, and~wlume lO 1 L with heane.

2---al'J(, medrplcne cbloride/O.!5'J(, acelDIIiUile/49.6&'J(, ""nne ('II
'11'1). Pipet!1.5 mL ac:etDnitrile iDlO 500 mL methfleue chloride and
ctilute with hexane. Allow mbmae lO readI room ,"'... iidUie and
lMljuR lO 1 L with hexane.

5-50~ methylene cbloride/1.5~ ac:etDDitriIe/48.5'J(, hen.... ('II
'11'1). Pipet 15 mL acetonitrile inlO 500 mL methylene cbloridc and
ctilute with heDlle. Allow mixture lo readI room temperaIWe and
lMljuR lo 1 L with heDlle.

Dbee'..••
• Follow Cl above. ac:ept replace directkmI for FIoriIlJ deaDup with me

following:

• Place activated Ftorilil (." orweightdeteaminedbylauricKidWIIue) in 22
mm ill column; add about 0.5" sOdium suIIlIie. Paewet coImnn wiIh 40-50
mL heDlle. Place K-D withwlumetric: or8na"".'"' aea:Mug"UDder
coImnn lo n:ceive eluate.

• l'ranIferllllDlp1eelni'llclIoluUonlOc:oIumD.leaiDlrit.-JIuouah.about
5 ml,/min. RiDIe oontainer (and IOdium IUItiule if.. ent) widi..5 mL
poniona hexane. tnIiIIfer rinsings lo column, and rinlewa1llof~
gnapbic mbe with additional IIIIlIIl ponioDI heDne.

• Elute column • about 5 ml,/min with 200 mL eluant 1.
• <1JanF IY>a and elute with 200 mL eluant 2-

• OJange IY>a and e1ule with 200 mL eluant 5.
• Add boilingcbipllo &oDs and c:oncenll'llfe each eluate lo prilabJe cWlpjtr

wlume.Whenwlume<5mLlaneeded,Uletwo-ballilliaoSnJderor~

VJgI'e8UX column during evaporation.
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Refaeaw:e
Reynolds, LM. (1969) Bull. E.iIIJ... CoIsItM. Toziall.4, 128-145

PolydJIorinated biphenyls are lICplII'8fI:d from _ padrick raIdua by eIwioo af
Floriail column with petroleum ether prior to elution with etbJI ether/petroleum
ether IIIisIun:s.

Dinlc:d.-

• Follow Cl above. except iIJIenthe foDowiDg befbre eIutioa afFlorillil
column with 6'.1> etbJI ether/pettoleum ether.

• Elute column atabout 5 mLlmin widl Z50mLpetroleum ether. CbaJIa'e
&oDs.

Rel&eace
Reynolds, L.M. (1969) Bull. E__ Colt._ Toziall. 4.128-145

Po1)'dlloriDated biphenyls are separated from _ pesticide raIduea by eIwioo af
Floriail column with petroleum ether prior to eluOOD with methyIeoe chloride
mixtwea.

Dhec....

• Follow CS above. except iIJIen the following befbre eJudoa afFlorillil
column with eluant 1:

• Elute column at about5 mLlmin wicb Z50 mLpello1eum ether. CbaJIa'e
K-Ds.

304-19



RefaELCEii

Griffin, JUl.. and <nun.J.e. (1974)J A.smr. OJ!. A1I4l. CWa17. 168-1'12

Hopper. M.L (1982)J Ape. Fooda-. 30. 10llS-1Ml

Plhdp'.

Fat is separated from residues bygd pem+&'ion (size ezduolon) c:brnmat>...apby.
The solution offat extracted from fatly food is pJaced on a column and e1utI:d Wiih
lIOhents. The fat is eluted fint and diIc:anIed, leaving residues in the _ ponion of
eluant.

Cleanup C6 offen optional florisil column cleanup IUblequent 10 GPC.

App.nat.
filtration de9ice for solutions, 10 mL ayrinF with LneN.ok tip, filled with
either (a) 15 mm diameter Swinny mJn!ess IteeI filter holder and 15 mm
diameter filten, 5.0 JUD LStype. or (b) diIpoIable membnme filten, 25 mm
diameter. 5 JUD Teflon membrane. enc:asedin polypropylene. (Pre Ell mbJed
devices that do not requiJe a.,nnge are also-aWIlabIe.)

GPC apparatus; automated equipment optional but rewmmeuded. GPC
apparaws must include:

I) IlIIIIJIle Inlroduction whe

2) pump. low~. IUilable for '*' with orpnk IOhoenll, capUIe of
5mt/mintlow

5) IlIIIIJIle Ioeding loop. 1/16" Teflon tubing coiled in cylindrical form,
about 15 mL capllCit)'

4) pnIIe dampener. about 6' of IN copper tubing coiled and cbaI at OPe
end, instaded between pump and IlUJlI)Ie inlnlduaion whe with a ClOD
nectlng tee. Pulse dampener is needed onlywhen pump II not poW'

GPC column. P, 25 mm Id x!oo or 500 mm with orpnk lIOhentpInnp"
kit

GPC ayrinF. 10 mL~ with LneN.ok tip, with VJJIlpore Swinny....
less IteeI adapter. MiDIpore 5.0 JIDl LStype filter

gtadoated cylinder (gnduate). g' rtoppered ~). c:aIibnII:d
Kudema-Danilh concentrator (&1».500 mL, with Snyder column, two-baD
micro&lyder column. gnduated reuivIng flask

R g 48

acetone. diItiDed from aD-tlI- apparaws
Bi&Beada SX-5 rain. 200400 mesh (Bio-bd Ubonroriea, RkhDM>Dd. CA;
pretested rain II-nable from ABC 1.IIboraloriN)

hezane. diItiDed from dtI-apJlBI'lIIUa

methylene chloride. diItiDed from aB-gJa. 8pf8I_

eluant 50% (Y/Y) methylene chIorIde/hezane

304 21
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304-22

P r '!It AI_; ...MIIIuII Val. I

Piepuadon ofGPC CoI-.

• Weigh 55 g Bio-Beada SX-!I infO tOO mL beaker.

• Add 150 mL 50% methylene c:bIoride/heane.

• StirbcIIdawith gIuIor_Irod undidbeadltune an lied andno damp:
arepreacuL

• Pour sIuny infO GPC column with aid ofadniDg rod.

• HoJdcolumninupriahtpoGtlonwithp~tigbtenedabout25mmfiom
bottom ofUAble leDjph ofcolumn. ignoruag threaded euda.

• Contin11OU&ly add sIuny fO column eo bcIIda neftrl>c<ome c:nmpletc1y
settled until aD bcIIda tune been added

• Place other plunger in column after bcIIda tune settled lIIId liquid ...
drained oft".

• Compreas each p1unaer equal diatance from ita ieapt>' lhe end until bed
length is about too aDm.

• Connect column fO GPC aohent de1hery.,.rem. aad pomp aohoent from
bottom fO top ofcolumn until aD air Ie expelled.

• A4ju1tOowrate ofiJiieIil fO 5 mLlmin and c:bed:column1* m,.A.lguat
operating praIIiR' for column fO 8-11 pigby moving P1uaJFr(.).

• Allow GPC IJIteiD fO cquib"bawt: by pumping aohent through It.

• Re-IMljuat Dow rate fO 5 mLlmin lfit...dwIged.

CalilIa'adon of GPC Cohmm

Eluti~ tiFtII

• Melt and IDter butter through fluted IDter...- infO pajtahIr amqriner.

• Weigh 5 g wmm IDten:d butter (do Dot indude~) into 25 mL
141 graduate; dilute fO 25 mL with 5O'J, methylene • /beDiIC; mill
until fat is diIaolftd (0.2 g fat/mL).

• F1lterfataolution through IDtndondNce lIIId l.-d5 mLfatiMJrinn 0Itt0
GPCcolunm.

• Elute with 5O'J, methylene c:bIoride/heane.

• Collec:tcolunm elIluentin tared beakeaain 10mLinaemenllfiomOto 100
mL.

• Ewporateaohenr. coolandweighbeakeaa tocalcuJate lIiIICIUIItfatelutedin
each 10 mL inaemenL (For manual GPC, coDect 10 mL .........._ in
separate gnduatea and tnIiIIfer fO tared beUeaa fill" C9lIpOi8Iioillllld
calOJlation offaL)

• Most(98%)fatabouldelutelnftnt60mL.If>5%offat........In60-'ftlmL
ftac:tion or l&ter. aeject column aad prepwre newoae by~wItb
original batch ofbeada. Visual evaluation ofJdow fat 1ianc1. it~
through column uaualJy lIhowalaillng or atreakingwhen colnmn • inad
equate. Use new batch ofbcllda ifaec:ond column is atiD inadequaIe.

1"



ElvJitm If}' ...tI.

• Prepare mixed lIlandard solution CODtaining 0.2 III diazinonImL, 0.611I
etbion/mL, 0.1 III lindane/mL, 0.4 IIIparathion/mL, and 0.05 III
pentaehloromiline/mLin~ medJylene c:bloride/heane.

• Filter mixed lIlandard solution through fillradon dmc:c and 1011115 mL
onto GPC column

• Elute with~ methylene chloride/heane.
• Collect 10 mL fixtiona from 0 through 160 mL
• TraDlfereachfractionto&-Dfiuedwilhgraduaredm:elvingl1alkandadd

50 mL h_e and 2-5 boiling chips; conc:enttale each to 10 mL.

• Use determinatift: ItqJ8 DG2and DGS (Section !OZ) to caloll·... IClOOfti'o
iea; column is normal ifdiazinon and etbion I1aIt to e1ule In either J5O.6O
mLor60-70mLfnu:lion.andliDdme_toe1utein~l00mLfiaedon

• Detennine whatvolume should be diIauded (-nyflnt 60 mL) and
wlwlhou1d be col1ecled (UIUlIDy 60-160 mL fraction) by namjnlng fat
and mixed lIlandard eIuIion profileI de\'doped aIx-. Use Ibese caB
bnted fraction volumes in sublequent calilmIIion -.. and in ample
cleanup.

Dhecdal.

• Use GPC column prepared and cahbrated. described 1I1lme. Column
can be used aepeatedly.

• Melhodisapplic:able tosl gfatamplein5mL;betterdelmupilp"Hided
ifweight of fat in 5 mL is .atric:tecf to 0.75 g.

• Conoeuttale I01uIion ofenncted fat to anal1 volume. Add 100 mL
methylene chloride and reconcenttale.

• Baaed on estimate ofweightoffat inauaet,Ulecalibratedgndnate1up
enough to create final solution COlJtaining g).2 glmL. TI1IIIIfer aJDCeDo
ttatedI01uIion to graduate. Add enough melbylene cbloride to provide
balf the fina1 wlume. Iben fill to final volume with baane.

• PipetlmLintotaredbeaker;e9apOralesohentandweip.lfweiabtil>O.2
g.~ conc:entration o£R'lDlIining IOlution to SO.2 glmL with~
methylene cbloride/heune.

• Centrifuge doudy II01utioDi befot'e 10adinadiem onto GPC. mteraD
solulioDl tbrougb filtration device before l;)J(:.

• Fill GPCI8IIIple Jopdjng100pIwith estnICtUlingGPCijlinge. Lo8d 5mL
fatlO1ulion (equivalenttoSlgfat) ontoGPCcolUmn.LoIIdmorelbanone
1oopwilhameaolutlonifnecdedtoincrealeftnaltoWoamp!eequMIent.

• Elute columnwilb 160mL50% mechylene cbloride/baane. Collectand
dlscanlvolume prmoualyc:all1mucdtocontainfat.SepentelycoDectfinal
portion, paeviouIly calibrated to contain ravines

• TraDlfer GPC eluate to &D with 5 a:;r.:::..ted n:ceIving I1aIk and
c:oncenttale to <S mL. Add hexane n:concenttale to <1 mL.

!£ClAM S04
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• Use appropriate detenlliDadve Ilepa to ideDlify and m 'Ie '''-''OCI
Dilute final concentratedeluatewith acetone lOrdeterminalionof0IJllD0'
phOllpborusreaiduesbyDG2orDGl4 (Seaion3OZ).DiIulewithheune lOr
determination oforganolJa1oFn reaidues by DG!l or DGI6. <lean up on
FIorisii (C6) before determination ofreaidueswith electron captmedetec
tor (DGl, 7, 10. and 15),

30424

ALTERf\JArn.£:

CS GPC. Fl.a:lSIl. aJ..UAN (4 G) aEANUP. THFf:E AIE1HYI.BIE
CH.DRICEB.UAN75

Refaaw:e
Griffin, lUl., "IIL (July1985) "Miniaturized FIoriIiI Columnaean ofa.Jorin8led
and Organophosphate Eluateain TotalDietSamples,-LIBzm,~RocbiIIe. MD

PlI••iVles

For additional c1e:.:r of1lIDIp1el, reaidues are lUnher .epuated from INIIJI'e co
extractiges on a coJumn of FIorisii adlorbelll; three eluanlS of ina ring
polarity sequentially remove residua &om the cohnDD

c:bromalograpbiccolumn,10mmidxSOOmm,Te8on~manepor""
friueddisc

AA",L••JP g •

acetonitrile, ctiltjDed from an.p. appuabII; see Secdon 21M lOr ctiet!Jhrion
direc:lions

F1oriIiJ, PR grade; see Sec:tion 21M lOr handling and llI:lIting diredM_ and
calculation of lauric add wIue

IOdium sulfate, anhJdroul, granular, J'F1gcnt grade; see Seciioll2OlfOr ....
dling direc:tiona

eluanlB: 1-20%methylenec:hloride/heane(Y/Y).DiIule200mLmeIhJleoe
c:hloride wilh beDne. Allow mbaure to racb _ tell'lIofflllDn':,
and M!iUItvoIwne to 1 L with heune.

2-IlO'JL lDeIhylene cbloride/O.55% lICdOIlitriIe/49.65% he *C' (yl
y/y). Pipet s.5 mL acetonitriJe into 500 mL mechyk:ue cb10ride and
dlJute with heune. Allow mbaure to reach room 'emp"l'lIbIIe and
M!iUIt to 1 L wilh hexane.

s-6Oti methylene cbloride/1.5% acetonitriJe/e.5% heune (y/yl
v). Pipet 15 mL acetonitrile into 500 mL melhykne c:h1oride and
dlJute with heune. Allow mbaure to racb _ 1h''I''IJamre and
M!iUIt to 1 L with hellllDe.

DiI.,L••

• Follow direc:tiona ofC5 up Ihrougb elution ofGI'C column Concmtnte
GI'C eluate to <5 mL

• Place aaivated norisil (weight -no/lanricadd vaIne x 4 g) in 10 mm
chromarognpbic cohmm; Ildd 8bout 2 em lIUdiwn 1U1faIe. CompIete1y
open stopcock and tap column to IIeIde adIorbent. Prewet column with
5 mL heane. Do nOi aDow cohllnn to p dry. Place K.D with volumetric
or graduated rKeiving flask under column to receiwe eluate.

II'



• TI'lIIISfer concentrated GPC eluate to c:oIumD, letting it JllIII dIrough at
about5mUmin.1lInseconlainerwithlWOSmLponioaaheanc.a....rca
rinsinp to column. and rinse wa1II ofchromatographic IUbc with addi
lionallllllllll pomous heDnc. ,

• Elute column lIlabout5 mUrnin with!l6 mL eluant 1.

• ~ &.0& and clute with !l6 mL eluant 2-
• Change &-Ds and clute with 40 mL eluant S.

• Concentrate each eluate to 1lUi1ablcdefinitewlume in&.Jl.Wbcnwlume
<5 mL is needed. UIC~micro&lJdcror micI'o-VJBftlWX cohmm
during evaporation.

Elm 304

304 25



p r .Ie~ MerIUIII Vol. I £1011 304

C7 FLlR5IL aJL.UMN (4 G) aEANlP, 71M1 MIXED ET1£R B.LJANTS, U!AI
CPTDVAL AL.KAJ..#EHYCJFD.l'SIS M

Emey. D.R. (1974)]. A.ssoc. OJ/. AMl. c.v.. 57, 576079

Erney. D.It (1985)]. A.ssoc. OJ/. AMl. c.v.. II. 969-97!

PI"- If'

Residues are separated from fat 00 a lIIlIllII column ofPlorilil adIodJeat. .......... DO
prior isolatioo step is included to mioimiv co-cxtractha. only 0.2 g e&tIlkUd fat ..
placed00 theFIorisilcolumn.Two eluaall ofincreasiDgpolari1yscquentillllylemcHe
residues from the column. The lCCOod eluate is cleaned up fUrther with a1b1ine
h,moIysis ifDeeded, a step applicable only to chemicala liable to hot aIbIi.

Appw....

c:hromatographi coIuma, 10 mm id x SIlO mm, TeOon ItopCOd. COIIIlIC

porosity flitted disc

KucienuH>aaish cooceataat« (&I». 125 mL, with Snyder column. bIOob8II
micro-&lJder column, gradwued and 10 mLwIumearlc: raeiving 8Mk

P g da

boiIiag chips, 20-30 DICIh caabonlDllnm

ethyl ether.distiIled fromaIJ.gIa8 apparatus,with"'ethaaoI. paeatadve.
see Sectioo 204 for peroxide tat

Florisil, PR grade; see Secdoa 204 for IwvUiag and tadag directiom and
calculalioo of lauric add value

hexane. disailled from.np. appuatuI

pellOleum ether. diItiDed from aIJ.gIa8 appuatuI

sodium lIIIIfate. lIIIhydrouI. gaaaular. reagent grade; lICe SecdoD 204 fOr
"'mdling directions

eluaaaa: 6% (v/v) ethyl ether/pettoleum ether

15% (v/v) ethyl ether/petroleum ether

2% (w/v) poc-ium h,.tnmde in methaaoI or edaaao1

1+1 (v/v) _/aIcohoJ

Dh~

JiJorisil Clrlt"nr ClEm.
• Cleanup is applicable to SfU g fat.

• Cooc:eattatioaoffatine&tlaetprepu-edbpE2l1aboutSO.tgin25mLTo
UIC this cleanup for extrlICII preparedbyE1. D. E4. or ES. fint cIiIate an
or pan ofCll1J'lICIed fat to SO.2 g in 25 mL

• TllIDIfer 25 mL aliquot to tared beakeraa:t.:m _ bub until
lO1ft:Dtiaevapol'llll:d.Lelne00 _ bubadilitional SO miD.lemow:.and
cool Weigh fat.

• Ifemaet coataiaa SO.2 g/25 mL, tnDIfer 25 mL aliquot to 125 mL &D
with gradwued aeceiviag tJast. Ifemaet contains >0.2 g/25 mL, tnDIfer
m1u 'D'i mnPipjpg SO·! r fat tp K-D,

" ••,.... aa::oa (11/19E18)......_-~ 304 27
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304-28

P U"AI"',· .........VaL I

• AddBegel1llbolliugc:hiplandamceDuatelOlUdoa toahout5mLoollalD
baIh. Let cool, re_ Snyder column, m-&D wilb twO 1 mL ponioDB
peb'Oleum elber. Use c:unent ofair to amcenuate ampJe to 5 OIL

• Place activated Ftorilil (weight· 1l0/J8uric add wIuex 4 g) in 10 mm ill
gIaM column; add about 2 an IOdium suIfiIte.~open .1OpCOCk.
lap tube tooettIeadoorbent, andIIIlII't tube 1anlIhow: IOdiumsulfilteJaya-.

• Add about 25 mL petroIewn elher to F10riIil roImnn & IOhenllewel
read!eollllll'k, place 125 mL &D wilh 10 mLwIumetric receitiDg"
UDder column.

• Uoing cfiopewabIo:xipet, lDIIII'er 5 mL concenuated Ample eatlMCt to
column; WMh wilb 1 mL pettoleum elher and add.... to coIumD.
Sohenllewel mUll not go below mark; leiiipOiaai1y c:Ic.e otopeock if
nec ry.

• Elute column wilb 55 mL6~ ethyl elher/pettoloeum ether.

• When lI011ent IeweI read!eollllll'k, c:hanF &Da. Elute coJunm wilh 35 mL
15~ ethyl elher/pettoleum elher.

• Concenuate elICh eIuate to IlJitable de6nJte1lOlume in &D. When 'VOlume
<5 mL io needed, uoe lWOobaIl JDicro.Snyder or micro-VJgRIIUlt coJunm
during e9lIpOration.

• Use appropriate determinathoe otepe, ouch. 001 01' 0015, 007, and
0010, to identifyand meaoure residueo. Second eIuate IIIIIJneed fiulheI'
cleanupprior to GLC; use optional albline ta,drol)osioifreoidnesare oabIe
to bot alkali.

OpIiDIItIlAIAG_w~

• ConceDuateI5~ethylelher/pettoIeomelhereIuateto2mLwilhCDl1'CDt
ofail".

• Add 1 mL2~ pollIIIium~/aIcoboI,aaacb IIIiaoSIIJderem"""
toBalt,andClll'diJDyreduce'VObtmetoSlmLoollalDbalh.ltdlmt15min,
Iben let cooL

• Add 2 mL (1+1) water/alcohol and 5 mL bePneto BaIt,and obake 1 min.
Centrifuge to oepuate ....

• 1"nInIf'er.muchbeuneJaya-. pew!Ne toleCond BaIt,"'«I"_.hIe
pipet.

• Add another 5 mL beune to BaIt, and repat eatlacdOD.

• ConceDuatecombinedbeuneeatl1lCtlltoloppiopiate'VOlumefOl'detami
nation.

,,"
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Refaewew
Luke, M.A.. and Doole. G.M. aan. 1978) -ARapidADaI,w for Peotidde Rak'ua in
Milk and Other Fany Foods,- LIB 212OA. FDA, Roc:biIIe. MD

Gillespie, AM.• and W.Jten,s.M. (May 1985) -An Alumina BJendingTedllricpfor
the Separation of Pesticides from Lipids (Baled on LIB 21iOA).- LIB 2'716, FDA,
Roc:biIIe. MD

Euractedfiatis di&penedon cfeac:dwted alumina andpestiddereskb_are .emowed
with a mixture of_andac:etonitrile;_ ofthe fiat is IetaInedbythe alumina In
the IUblequeDt step. Iaidues in acetoIdtrile are JlII11itioned bIIc:t into petroleum
etherwhen added_ Ied1wes their solubility in acetonitrile. :Residues l'n IOIuIion
areseparaudfromremaining_p1ec:o-extillCdw:sonacolumnoRlorililadlorbenl;
three eluanlS ofinaeasing polarity BeqUeDdaIly remove reskbJea from the column

OeanupstepC9of£enanaltemadw:F1orisilelutionll)'ltelD.wbk:hproduascliflCIeut
elution pattems than 01.

AJiI*....
Biiclmer funnel (BUdmer). porcelain. 12 em diameIer

c:bromatographi column, 25 mm id x 50 IDID, plain

chromatographic column, 22 mm id x lIOO IDID, Teflon IItopClOCk, coane
porosity fiiwed disc

filterpaper,Wba!lDlln No. 40, 15emdiameler.Washpaperby-'iDgin m-.
_/acetonilriletoreJllCM:IIJ....no::estbatinteJfen: inGLCdetaminaIioD.
Dry and store in cloRd container.

homogenizer. Sorvall/Omid type. with 400 mL cup
KudenJa.DaniIh concentrator (&I). 500 mL, with SIlJdcr mImnn, two-beD
~ column. graduated and volumetric n:ceivingflMb

aeparatoIy funnel (1eplIIBtor). 1 L

shaker. IllC'Chanial, BuneII wrist action

P g ,

Munina, FisherAdIoIpdon AJllmjna. No. A-MO. ~200 malt

boiling chips, 20-50 mall c:ubonmdum

etbyl ether. distilled fromaB-gJa.appuatuI,with K etbanoJ-p'-NIhoe;
Bee Section 204 for penmde tat

Florisi1, PR grade; Bee SectioD !Of for hancIJJng and tating direcrioa. and
caJeuJaMn oflauric add wIue
gIaIs wool, Pyrez; Bee Section !Of for handling directions

heunc. distilled from aB-gJa. apparatus

methylene chloride. distilled from aJI.gIaIs apparatus
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petroleum ether. diIdIled from anp.lIJIIIUlUUI
sodium chloride. reagent gnde

sodium chloride aqueous 101udon.18IUIated

sodium suI&te. anh,mou.. granular. reagent grade; lee Sraioa !Of for~
dIing directions

20~ (v/v) water/acetonitrile

eluanu: 6~ (v/v) ethyl ether/petroleum ether

15~ (v/v) ethyl ether/petroleum ether

50~ (v/v) ethyl ether/petroleum ether

Ptepu.....ofAI••,,".

• Wash alumina to remove '1"""'_that interfere in GLC detl5111lnation
Soak in methylene chloride ~l hr; decantanddiIcanlmethfIeue cbloride.
Soak in belllllle~ hr; deamt and diIcanl belllllle. Dry aluminacm_
bath.

• PIaI:e-tledand dried alumina in 260" C muftIefunIace 4 hr. TnwaCer to
lightlydoled containerandwithdrawc:onveoientamoaIlla (&8~500IV tor
deactivation. Add waterincmnenllllly to final CXIDCelIttaIioD on16~ (wi
w) butS19~ (w/w).sbatingbrieflyaftereaduddition. Onnjon. batwiD
beproducedwbenwaterisadded.SbaIte~hrcmQM'Cbankalsbakcr. 8toR
in lightly doled container. AJumina tbua prepared bas been fouDd to be
8t8bJe for at least 4 mono

Dncdcma

Dispmitm fIJI Ala . Ill:

• Cleanup is applicable to~ g filL

• TllIDIferconc:entratedlOludon olexta8Llled&ttotlln:dbeaker.UIinIr-a
amounu olpetroleum ether. and evaporate to dIynaI at _ ..m
tempe:r:ature onder current oldryair. Weigh and record weight ol&t
extrac:ted. Calculate weight ofIIlIIDpIe anaJyzed PI:

-"pt&t taken for demup
----;;~;r;:;;;;;;~-x-"ptori&inaI-mpJe-"pt fiIt exta&llCd

• WeighS2g&tinto 150mLbeakercontalning50gdea liYllledphnnina;miK
welL

• TranI£er miluure to 1lomogenizer alp and add !150 mL~_/
acetonitrile. Blend 2-f min at high .peed.

• Transfer _ olconten... without rino!ng, to 1bvlmn fitted wiIh fiJter
paper; IDler wilhout IUdion. Alternati¥ely. a:ntrifup blended contenU
5 min at 1500 rpm and deamt supernate through P. funnel with P.

wool

• Record mL IOhent recovaed; calculate g oampJe PI:

mL IlIhent reuM5ed
gample.gfiltx------

!l5O
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Pwliliolli""
• Transferfiltrate to 1 LseparatoI'conadninc 100mLpeaoIeumetherand

shake vigorously !IOsec.

• Add 10 mL IIItUI'lIted sodium cbIoride solation and 500 mL water.

• Hold 1 L separator in horizoalll1 pcllIition and thoroughly mb: 5045 sec.
Let Iayen ICparate and drain aqueous..into_d1 L lIepIII8IOI".

• Add 100mL petroleum ether to IeCODd 1 Lseparator.lhab:vigolOUlly 15
sec, and let Iayen separate.~ aqueous Iafer. combine peaoIeum
etherwith petroleum ether in origiaaJ separator, and WlllIh with two 100
mL portioaswatel'.

• DiIcard washings and drain petroleum ether. through 25 mm x 50
mm column sodium suI&te into 500 mL &D. RiDIe separator and then
column with three 10 mL portioDs petroleum ether.

• Add boDing chip to &oD and c:oaceauate combined exuaet and riDIelI to
S-IO mL for tratIIfer to florilil column.

F1Drisil C«uaa 0-..
• ~aetivatedf1orilil (4"orweildat~tenDiaedby~addvalue) in!!

mm idgIa. c:oIuma; add abouib.5 1IDhJdrouI1IOdium~.Picwet
column with 40-50 mL petroleum ether. Place &D with volumetric 01'
graduaaed receiviag flask UDder column to receil'e eluate.

• Tnmfer llUIIJlIe extract solution to coIuma, Ietdng it~ through at
ahout5mL/min.RiDIe c:oataiaer (andsodiumsuI&te ifpraent) with two
5 mL portioas petroleum ether. transfer riadnga to column, and rime
walla ofchroJDatographic tube with additioaal small portioas petroleum
ether.

• E1utecolumnatabout5mL/minwith2OOmL6W1et1tylether/peaoJeWil
ether eIuaat.

• ~&-Dsaadeluteatahout5mL/minwith2OOmLI5W1ethy1ether/
petroleum ether eluaat.

• ~&-Dsand elute atahout 5 mL/minwith 200 mL5Ow. ethyl ether/
petroleum ether eluaat.

• Add boiliagchips to &-Dsand c:oaceauateeadl eluate to IUitahIeddiaite
volume. When volume <5 mL is needed. we two-baIIltIicro&lJder 01'
micro-VJgrellUX coIuma daring final evapontioa in aea:iviag tlast.

• Use appropriate determinative step!. such • DCI or DCIS. DC7. and
DCI0. to identifyand me.ale residues.

SECIOI S04
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ALnH\IATl\.£"

C9 USPSlSO\/ ON ALLNIVA. R.CRSJL. CD..I..1MII a..EA/IIlP.
THREE AIETHYl.E/IECH.J:RCEB.UAN7S
PdF-I.'m

F10risiI is eluted with miDures f6methylene c:bIorlde. hame, lIIId .......iniIe.1bc:
ranlring IIeCODd eluate is cleaner than the second eluate ofcs, a1thou11h~ ofthe
fat placedon the column is eluted bytbe third eluant. The eluancacanelnteP""""'+te
chell'kaJa ofa greater polarity than can be eluted byC8. C9 is prefa.ed tor~
offals and oiII, tor residuaofendolnlfan and toraeparaIioD ofhepcach1orepmride
and octachlor epoxide. .

lV·Ii'..... _,.'111'....
eluanlS:

DhK''oI»

1-~methylene chloride in beane (v/v). DIIDJe 200 mL
methylene ch10ride with beane. ADow miDure to radl room
re"'l'eralUre. and lIlljUItwIume to 1 L with helame.
2-5O'JL methylene chloride/O.ll5~ lICCiOIIitriIe/49.65~ h Wi__

(v/v/v).Pipet!l.5mLacetonltrileinto500mLmelh,1=--chloride
and diluiewith beune.ADowmiDure toradl room 'e"iplDbIi'e
and a«ljUIt to 1 L with heune.

!1-60~methylene chloride/1.5~ acetonltriIe/48.5~beane
(v/v/v). Pipet 15mLacetonitrile into 500 mLl&'tbJIeDe ch10ride
anddiluiewithbeune.ADowmiDuretoradlroom'"'''I''''iliWe
and a«ljUIt to 1L with beane.

304-32

• FollmrC8 abcM:. except tqIIace thedftcdoDs torI10riIiIcolumn d"''''lIJ'
with the following:

• I'tace activated F10risiI (4" OJ'~t detetmined by lauric add 1IlIIue) in
22mmidglaMcolumD;addaboUt0.5"anbJdrouliocIiWDmlfelr~

column with 40-60 mL heune. Pbce &D with wlumeuic OJ' gradDMed
RCeiYing fIaIt under column to recehoe eluate.

• Trans£erAmple cmaal101ulion to column leaingit.-lhroaahatahout
5 mLlmin.Rinlecontalner (andlodinUlIUlfilteifpraent)wlattwo5mL

portioDIh_e. tranIfer rinlinp to column,lIIId rinIe wallo ofem-to
graphic: tube with additional smaD portioDIh_e.

• Elute column at about 5 mLlmin with 200 mL eluant 1.
• <:2IaDge &Do and elute with 200 mL eluant Z.

• <:2IaDge &Do and elute with 200 mL eluant !I.

• Add boDingchJpl to &Do and conamttate -=h eluate to IIlJitIhIc definite
wlume.Wben~e<5mLisneeded,metwobaJlmiao&lJderOJ'~
VJgI'ellUX column during final ewporaIioD in receiving 8aIk.

• Vie appropriate detenuin8Iige Itef!. ouch • DGI or DGl!1, DG7.lIIId
DGI0. to idendIJand mellure I'elIidua.
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CETEFlMNATOI
Injectconcenuau:dextractequiwalenttoS5mgfilt (orlOmgwholeproduct) intothc
fonowing GLC.,.wns (Seaion !lO2) for decamination of taIdues.

Minimum recommended determinationl:

OGI or OGIS residues with halogen. sulfur. or other moleIieI

or

DGSorOGI6

OGIO

0012

DG7

DG2orool4

or

late eluting orpnohalogm residues, are' jaIJypyrethroidI

early eluting raidues with baIogen, sulfur. or other moleIieI

orpnophmphorus residues; large amounts of sulfur may
interfere

orpnonitrogen resicbWS;~ to IlitrcJsen, but c:oe&1I..,.
tiva may contain nitrogen

DG5 or 0017 orpnonitrogen and organophotphOl'llS residues

For lICCUIllIe quantitation, Iefelence ItIIndanIa ahouId be diIIohm in __ 8Ohoent
as concentrated e.tract, only peals >10... FSD lhouJd be me rmld, and peak...
ofraidue and refeJence ItIIDdanllhouJd match within :1!5....
See CbRpW' 5 for additional information about operation ofGLC .,..rnw; SectioD
504 provides information about quantitation of taIdues.

See Seaion 205 for additional information about refaence 1llnM!....

SeeSeaion IMforadditionalinfonnalionaboutreportingresk'ueanddeleillljnlng
compJiancewithregulationa.

See Seaion 105 for additional information abol1t aD8lyticaI JimilII ofquntitstioa

lD\fR\CATD+I
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