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p , 'hi /WIll' .. MnIIII Vol, I 9£1~ 401

401: METHOD FOR N-METHYlCAABAMATES
BASI:; IV BEN:ES

XnluIe, LT. (1979)J. aa rt •• 185. 61HM

XnluIe, LT. (1980)J. &IIlIr:. O§..AML ON& II, 1114-111f

KnwIe.LT. (1985)J.&IIlIr:. O§.AuL Q,all. 7M-741

tDEFIAL.~

NmdhyIaulwmllfe iDIecIk:idoe ,aI.tnn, InchvIIng ClIJbe!M!e _ ........ are __
1IlIcIIld widl me'''''''oJ, 1be eAi-=t II deaDed:" ." ...~IIIId «.I""",
c:hromalup'aphyon a c:llan:mJlCeIiIe mImnn Raldwe are 1 ckuamlnM

=:;.~:'i:;';;;;)J\~!:J==.c--:;.==.:,:,:,&::
~ deliecIoro
V..tiouI ill the defamiDaIhoe lItCp may be med for' ...............__ oIdlc
~1!lUCIDI'C.

APPLX:ABLITY
~k Guide 1IO PAM 1 for' ....dilie.... iDCor...·tim penIDeDt 1IO dlc .......-_
appHndOD ofmukiraidue methocIoIc'I)'o
Method II appJbb!e 1IO J""'ldch_ wIda lID NmetbJkaaIM' re lUucmae ill eidleI'
noaflulyorfaltyfoodlwhendeterminaIlge lItCp~~1ljch....,.1IIId
demelhMion. Sec Table 401... f'oII-mg method dacrlpIiOD. for cbembh teMed
Ihrougb dlc method.

Medlod ill appIIc:abIc 1IO naaurallyfhMnlcent ........ when~ h,dui,.
and cIeriadzadoo are notpeaformccL Sec Table tOl-b, toIIoiIIng Table 401..
Certain co,,"'__6'.... ..,............ CXlDtlIin naauraIIy fIuooaDeDt CO<lItIKd.ea ....
iIlredbewith...,..
Limit 01qumritarion II0.01 JlPD aubo6uan ill hip ........ 'Ie poduaa (fieah fndIa
and -qe.....) and about 0002 JlPDIn dryproduclL

IVBEI~STNDAJD3
Dillt'he lefeaewe ........ ofNmdb,...,lw_lnIn methenoillO podaoe COD­

cenuadoal 011 pg/mL SlIOre lOludom In ·eth""" "we. IIIId bcp In1m. •
bll'when _In me. MOlt aut-mere ItlIIlduds IlIOied In dliI m8"1WC arellllhlc for'
--m _tbI Rania. me!hlocub auJfuae IIIId .d'h4Je dqp'Idc widaIn hoan
and days, ldifl eaiuely. CftIl widllllllted ..... pb ·"IW-

SIEPS fF TI£ METIDJ
Emaedua(B)

E1 (po tOl-5)

a (potOl"')

Elmadoo wIda medwlol

Elm......wIda mem.noI, mhM eel-mple-
Kr wo.
high ........Ie poduaa

low awohcule pnwhMa

a i (C)

CI (po tOl-5) Two lIP.Iiquid-BquidpuddoIIIng .. JII'O"u'U
and chaicoIdICcIi.e cofumn cleanUp

11. _110...., I1IlMJ ......._1- __1IVlIlI "tU I



SECIOI 401

Detea••1 eat! • (D)

P ,...AnIIJIbiI ......W. I

B...u ,fed.u.e

DLl (p. (()}-9) HPLC, JXIIl<"""1M hjclaul). mil N-aw::dijba'." -
deri-lj".klo. fIuoreIC'"·''' detecPrla J"IkIueI

DU (p.(()}-}ll) HPLC,8uoreeceD.cedecectioD ..-.n,lDlIeICCilt
.....fges

........ 4D'I..
.....1Od ... N MIIII " In 7

DL2........,
...--&
"'Wi__

VA11l47DV
1he foDowiDg comNn.tIcm hIIwade&goae Intealabonlui, waf......mil11.­
mended b Ole:

a+Cl+DLl
V"'idetlon 1ej4'1:

~ llT. (l98S)J. A-. Qff. A..r. a.... 757!l!l. CoOahandw IIIidy
1mding to AOAC nIBc!aJ final acdon b .Idio alb, ......'b wuJfime.
buf'OKMb,cut.yI,CIIilo6irwa, !I-h)di ,....bco4ia............iooub,metbomyI.
mil OUdIylln IJIWPeI mil pcllWl'MI

AOACofIic:IlIImethochd'eaeuce:~Md_tf~If*A(MC(l990)l!llb
eeL. 98S.2!l.

401-2
?

1



Krause. LT. (1980)J. A-. OJ!. AlIIIl. a-. G. 111401124

PI" 'P'

Appl a.

Dlrecdi..

Buchner fimDd (Buchner). pon:eWD. 12 em cllamelel

evaponIDI'. _ rolaIywilb c:lrcnlatlng cbjDed Jiqaid (_1Ipre 4Inob).
MaiDlaiD 1+1 waaer/etbyleue JdpcoIlIOlutkm in· '4odme!nraJiII .....ouod
receiviug lIaIIt at _150 C willi "III hooepowu aK+!g UIIiL ,_Jete CIllD­

deDIer With Stp ...... or odIer IDIIleIiaL Conaol etilJlCN1IlOI' .. ""III wiIh
_ pump lIIId PDF; IUIlCmleleI' may be UIed but 11_pefeaaed.

flkcr pIIpei'. SbIIatIkiD. or 59'1
SIlcS, to fit Budmer

"'1'OUIId-bouom (I'b). 1 L,T
14/40
hoaDcJpaJRr. Po1Jaroo Model
PT 10;55. wiIb PT !15K genera­
tor c:onWning knifts. head
equipped with metal (not
TdIon) ......ing ....._.

homogenizer jar. foUMide.
p.,lqt

mapedutlarc....... 10 mm eli­
_x8mmhei&ht
_,m fiIti1Idon...500 mL

0=1~~~m::
metbanoIIDJ1<wro......ja'.

o H~mbmmdlChec:ataboutbalflJlCCd(H1I".of7) .... tbcDllO
lee: at IJICCd.

o Vanmm flkcr hcHoopuaIe IhrouP JInc:hnei' 6aIld wiIh flkcr .........
c:ollrc:t fiItraIe in 500 mL _am tiIa'atioa lIaIIt. lIecluce..""III dwing
fiItaation iffiItraIe begInIlD boD.

• Tnnsf'er pardon offiltnte equi9aJeDt ID 100 g -mpIe ID 1 L I'b lIaIIt.

.1 •

401-3

,



l£C10I 401

ad._
1IOIume 100 g ample. +200ad. melbaal-IO mL CODIIJlCtiaD.....

loogamp!e

• Add mough wata" 10 I'b"10 tDCaIloo mL wata".

• Add -1JIlIIIledc IIim:r 10 I'b fIaIt. 1'IM:e 250 mL top CIIl 2 L I'b ......
and aaadllO - nMaI)' evapw1IfIII'.

• 0rcuIIIlic u:frilJUMltd (-15" C) (1+1) 1l8fa'/cdJtkw IdPcoIlIuvap~
rator condenaing ooiIa; mpin!llin iea:lviug" M -lB"C by iwmallioD in
iC:fdaeu..al bmb.

• APIlIY-1IowI)' 10 ndrdm"e frodIiDI by reauJadDlrwidl D II IDe WIhe.
JIltiei full WO'U'll iI app6rd. IIowI)' pIKe ...... In 55· ~ .-r ...... CoD­
CII:Iltrate ClIIiacl 10 75 mL.

4014

AL7ERN41l1E:
E2 EXTRACTDJ WITH A£THAIIa.. REnlF"J SAMPlESIZE

Pl' efJ"

DIa .di.
• Proceed. ill £1, aa:ptaaaa75 gpOllDlllowllllJilCwepoclactwidl!lOO

mLmcdJaaoL

• liaalfa pocdou offil1nte~ 1050g .".... lID 2 LI'b'"

mL_
1IOIume 50 g ."'1. - +200 mL me"·''''

5Ogllmp!e

• CondDue.inEl,·Add_..... _IOI'b...... IO .... l00mL.-r.·

llJ= 2 ........ nlM----
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C1 LD.IDI.am PAR1TTCIIIN3 AMJ GIAJC11AL/CB.trax' PM
aEANlS'

Refa...

KnmIe.R.T. (l980)JA.urlc. OJf.ArtIIL ca..•. 1ll+11!4

&,,*.,11.
Residua inaq-. exta.....arc InIilIfi::rrcd to lICeUlIIIIdIe ..,IiqukI-liquid~
iDg in the pUSCU.l:e of IIOCtium chloride. Coextaacd_ are n:JDOft:d the
aceromailc IIOIudon bypu1lrlmlng them laID pettokum ether. which II clilcaaded.
Raidnea are panlIioned from acetoDiIri1e into methyIeae cblorlde. MethyJcue
chJoridellOlution'-c!eaDrduponac:llan:ml/Cdileoolumn.mdpwicluftareelaled
with toIucne/acetoDitrDe.

Appa--
c:broaIIIbIpapb c:oImnD. 12 _ III )( !IOO am, Teflon -.paxk. COUR

ponIIity fridN diIc

~apbicooIumn, t5 mm Ill, plaiD

e:iIplDtoF.-rolIIIJ•• deacribed in".1
s.a,1OUIld-bouGm (I'b). !!iO aDd 500 mL, 11.T2f/tO
JIIlIIIlCdc ldrrer.lIlar. 10 mm dIamelr:r)(8_ heJsht
IepIII'lIlOIyfimDeI (1ICp8I8fOI'). t50 aDd 500JIlL

...,nun adapter.1ide ann, with TWtOjoinII

• •
llCClOPitriJe•.,.,1Jed from aJI.tI-appu.bF; '"SrcdnD 1M.....dIod1Iadon
cIirectioDs

CeJi1e545

c:han:om (Nuchar SN). podllCed by W_ CoIp. Pel -""hie ftom
"""80 KMU Cat. No.1180fM•
1+4 (w/w) c:barc:omICeJi1e. combinllld after ada IIpepwed • clitecllid
below; mix thoroaPIrPel__ ill-WClOIllalpcr

dlcbkJa",Jj,,--th,wJane

P.wool, P)Tex
hJdrocbIoric add; cmcmttaled, r! pi'"
ioopropqol, dildJled from..............

mcdumoI, c!lItiJIed from aJI.tI- appea­
wethytred
melhyleDe c:bIoride. diIdJIed from aIJ.j' appw_
pctrolcam ether. ctiItDIed from............_

IOdjpm c:bloride, r g 'Ipade

N (w/Y) lIOdlwn cbloride/water

~ (w/v) IOdium c:hJoride/_

11. ' .....111......r.m _
401-5

"
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401-6

sodium 1lJIfiUe. uhych..... gnmdar, rc:accnt pde; lee Sec... lOt far Un­
cIBDg dircctioDI

toluene. diIdIIed from aJI.tI- iIJIIi*hItUi
e1ulmt: 251. (v/Y) toIuene/llCetODhrile

PJepa..... ofSO 7 lIeelldG

- SIunylSOgCditc56wirh I L (1+1) lIJdrochIoric~in2 L'-w.
c:ow:rwirh waIrhp.. and E ~wbIIe1Joi1ing 10miD.

- Cool aIuny. filter. aodRIb wirh distiIIecJ 01'HPLCpwIe_UDdlfillnte
ilneutnL

• WadlCelitewirh!5OOmLmrthm9lfoDc nedbJ!500mL~ c:bIaride,
and rhea air dryCditc ill hood on ...m .... 10 lemotelll&mt.

• Ti..... 0eIce 10 1 L I' noppered <Jt-) Erlene Poo.l, IIelIt"".~
pen:d &.It ill 120" C _ OftnIiIIIuDd tbeD CX)O) .... in d d •M •••

• Place..in hood aDd c:udiJIIy pipet S mL didalo..lClI.....rhJllllme _
CeIite. SIopper'" mb: -n,lIIIiUet fI8IIt leuudnau_ Ie"••ndllle 4
hr.

• Add!500 mL medwlollD'" • and let IllIIId 15miD.
• FUter p'JanbM 0eIce and RIb wirh .....",.,001 UDdl DtUII'aL

• AIr dryoihnbM Cdite in hood 10 lemote .....".i*OtI
• Diy oiJmbM CeIite in 1(15- Covent hr and CX)O) ill d d ••" •. Siaft..

Dixd 0eIce ill ,.. coolaiDer.

• T_Ce1Iiefor~.u.mlzetiopwirh 11ft) -.PlaceabouiIICc1IIeiD!lOmL
WlIIa; ......bM 0eIce wiD float. Place rcoad 11CeIIre In 10 mL .......1"1:
AIIiDIed wirh IIiethJI red; oiJm'-' CeIIIewiD5~JdIow. If.-ddeaof
CeIite are dilpeIlied in _lIIId/or apfGI" pliik with IIietbyImil.........
IOIwioa, acdve IiIea IIiJl aiIt OIl CeIIte; lEie.oiJmipticm,

....n. '''of0.....
• ShIny 100 g NudIar SN wirh 700 mL hJdrocbIoric: add, _ with wu:b

..... and E n~wbIIe boiJ!nB I hr.
• Add 700 mL_.E. and boil .....JIIh... SO miD.

• CoolIluny.IIber. andRIb with__UDII1 nClllnl.

• Walla Nuch8r SN with 500 mL .....lblIIIoI foDc ned bJ!lOO mL mcth,ICIIC
c:hloride, aDd air dry NudIar SN in hoocllD lemotelOheDt.

• DiyNucbar SNin 120"C oven 4 hr. Cool iIi dcP'XIiIW.ScoreNadlarSNin
,.. coolaiDer.

T....."'a--J/CcIIIe
- I'Iepaie dr:a"'" C01nmn of (1+4) (w!w) chaac:ual/OcIbc • dcIaibcd be­

low.

•~_tncl....don of 5Ii(!mLeach......yl.merhicM3m,mzchio.
Clll61l11ruddc, aDd JDCIhompL UIll6~cdmbcd.....nI .....
tion; medIioc:ub IUJfmdde dcgradca in • a.

'Ii I 7 NlLIM-t,,1M----
JI



·=-~ iDlO Z!iO mL I'b &.k lIIId 5 mL iD10 2!1 mL acdnk

• DiluIc "Obuioa iD WIlumdrk &.k lID 2!1 mL1Illh methmoI;we. HPLC
u:meo.::e 1laDdaad.

• EwponIie-..clanlaoh'doniD I'b&lkjult10mj,_wilh~
enporaaor_dacribedbelow.After_tneeofmrdill101_
leJbO(IIe rob&.k&om t:VlIpOI81OI'lIDd diMohoe c:ar'wnUI!e IEIidue 10mL
melhjleue c:b1orlde.

• 'I'nuII£er medIjIeDe c:bIoride oo!gdoq in I'b &.k 10 pe.-ed Ildooibeut
coJumn lIDd e1ute • dac:rIhecl below.

• A8a"evapotuiou ofeluate inI'bfllli,diIIohleftIicIue iD 2!1mLmecbmoI.
fI1Ier aliquot through filtration device. llDd cr'!"dme lec:owa, ofcart.
matD.inDU.NucbarSNitCOJllidered·'Wf'Jo:I"..,If_,..~~

• 'I'nuII£er OlJ'(eDlnIed aG1ICt &om 11 01"It 10 !IOO mL 1epG__
btbJiDg 15 g IOdiDm c:bIoride. SbUe tepIIDtOI uadlllMUw" c:bIoride II
diiaoIfed.

• W8Ih1'b&.kwllhtbreeZ5mLpol1iOllucetllllkilJe,aN F liI4CKhIO
500 mL aepu'8IOI; sbaIte ICplIlUGI' 30 ICC, lIDd Jet IiiJaaoepw_ 5 miD.

• DniDlIqiICOUIp-intol5OmLsepu1itOI"ambtbJiDgSOmL.eetIDIIkiIJe.
sbaIte 20 ICC, JetJarers 8epGlUe. aaacllKwd...-".

• Add 2!1 mL 20'1. .-1Odiumc:blodde ICJharion 10-moe in 500
mL ......... sbaIte 20 ICC, Jet Jarers sep8I1IIIe. lIDd .......... ....­
ooIgdoq 10 Z!iO mL....110I.

• SbUe Z!iO mL IeJIU8IIII'20 IllC, Jet Jarers ....-.lIDd cllKwd -q_...
• Add 100~ elherI05OOmL.........sbaIte 20 tee. Jet..

RJlIIIlile. draID acetoDitrile..in10 IIeOllPd 500 mL .

• TtWlllli:a lICe'IlIIitrIIe in Z!iO mL sepu1itOI" 10flnt500 mL whIdt
OllIllw- petroleum edler. sbaIte 20 IllC, Jet IiiJaa ....-.lIIId a......
~ toIlllY'ftll5OOmL .

• Add10mL~lOflnt500mL sbaIte.JetIiiJaa....-.
lIDd a..... IIcetoDiIriIe 10 "'C'"IId 500 mL oepwuar. DiIcanI petaulewa
ether layer.

• AddSOmLK8Il-1lMI1gm c:bloddeoolgdoq10Ket.·Ii,riIein_od
500 mL ...... E1dnIct mb,"'C _, hely wilh 100. 2!1, lIDd Z5 mL
lLCihyJeue c:bJodde, "'UiDg each 20 IeC (sbalte 2!1 mL JlOilk.- FDJIy).

• DraIn lower IIIIlIbjfea.e c:hIoride/llCetOllkrlle Jayaa dInJuP 12 mm Id
coJumnClllDtalniDgabout5Q1lIOdlumIUifllle.CoOecteluMem1LI'b'"

• AddltarmwpcticllirrerlOl'b'"Place I50mL1IIIp0lllLI'b..lIIId
aaacb lID _ lim" roiIIIJ' e.........

• C1mJIImic:fiiJcnlild (-lS·C) (1+1) WlIIeI'/elhylaaeaboJIlhiuughClliJ»"
rator ccmdenpngcoiII; maintain receivingfJaIlllt_116 Cby Iwmalioo iD
n:6ige&1II:d bath.

1II••,.........t ftllMJ---..,.

a:::c100 401

401-7
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• AppIywcuum slowly 10 minlmbe fiodJiIw br~willa De! tilt whe.
Afterfun -=uum itllJlPw,lIawIyplKeL.t In !5" C waIf:r11Mb.

• ltemoge I'b t1aIk &om ewpontm' ImmedialelJ w(\r' ... tnea ofriudaa
haw: evaporated and add 10 mL methJIeoe c:bioride 10 rb....

ac rrlICIIiII a nil
• Ht CIIle-hoie No. S rubber IfOIiIld 0010 dp of~ ....a.-
='::=_-==~!lOOmL flllt.opm

·~~::"~m..:;:;::~-t~';"' "::=rSc:
lOp of adIorbent.

• P1C5T± column with 50 mL ISS """ene!liCet'N,ilille ehwnt CIaIe ......
cock when peu b ooJudop it about 0.5 em &am lOp ofII-~

• DiIcCIIlnect wmum, diKaid ooJudop In rb .... aDd rec'~.. 10
appara-.

• 1'mDI£er 10 mL methjluw: c:bJadde C&UlICl &am pulido....... 10
column ad elute 001..."" .5 mLlmID.

• WMh 1 L rb t1aIk with 10 mL iildhyleDe dJIoride aDd Ibea willa IS mL
eluant. Trauofa CIldlllCplllMCly 10 "'mn aDd em.. CIldlIO lOp of....
wool befOre wfding DCIll ......tjon

• Add 100 mL eluant and elute column • 5 mLlmiD. Tlun oIf-.opcocl
when lOp ofelumtl'CllChea lOp of wool

• Ewpcnte IO!qtjon In !lOO mL rb jUIt 10 chjLeII UIiDg - 1-".~
0l'lItm. above.ltemoge ..... &om~ j ..."wIia.-'J.ala'.n...
tjon bM ewponced.

• lmmed-Iy pipet 5 mL methanol iDlO !lOO mL I'b.. to heM ...
due.

• <leaned up ClLUlICl c:nn.....10 g.':t~:j'/mL IC'1l '\lD far hIP
IIICJiItDle producla aDd 10 g umpIe mL IOIudoD blow"-
uue produCll
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DL1 fA.C, PCST-aJ..l.NN CERIIIAT1ZATDI. R.LDE5I.sa tEIB.:IDV
IIelei e

KmDe. LT. (1m)J a. _•. Sci. .1, 281-8

Pil;+'r' •

ApjMi....

fIIcndou device for dnticJnL 10 mL IYdDae with u-.Lol dp.1iaIld wIda
either Ca) J5 mm dlametr:r Swmny IIIabJIcia IleeI ftJter bl:tIIks IIDd 15_
dlameu:r fiJten, 5.0 JIIII LSqpe. 01' (b) d .........memIlnDe 8Iecn,15_
diameter. 0.22 pm DyloD membrane. eDc:ued ill po:~eDc.
(Pt III mb!ed devica that do Douequhe a .,.. are Uo )

HPLCiJilal <F12me40I-c) IllUltmeet.,.remprigNJlty_beIow.0.,'1"­
lIJIIeDl co""~
I) mobile pbaie deIhoery.,.rem.~ HPLC pdieDt..­
2) irgeaor••""neOC pFHlJ..rwith 10 pi. bgectL"loop

5) gaud m!mnD. "mr'nllteel, con-lug~ JIIII pe1DmJer C8 01' Coil
P"""'1

4) m!mnD _ orhcaIa'

••

ca...........-.-

11........ -.t (111MJ_1DIl__

If
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5) aua1JticaIcohmm.25emx4.6mmid,alIIlaiDiDa6pmZGr'-CSIplaeriml
parddea. Column plIl'au, mould ec"._ of3 01" 6 pm IlpbablIiJic:a
panicles bonded wlIb mouofunc:rioall 0ClJI1iJIme r=c lit lDfonD_
molCOIler bood.

6) OODIlCO~ No. lIOf 1llIin'_1lId (1.6 mm od x 0.18 mm Id) to
OODIlcet • cohmm, mel fint lee

7) poIl<Olumn cIerivadzadon UDit,.m- in...... 'f'Cd pdoD fIE IIpre
401-1». UDiIB .-l during c:oIIaborathe ItUdy of mecbod _ -r.ct
from the followingput

a) ra toir.fOrlOdiumhydroadclemelOP.~·O'PCre.I"I"'''''''''eo
em x Z5mmid....c:ohmmawith Tdioa ftainp;.. IIl1n ......
withniarogenpa. a4juIced lDcreateappiopialle r awttlow. (Pampa
em be IUlwdmted fOr nitJoseD.... lie.)

b) 6mx0.5mmldTc8onRltricdollalil,lDOO!IJW!achr I RJirtol5
emx 0.18 mm ld..ln'_1lee1 tubiDg, which in_ii_led to
0.74 mmlel1lPin'= Ilee1 mizing tee (Vilko Ium",,__eo.. CllLNo.
zvr.0&2) for COJIIIf'Cdon lD flow ofmoIIiIeJlb-

e) CI".".!e~ch_ber.min'_llIdlllhiDg.5mxo.48DUDid

No. lIZl. coiled cD fit in 1IIIaIl_ capebIe of -ma.iDiDg c.........
unibm 100" C

d) reac:tioIl lUbe. 25 em ..w=llee1l111liDg bet !D lee thM *r_.
OPAMERC IOIudoo lIIId 1.5 em xO.5 DUD id dcte I.' eel ......

C_-eh:iIil)lOll<Olumn dcri9atlzadGD uniII dia repIM:e tbMe ec...
nen palhNefrom-.I_,m-I"'ul(A8l.Pidaiua~
men... Walen). s,......with dual piIIlDD P""'P" _ ..ef'eraed.

8) fIuoaeIc:eDce deleClDi. dual JDOIIOCiuomMw... elJIlipped witb SilOpi.eel

9) aeooader.1trip cbart recorder 01" Qiljjplling ialqpaIDI' 0'''141''* with
detector

401-10

P • I

-aBe. UV 8J1Ide dIIlD'cd from ....~ Bcbe -. ...

=~e~~::::"===~..:tnomq...dlJo'"peab in cIiaomalDtpamI.
hiac:aptuethmol (MERC). 98f.~

methmoI, dlaiJJed from aIJ.t' appualUI

opl'lhahkleJa,dc (OPA). c:bnnaq.qhk:...-
IOCU"m bonae bul[eraoladoo. 0.05 Yo Add 19is1oACS"-"'"m teIi~

=~1t~;IOk~~-:.u:a_~....~acC
letilIbonIe, c:ooI lD IOOiD teD1JlClBlllre, and diIure to riame with d g II
HPLCp1ide_.Mbrwell,bufgently. tonrlnimlpnHiIocoipca__afllirinlD
II01udoo.
IOdiumh)daaddc1OIudoo.o.osN.Pr~c:Ieu........ii8IIr: ..,Ih,olh)daodde
• foIIo-= to one J*'l ...11",,, hydauDde (r g It quality c:oalalning <5~

-m,m carlIonare). add one part WlIieI and IWid until riJdon it complete.
Stopper lIIId let IIIide untillOCfi"''' c:uf!onare hal ICUIed, katinadar liquid

11 5 .... ..., I1I1M!

---~
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PIpet10mL5 N oodimn hydroadde into 1 LvoJumeuicfluk.DiIuII: to1'Olllme
with dqp ed HPLC pade.1IIIIIer mel mil: weD. but pdy. to minlmhe re­
inCOlpOlUon or8ir into 1IO!ntjon.

water. HPLCgndc.mmmerdalproductorJ*ejWedfiwD-JMIi!" ...Ioa
equipment dw pmducea dildJled, ddonleed water. ForHPLC, depl1IIIIIer
• dacn"bed for 1ICetODiIriIe. Water DIUIt be adeqaaeIy pwl&ed to ~CiCDt
p1uaiq HPLC c:01umD mel CldnIDecJUI peab in cbnnah'll..... AD 1IIIIIer
Usedin iiPLCprocCllulc_beHPLCJP1Ide. ("W8IeI"'dwdoelDOlopecift
HPLC grade__dkdJIed 1IIIIIer.)

OPA-MERCraaIoo IOIudou. Wetp 5OO..0P,," tIaiIIlierlO 1L,..J" ale:
fJalk,lIdd 10mLmelhmol, audlwirl todillohe OPA.AddUout5OOmLo.o5
M .ooli..... bonaebulrcl'lloludou aud 1 mL Iowa, ..,.NldwioL DIlute tovol­
umewith IOCIium borate buft'er101utioa. MkweD. butpdy. tomigImhe re­
iDcoIporaIioa or 8ir iDtD I01udou. (Bente IIO!ntjon JIUId-ed in p.dc
botdea CII' _ puritygr.&s orOPA may ame eI -lidybiBb....0UD0f
tIuoJmc:t:Nle.) SoIudou ia ... qolahJe for' Uout ! eta,. wbea ItDI'ed at __
1"1'1_.Uout 1 week when IIOrCd in le£dsuatorOl'UDder helium.

S; .Opat'"
• Altiultmooi lepbMeflowntetol.5Q1O.o!mLlminwith5Ol>1ClCUmiIriIe/

HPLc grade water.

• MIUIt flow rara or0.05 N IClIIhlm hl'flOiddu.OPA.'DC Jft"!L'wI.oomcm to O.501fl.o! mLlmiD each. Opaafe coIuum _ at S5" C aud
bJCfro17* chamber at 100- C.

• SetfluooClCU"C deteclOl' eli "a'Loa aud en) 'oa WI ........ to!HO....t
S i1ID, lapeaiw:ly.aDd IIIit widdis to 15 aud 12 i1ID, reIJ'" didy. Set
detector ph_uIIlpIier Iiibe pia to _ aud dme om.11I1 to 1 ace.

• Equi6bnte lIJIIfCIIlI0min with lKaa:taaitriIe/HPLCp1ide1ll8la'. iqject
eJnp!e,aodbegiDllOmlnJloeargradientto'IKlICIetoiIirIIe/HPLCpde
1IIIIIer.

• ~aewidvit)' iO that 10 iii c::arbc6Ian produ"C' !5QI5~ faD ..
...deIIecdon.....aw.. lID printa'p1oller. SreDne ooiae abouJdbe~. aud c:aabam­
ateI sho..1d elute • shOllil in Figure 401<.

• IfIJlllmi wiD DOl be 1iiedfor'__.,., lCIIIace ...-1I!ONIe pbaae
with melhauoJ BDd pump IbiuuP I, em I5nia aoifInm h)cboidde aud
OPAMEPC reaction IOIudona &om Ibdr ........iGLw. BDd waah 1" I aoilra
aod _.... II Iiibmg with 1II8Ia'. !beD methanoL WbeD itUtiag I)elCID,
c:haoJe mobile pbMe to HPLC gnde 1IIIIIer. aud waah reauaoilra aud
Iii [Ii ..ted tulJiugwith 1IIIIIerbefore acfdiDg.......mn riuIc_

s; ..••.. ..,T..
See C"2iapIr!" 6, HPLC, for' funher iDwll'...... Uout-"IeII'. HPLC z, e_

• Pier.ue mb:ed .al-Iald aoIndou cxm..... ll11!mL e&Idi aLflcpm auI­
foldde, alditaib aullOIue. carldW.... mel c:aabiu,L

• Cbmma'oglaph aoIudoa, uaiagHPLC.,....opaadou deacribed alJoIe..
RelmIiOll dmea will be about 6.5. 8, 20. mel 21 miD, lape<:lhe1y.

,..........1(1184)

......._--

i£CiDJ 401

401-11
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p ,; , .. AI..,'; .. MIrW Val. I

Ref....

tECl ...... 401

AL.7BiN4m£:
DL2 I-I'LC, R.1XH"9 RIDE LE,EC,UV

X--. RoT. (1985)]. CAtu •". 1U.497-510

.d ....m
Residua in metbanol101ulicm lire IepIIlIIed OIl a C8 .Clale pIIMe HPLC ~""'"
UIiDg Ul llI:eIDDilrile/water gndieDt mobI1e JIb-. NlIiunIIJ tLioi_. ......
eIuIiDg from the column lire detec:led and mtA Led by a ftuor_.ce cIetKior.

DIa d_

• Setup and opente Ul HPLC.,.aaa Ia the__ncr _ DLl.hi q t

opaate~ chunher. amhlent tei"jWiatuie.

let cIetKior adladaa and em' 'm ".: L "pat 188and _ am.
..... iiwIy.
iUl'D 08'pmnp'OI'nIaugmflawdlatadd lOdI"m bJchwideandOPA­
MERe racdoD lOIn..... 1'1 mobI1e pilar.

• Pedulln determiDIIilon • in DU.

Ta=....HI. ....1 (111M)---- 401-13
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402: METHOD~ ACIDS AND PHENOLS
BA.9C lEI BLJ«E

Hopper. M.L "IIL (1991)J. AGtC1rIL 71. 70'1-715

tnEF1AL PRN:1PI.ES
Addie lIIId phcDoIic raIdl.. are exbacted from CO'ih'+IJiiI'II, II'!dIfIrd wiIh IlIIfiail:
add byvarioultrehn!qua~the lJpevlCid"n~1he e&baetllc:leaned
up bygt:1 pen!lC"'rion~ (GPC). R.....".. in mn'W'...meaaaet
are~ by ion pair aItJIarion lIIId fiInheI' cIeeged up by HoriIiI mJumn
c:broJnatotEnph. The raulting methyl aten are deleuniu.:d by GLC. Certain
reaicIua cin bedetermined oaIyby eJrmenwelc:aiw: GLCde_a.

APPI.X:ABfI.DY

CoIIIIu1t Guide to PAY 1 for wIditjonal iDfoo:n etIgn peninent to die IIJIIIiUjliilde
appHcat!on ofIIlU1IireIidue metbocIoIogy.
Method II appIiANe to a wide ftI'iety of&tty lIIId JIliN 'til, tioodI;-.I ditlieaeut
eaallClioD..are available for die cllft"awt food~Qemup br Gl'C11_
plaukalwheDaluFDumberofmm,.aarebelngper nned.MelLod_CJIiBindJ
iJ .JNd for cbloihpbmoay acidI, but hal been found "f'I'Ikab'e to a variety of
addle lIIId phenolic rftidqes See T.bIe 4Oh, fuIIowIng medaocI _
patU:O-ies lIIId metabolila raced t1Iroup lhe...oflhil medaocI.

lEI BEaSTAMJAFDS
Vie .ereaence oamdanII of melhJl aten/etbas of8ddI ............... If",Ne
0tbenriIe.UIe.......da ofdle IIdda/phenoll melhflllled danIupClalllld c:lemed
up t1Iroup Clb. PJepare IlIDC:k eoIpdom in-.

SI&S (FTIE METI-aJ

a (po 402-9) Exuacdu4 wiIh I!Re.f melhanol

a (po 402-10) ExuIlClioD wilh .dIRed ..urI
me....nu1

a (po 402-11) Exuauioo wiIh • joBIied melhanol

• (po 402-15) J:'iIIo1ntinn in melh,leoe c:bIoridel
hexane

F:I (po 402-15) Exuauioo wilh lIf'9diMiJ medaJleue
c:bJoride

........ (£)

El (po 402-5)

D (p.402-7)

Exuauioo wilh 80hdIIa from
• irIlf1eo1 dmamn:d prod,,'"•
Exuauioo wilh .......lfIeoI melhJleue
cbIoride

Rrrc wUIe

anhMJ dah,Jliocl-
-._lIIId lH'iDp

fiuIlI. ocher'
than leg lIIId
beuu4a

te& Heoill

O..... lIIId " 1. (C)i )
CI (po 402-1'1) GPC cleanup, melhyIadon.lIIId

F10riIiI co1umD cleanup

-n••'.......'nJ'MJ----
anpodum

If
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Deter I...... (D)

DCl (p.!OMS) GLC,I~ _lhthDonDe mIgmn,
200", EC detec:tor

DGS (p. !IOJ.29) GLC,I~ -dati e!Jmane mIgmn,
200", ElCJ).X

DGf (p. !OMI) GLC,I~methtI e!Jmane column,
200", EJCD.N

RIC MUle

Iwkl .'e'KidlIIDd
pbaiaI.
......ed........
phaioI.
KidlIIIIdf'-""'m.
'Bining DiU.......

figura ....
II Ihud farAlal* ...

"'/3i ,,_

lIIiIh
h1IIDgIoi

arM. ',.
lIIiIh

.Aug&Ii

402-2

VAIIl41DV

1be tOIIowiDI comNn·tign ba wadaJWh' ".pd...... in • *'lie 18IIoraIDIy, -­
maD)' ,an. with rcpeetrd lccoteiiea pedo.mcd ia aJIlim....... with JIDA'. Total
Diet SCudt; lheae are n:cmnme":4ed for-=

U+C1+DCI
VaJidaJion iepwt:

Hopper, M.L. " ..2::!/; AGtC1IIL 71, ~n5. When aJIPtdBa_
0CQIl bent eell the dcaalpdua in 80' ..... (02 .... in lhe HClflJICI: "
111. 1992 pubIkaIion. this aec:don lefIeaa IIlaIIdani opeilIIing procedllre m lhe
TocaI Diet Study.

11
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Hopper. M.L. """ (1992) J. AOAC1IIt 75. 70'1-715

Pal Ith.

RgIn ......
o ••.., ""''''1$111__--....,-----"" - ..

.... _ _ 01 .

.,... .-111I ...

....hm ballIiI "'4 _,
AmIL 8p11an OI' ...... U-
......,...., ' Dear-
pI-. baIIIL 81a1nd ..
...............d1• .,.. .....
v.umm-.~ _
..... p1 tun IIaIiIIIIIII. ,
bD.... tM •
Po'rilIMo E"", '..IRW_=lI.lIt
-....LO"__JJl....,1~ I!'I"'"-.....)

boiJiDg e:bJp., !O-!O mesh carbo­
nmdum

echyI ether. dIIdDed from .....
lIppIftIUI. with N cihaaoI • pre­
-moe. lee SecdoD 2lKtwpenm­
Ide IeSl

-mmoJ.......fromau.p..,.......
methtkue chloride. cId'rd from
....1IJlIl8t-
pecroIc:um ether....... &om aD­
.... iifPII-
egdjgm (or pc'Z • Ii") au...... reo
'Fltple
• odlnm cbIoride aq.- IOIutioD,
I8iIIIai&d
1~ lIUIfiIrIc; ..... I .t--a.._ r-

1+1 (v/v) etbJIether/petJ01eumether
~ (v/v) weth,kue c:bIoriIIe.Ibma

Fat IIIId raidua _ diIIohed in dhyl ether md DeUoIeum etba' .... abe &Ily
productbasbeeD denammlwith au,,"'lIIIdalcohollllldacldiAedwithmJfuril:Kid.
ktber extr IIwalledwith .... quantlda afwala' to ,emote roexo. !'Ie:.

Appu....

Neucfer. high apeed; dl"lIln&puorWaaiDg Dha_,l qt....

cenarlfiJF, npbim-proof, to hoId!lOO mL bouJa

cenlrifUle boaIe.... 500 mL VIe ....1illH* or--rubber IillH*
with aluminum CCliI to iRooid COiIaandli"".

cIelhay lUbe lIppUUUI (Ilp'e 402-b). faIIricIIed in.....,

KualenlaDmlihClCllJlZliinill (&1».
500~ with SaJder c:oIumD, plain
rec:eMag Balk
IqI8iaiDIy fuamel (~). 2!50
mLlllldlL

B ...

DIad...•

'h P ,.....'"11M1...._--
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A....,na-
• WeJP 50 g gn'f"e Into blmdcrJIIr.
• Add 50 mL dIdIed _. 100 mL medw'Ol, 10 mL lOS IlI1&Irk .-s.

lIDd about 2 g IOdium or po' 'um op-
• BIeDd at high ..-cl 2 min lIDd II...... to CleIIIdIiIRe boule wIIb lIId of

powder funnel ltbue blenderjIIr lIDd fuDnel widl 50mL elhyI elba" ad
add to boaJe.

DtIiI1Ajt

• GrInd cheae lIDd Olher IOIid producDbcfcn""WeJP ......._
_ Hili' inlD ceallifiJge boaIe: l:O.tmilt or Olher~ low&It_
1IIOdit)'. 25-liO g cheae or Olher &It CNHIii""lil,.

• Add 100 mL JIWfhanol, 10mL 10')(, IU1furic Kid, lIDd about 2 g ..Ih,., or
po' h.d. onJetr; miL Add 50 mL elhyI eIba'.

"'uH4~ •. '5
• WeJP 25 g suupIe Into c:eIlIlifup boaJe.
• Add 50 mL cIiocIIIed _. 100 mL """01, 10 mL lOS IlI1&Irk .-s.

lIDd about 2 g IOdhll5l or po'wh""c' 7 • miL Add 50 mL elhyI edler.
All

• Sbab ceacrlfiJp boule vipOlllly 1 miD; dacu add 50 mL pe...__
elba'lIDd IIIUe ¥0lIIIy1 miD.

• Cenlrifil&e about 5 min at l!lOO rpm. Ta:<t:fauli tt)"". wIIh
deIiwery lUbe ........ inlD 1 L .,.._ !100810 mL....
1lO mL I8IIIJ1IIIifIOdium cbloride IOIudoa, lIDd 10 10')(, IlI1&Irk Kid.

• Re<waet..-. reIidue In Clellallifu&e boule twice, ...... vJa • .......,
1 min widl 50 mL (1+1) elhyI eIba'/peIlule_ edIe£. A6eI' ach e&'tIa­
doD, ceatrif'ug1: lIDd Il'ldII£er IOhent ..,. inlD _ 1 L *1**_.

• Mk mmhined au... lIDd _In ieJMi-lboroaPI1 bat •eMk""
to pnteDt enzqWon furugtjon. DnlIn lIDd dilcud .-er.

·=:;·:~==I::.=e~:~=.-:
doD each time. Ifemu fOrm. add w1djdcma15 mi. _MEtd ...Ihll"
c:hIoride auIutIoIIto .....

• A6eI' fIuI ...... diIauded, II...... eIba"""lII 250 mL Let
ItaDd~miD. DnlIn lIDd diIcanl-r_lIDd enzqWon rnm _.

· Taa&lllfes: edIe£ to &D widl plain rec:eivllJlfll8, add ..... c:IdpI. ad
evapon:te dw:nt.

• Cool, add 50mL methykac: cbIoride to au.... fiIt, lIDdmiLAddIIcA!t
chip lIDd etapOW__ IlaIIl .... UDlilIegelIn ra:ehq fIIIk does _
c:bmp: lIDd then:.1lIIl methykac: c:bIorIde In Su)CIer mIngm tnIpL Cool.

• Ute 1iJIIIiM'h".1p £It CXIIlteDt of ClW",_Ih,•• IiIled In SeaL.. 101. to
detlEunine what cI!Jqdon • n:quired to ....I lle'I.Me5"~
&t/mL QPlmdladgely II..... &It fium receiviu& fIIIk to
(gos) gndua'r ofappiopJate ~Iume.U-e 50')(, medJjleoe /heIt­
ane for riDIiDg duriDg Il'ldII£er lUld theu dllure IObJtion to preck1ami"«'d
1!Olume with that IOhent "I;Ilme.



• TraDl£a dquot rl:!!OIutloo to tared--t evapocaIe tochr--"""
bdl tempenbD'e UDder current ofdry m. Weip lIIId record weipt of
fiIt eldnCted. If nee '7' ..........hdng riJdoa wIume 10 tbIIl
IOlut!oo aJIIlajna Sl1.l6 g &l/mL.

• aem up eatlat by Cl; equivaleDt weight rl:wboIe product cIee'wt up
is:

TI. """"JIMJ---......

l£CILN 402
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Pal cIpIe
Raidua are eauKll>Cl &om fruilIlIIlCI ..oNes 1Iltll ...../_ c:bIaride IIftIlr
acidffiearion.

ApjMa....

blender. high apeed;~WariDg........ 1 qtjar

cencrtfil&e. apbion-prou( to hoId!500 mL boItIa

cencrtfil&e boIde...... 500 mL Ute .... 1IGfIIler 01' _ JUbber _'I¥'I"
with aluminum roDto auld coatpmlg-don

dcIhay tube IIpp8I'8IUI. _1Ipre 40h in D; ............with ......t tube
inlet (rather dIaD tkhape) iI pu:fi51'ec1

pwtue,M qoIiDder (gtw'"e'e).1!10mL

Kudema-DaDiIh COUC"'Jra!OI" (&I». !500 mL, with SaJder ex""'Pi. 10 mL
gradneted receiviug fI8Ik

IeJI8I"llIOlY fimneI (1eJI8IlIIIIII'). 250 mL

R •
boiling chip.~mem cullo..",dgm

....wooLP,ra
haane. cfisdJIed &om..............atuI

meJhJeae c:bIoride, ctiodIIecI &om.n.p. ............
10'J0 IUIfiJric add, rag ut pade

DR c4.

FOI' adt buch of mnp'es IIIWJ'aed. fOnIfy 0"'''":with cbIca...._ ·If KId
healJicilLe(s) lIIlCI peutachhllopbeuolllllCl ..w,ae It othen to 1IllIitY811eqaa:y
oCrec'ia_

• Weigh 100 I sunp!e (chopped fruilI OI'~bIeI ocherthan"- 01'
bcia..s) Into bIrnder jU'. Add 10 mL 0'J0 suIfiDtc KId -r1!50 mL
metllJC:ue chloride.

• BIeDd! min lit high IIpeCld lIIlCI JIClUI" Into tdltilliip boaIe with aid of
JIOiIda" funnel.

• Q!olllliip 5 min lit 1!500 tpn. TlU!ilfa lop (....) a.,er. with cIeI_,
IUbc IIpp8I'8IUI. into 1L 8eJIlII-. thai cIiKanI.

• QnfuIIy decult methJeae c:hIodde 0eavinI cab in coeadI~boIde)
~ fimneI coulaiDlnlr llOO1 .. into ....... SlUd
~ DUD. Dndn and dIsc:anfmy mil eiimWan &om8eJIlII-.

• '1'nInlIfeI" metllJeae c:hIodde toIflId-and.-d....""..
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• Tnmafea m I ned wIume IX -lhfIeae cbIoricIe to &D wiIb 10 mL
receiviDg fI8U. Add boIIiDlrchip 8Dd ('C""C"'mIe to S JIlL OIl __ hath.
DiIule elIttlICt to 10 JIlL wiih hexaae mel miL

• CIeu up elIttlICt by Cl; eqaivaIeutwdpt IXproduclc;leened up II:
mL mc:thfIo:- cbIorideI_eel mL '-led _ GI'C

lOll 'x !!lO mL x ---I-O-mL---



p . • Ie AnIIIJIic8I MIIUII YaI. I SEC1011 402

Hopper. M.L "tIl. (19ft)J. AQlC1fIL 75. 70'1-'715

Pd .,..

Residua ue exncted fi'om Ieg_ wkh metbanolllfter ....4'R. -tim ad ...
lioDed mID medlyIene c:bJoride.

Appu....

bJcDder. bip Ipeed; eap!oei9I>-pcd'Warinr BIendm. 1 qtjlll'

a:n~e¥1~10 hold 500 mL boakI
a:nlrifuge botde, ... 500 mL Ule .... 1IOppeI' CII' __ ruhber'-...­
wkh aluminum fbillD avoid coataminarJon.

phmted qIIDder <tvw"'ete). 100 md 11IO mL

Kudema-DaDiIb mnamnlOr (&I». 500 mL, wkh Su)der «»'''''.'. 10 mL
p"lded rec:ehiu« fI8It

tepaJlIIOlJ fiumel (..........).1 L

P , d

boiJlng chipI, 20-!0 mall CIII'bonmdum

p.-tPyla
bnane. cfiodDed fi'om lIJIII8nbII
med!aDol, cfiodDed &om ....--

medlyIene c:bloride, diItiDed from aJl.PDlIJlPII8IUI
lIOdium d!Ioride ..-.....lIO!utlm. atumted

IK.1IIIfuric acid, r gcut JlWIe

FOI' elida~ of_mph uaIyzed. funIfy aMDmod!ty with c:hIui t add
heallidde(a) md pen...hlorophcnol mel maJpe It wida odaen ID wdf; .,
ofrewvuieL

• WeiP 100 I chewed Jea- veaetabIe inIO bJmIdcI' jIII'. Add 10 mL
I~IIIIfuric add 8Dd 100 mL meaw.oL

• BICLd mhdwe in JYrderjill' 1 miD at bIgb Ipeed mel pour inIO c:emri­
fuge boIde with 8Id ofpoMIer funnel

• CeuIrifiIge 5 miD at 1500 rpm md e:are6JIly pour lllIp .,. duoap
fiumel mntaiDiDR.. woo[ plug inlD 11IO mL phmte M Wll _
ume l'KOided il'd!50 mL 01' lUI: 11IO ml-

• Puar = 23ed eauau inIO 1 L tepaJaIOI' mel ... 100 mL .....1h,1cw:
c:bIoride. ShaIre IepU1IIOI' 50 ICC, then ... 50 mL atumted ..-n"",
c:bIoride IQ!utlon, 10 mL IK. aaJfiJric acid, mel6!lO mL....

• ShaIre 50 lee mel .now emnhkm 10 IIetde~ miD. DnIn mel ...d
my _ aDd emuIaicm &om Iep8I3IOr.

Tee ..........111114I---..,. 402 9
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• (If enmlo!m doa DOt bnU, dniD enmJo!on iDto CleIlIdIiIp boule __
centrifuge at 1500 rpm 5 mID. SlphOll oil __ d Wata' Ja,er. Pour
methyleue c:hIoride duoup fimneI nlI!t!!!niDg -''2..iDto 2!10
mL~. Let lIllUId~ miD to _ CIQIDPIete ... of any
remaining waIa'. DniD mel diIcaad..,__enm10jm fiuID ....
101'.)

• Tr8DIfer mechyIene cbIoride .. to 100 mL 118'" Ie __ RClOId __
ume.

• TJau4ea m IIwed filIuwe of medItIme chloride to &D wIrb 10 mL
reccMua fIIIk. Add boiJIDa cmp.mcl_.... eauaet CIIl _ ...
to about 5 mL Dilute 10 10 mL wiIb bame __ miL

• CIeua up eauaet by Cl; eqalvUmt weipt ofJqjwras cIee wei up II:

100gx x
lIOO +10 + (100 g x" Hi"-ule)

mL methjleoe cbIaridc I__hid mL k-.Ied CIIlto GPC--.......;-------x100mL IOmL

AL7ERNA7M::
E4 EXTRACTUtI 'MTH AI:' H::DWA~

PiIF_ape

WlI!eI'/metbImo1 ieplatei meduuloI foe exuadoa. fiuID ..... __~ ...
ducts 10 .0.........00·.. their Iow.raai"c.Ad........ .-

!O'l> (v/v) _/melbmol
DiI -._

• Weip5O.pOUDd"'GI'~productiDto~jar.Add IOmLIOll'
IlIHUricaQiImel 540 mL!O'l> _/meduuloI

• CCIIldnuc. iD 85. "BIeDd milawe iD ........jar2 mID. ••-

• Equhalentwdcht of.....GI'~ pmcIaaI cIe·....... up II:

IIiO mL mL methtJwe cbIoride_eel mL k-.Ied CIIlIO GPC
50gx x x

MOmL+ 10mL lOOmL 10mL

11 , .... a11t11M1----
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Pal Ip'

AJ+a "N
Nender. high IpeelI; ezp!oI!nn-pccdWariDg JIIaIdor. I qtju'

ccntritilp. ezphinn-pIoa( 110 hold 500mLIJoHIes

ccnttifiJ&e boule. JEJ-. 500 mL Ule "1&OflIlCr or __ mbbr:r ..'WU
with aluminum fuillIo avoid ooatwnlnedoo

pnaled CJIInder (pduIe). 250 mL

JWdema.DaDiIb COIICCIl1nllol' (K.D). 500 mL, wIda Sujder 001"'11II 10 mL
grwtn·tcd receMugo.t
IeJIU8lIoIYfmmeI (......-).250 mLand 2 L., ...
boiJingchJpl,~__ caaboimwhun

..wool, PJres
medumoI, dhn1Jrd fiom ........ ....,.._

methylene c:hIoride. diodIIed fiom.n.p. appuaIUI

IOdiwu c:hIoride~ IOIIltioD.18lUIalIed

10'JhuJfilliucid. r ptpade

DJaectL

For each betdl oE eampIre maIJ-I, tanilY~wIda cbIuo' ·o., add
hedJic:ide(a) and peu.............ptcnoJ and IIIWpe it ochen 110 wrHy r'wy
oE recnRIiea.

• Weigh 50 g aupr or hi&b IIIpI" t*(i+ ~ II fbod iIdo Naoda'ju'. Add 10
mL low, auIfuric: lIdd, 100 mL_. and 200 mL methmol

• BIeod 2 miD at hiP IpeCd. Pour ml"",,, thnIuP powder fnnnrI aJD­
WningP.wool plug milo 2 L 1ep8I".

• Add 250 mL mechyIaK c:bIoride and IhUe !lO -=- Add 700 mL _.
10 mL 10'1. auIfuric: lIdd, and 55 mL lIIIInIeCI ....hnn c:hIoride aoIndoo
Shah......-I miD and let emnJoIon aeale.

• Drain pma!nJug em'llo!on and melhylaK c:hIoride iIdo 500 mL c:eaIri­
tuge boaIe and c:en1rilUF 5 miD at 1500 rpm. SIpk.,.. off and .....d-...

• Pour methylene c:bIoride a,er tIIrouIh fmmeJ mptwlnlng .. wool
plug milo t50 mL ......-. Let IlaDd~ miD 110 - <00JFkte
aeparaIion of any mnainmg _. Drain and diIcanl any _ and
emuIo!on fiom......-.

«1L11
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• TraIuCer methylene cbIodde Jarer to 1!50 mL pwIuaIe ..... 1eClOld1'01""*
• 1\...... D en !D:ed wIume ofDWdljkne cbJoride to &n fiaed widllO mL

JeU:i¥IDg fIaIk. Add boiIiDg c:hbJI md CICIIICleIIIral eabaet CIII DlaIDl beth 10
about IS mL. DIlute to 10 mLwfth "en.... mel mb:.

• aeao up eabaaby Cl; equiwIleDtweIPtofpodutt d Md. In:

mLmethjleue c:hkldde i_ell mLlaeded--.Gl'C
50gx 250mL x 10mL
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llefeaew:e

Hopper. ILL "tIl. (1992)J A04C1111. 71. 707·715... ....,...
No 8dUal atnICIion ofJ'C'lld.."I II doDe fonegefllh1e oiII; IN' rf, the,are cIiIoohed
In lIOhalt for IlUblequcnt demup on GPC.

R g 4

hexane. diIdIIed fiom.n.p. ......_
melbyleoe c:bloride. diIdJIed fiom.n.p. .......
5O'.'i (V/V) metbyIeue chloride/heuoe

For eKb barch of ounp!ea~ tbrtIfy ""'PN'dIly widl c:bIoi',"--Y add
hahkide(.) and penlaChloropbeno1 and ...,. it with odlen to -.eriIf IIIIeq.-.y
ofUCAHeiiel.

• Weigh 16 g pure vegetable 011 Into 100 mL~ .... DiIuIe to
10Iumewith 5O'.'i metbyIeDe chloride/heuoe (0.16I1mL).

• Cam up 011 aoludoa by Cl; equivalent weIpt .l*oWctd ...... up II:

161
-~ xmLLwIrd_GPC
loomL

«m-13
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llefeaeace

Hopper. M.L. ., til. (19ft)J. AQ4C1IIt. 75, 707-715

.... ririe
Raidua in warer are anaaed with lDlltbyIene c:b1oride lifter~

Apjw....
JWderna.DaDiIh CODCeIIlIaIIDI" (&I). !lOO mL, with SnJder' coh"DD. two-bd
miao SnJder c:olumD, 10 mL pdualecI receivinga.t
separatOIy6DllleJ (......). I L

H! I
acetone. cfidIrd&om.up lIJlIIGUUI
mediyleue ch1oride, dlodIIed&om aJ1.P app8nIUI

IK> IUIfuric: Kid, xgttpde

DJa.,L

• Weip!lOOgwarer.llao4et 10 I LKpUUOI'.Add 10mL IK>llIlfilriClldd
aDd 60 mL methyIeae c:b1oride. ShMe vfIuruuIIJ' I mID.

• Allow Jar- 10~ aDd cIIlIin medi,leue c:hIaride .. iIIlO &D
with 10 mL recei¥iug o.t. Repeat anacdou with two 60 mL pcatloa6
~ c:bJoride. Combine anan.....

• Add boiling c:biPI aDd-.-_ 10 IICIII' ch" _ OIl IlaIIl~ Add 50
mL acetone aod-,-_10about 5 mI-

• No GPC daaup II 1M '1' ProceecIIO metta,Iadoa. CIb. l.DdI'e .....
doD (lhaefwe. entire wdgbt oforipuI procIuct) illbdtajbded.

To. , , MIMI---.... 402-15
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C1 GPC a.EAf!Lf'. ftlEn-MATOJ. A/lIJ R.CASJ:. a:J.lNN aEIW.P
C1s GPC aEAMP

Hopper. M.L. (l98Z) J. Apr:. Fool CInL II, 1038-100

"ie_lr'P?

Qrauacdws in the eaaau III'e Iep8DIecl &om If'IkInee ... GPC~-::.....­
esduIiOll; IIqermoJec:uIeI (filii, *) elute fintaocIlII'e dilcaaded. e:am..
lion of the GPc c:oJumn cticta.... the opdmum_t of~ to dilcaad in order
to~_JaraemoJrcu!ec:u-extlaai_UIdrewta.lIIIIdlraidue.poM!Ne

Once c:aIibrated. the c:oJumn can be.-I nopeetrdIy.

Appw'-
fikradoD device for ""udcmt, 10 mL IYJtaae wIIh~ lip. fiaed wIIh
either (a) 15 DUD "law da SIriDay alaIeia 1IlleI_hoIdei aocI IS mm
diameter fDten, 5.0 Jim LStype. or (b) dilpmaw..~ fIIla'I, 15mm
diameIa". 5 pm Telloo membIme, aKl_1n poIyproprIeoc. (Pre I "bird
devices that do Dot n:qDhe a .,.. lIIe a!Io·aviLhIe.)

GPC IIJIII8I'8IIII; an-.w' lllI'"ipmeDt OPC;O-'III1Jut recn"mEen:led GPC
appaa_1IIUIt iDdude:

1) Rmp!e inaodoJdion vahoe
!) JIlIIIIP> low pi lie, IAd"'bJe for _lIitb CIIpnk: __II, capebJe of5

mLlmiDfiow

5) RIPple Joediqg loop, 1/1ft' Telloo IIIbiDr cdIecI In ';rIUddCa1 fbrm,
about IS mL C'lf*ily

4) puIIe dampener. about 6' of Itr cc.wer IIIbiDr mIIaI aocI c:bala mae
ead. iDIaIIled beaueen pump aocI~ introducdon whit wida • CIID­
DecciDg ll:e. 1'uJIe dampener II DOIIJ,wheD pump II DOtpdv'_

~ cnJnnm..... 25mm ill x !GOor500 DUD with CIIpIIica-tpIong

GPC.,.. 10 mL .,.tnge with LueN..ok tip, with MJDtpcwe 8Io1wi' ......
Jeii iIee1 .....«r. MJDtpcwe 5.0 pm LStype _

KudenJa..DIIIlI o"'Ce"natDI' (&1»,500 mL, with Sajder cx.I,",,"', liiVIJeI
micro Su,eIer cohmm 5 aocI 10 mL """"'.....uk or pw'''MM n:a:i1iDg
fIaab

• g
• Buda SX.s ream. 2OO-tCIO meab (BM Itad Ubontoriea, Ric:h...... CAe
pie-.ed raID IIlI¥lIiIabIe &om ABC I..abonrmla)

haaDe, dJadDed &om....... appaa....
welhytew cbIodde, dJadDed &om appaa_
eluant: 1+1 (v/v) iiidhyleue c:bIoride/bemme

T_No. ..... 111••)---- 402-17

"



SECiOJ 402

402-18

P 5 Ok" .; , wi ...... \IlIl1

PJ.....idIuu of GPC CCC"'Ib"_

• Weigh 55 g Bl&BelwSX-a inlO toomL beaIr.a'.

• Add ISO mL 5K. methylcDe cblorideJhrnne
• SdrbellCbwithg'-0I'1lI:eIrod undlaD bellCblunelES JIed........._DO

10DFrjX Il:JIc.

• PouraIuny inlO GI'C rohmm with..0I11i1l1ur rod.

• Hold cohmm in UIlrilIbt pullekJD with pIuaaer dabJmed ...... IS JDJD
from boaom end olui8ble IeDgdl 01c:ohimD,lpOODg duaded eudL

•~~ror:n=-..:.e~ belIdI .-r boo c(+' ely·~~= in cohmm lifter belIdIlune KaIo:d liquid ...

·=:: f:Kh~1111equII dioI n fromiJI ........ 1he cad UDIiI bed.......100_
• Conncc:t mInmn 10 GI'C IOhmt cIe&fay " "'ii, ad pump wi it from

boaom 10 lOp 01cohmm und1 aD lIir IIape!W

• AcIIIIt Bow aaIC 01"""10 5 mLlmiDad c:bedt 0'4111i0 jX we. A4-t
opaating pi ..darcohmm 10 8-U ....by IDOfin&pg (.).

• AIJowGI'C.,.rem lOequlIIbnae by)l"lHiqdll(lOhent tbroaP It.

• Re Illlfi\IItBow aaIC 10 5 mLlmiD ifit ... cbnged.

CAIIIndae ofGPC-CCi"._
Ati II '!fFtll

• Meltbuaerad decantbuaediJt IIIId IOIIdIcbrauP fIuIed 811a'.......1JlJo
.,baNe OOII-Iner: do DOl iDdude _ ... Heat fimDeI if_ ., to
fadlitate fU1radoD.

• Weigh'g-.m, fibered buuediJt inlO 15 mL........ue; cIIImr: 10 IS mL
with~medl)leDec:blorlde/he:l:lllinDdltiJtil;Hwlhed(o.I6ItiJt1
mL).

• FDla'tiJtlOlutioa titnJulhfllaradoade9iceadlalld5mL_Gl'C""" 10

• Elute with 50'1. medljleJw chJortcIe/llrnne.
• CoJ1rct cohmm efIIneut in tared beaIren in 10 mL inualen- from 0 10

lOOID1..

• EI'¥OlC wIJalt &om f:Kh beaIr.a'. cool. ad.... to&' _ -UM
oItiJt e1uIed in f:Kh 10 mL inaenent, (For __ GPC. coIB:t 10 mL==:.:c:gr-md IiaDIfer to wed beakcn fur c ..-

• 95~ 01 itt""'d elute in 8nt 60 ID1.. If>5~ 0I61t ..,.-n in &Or'" mL
ftacdon 01' J.teI'. n;jcc:t cohmm IIIId jXepae _ «me by ",,_. ilC with
oJiBinal balch oIbel1d1. \IiIul cvaJnelioD oIyd1ow bud 0I61t. it.-.
tbrougb mInmn~__ taDIur or -kine when cohmm II iDIId­
equate. UIC Dew t.rch oIbe11Cb if ICCClDd mhlDlD 11II1II in.......wr
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• Prepare miucI """"en! riJtIon conlaiDlDg 1.2 III edrioaImI.. G.4 III
diaziaOD/mI.. 0.4 !if heptacb}«....../mL. 0.2111 diduim/mI.. mel
0.6111 diddrinlmL m _ mett.yICne cbloridefheune,

• Place 5 mL aIIquot......md riJtIon in &D wiIh 10 mL nxei.........
add 50 mL heane ad 2-S bolJlng chip; 001. enlrllb: liD 10 mL 1biI
removlCl IIldhyIene c:hloride prior 10 cIeIermiJJaIhe Illep.

• FUter miRd MuMhrd IOhJdoa throush 6ltndcm device aDd ... 5 mL
ODliD G1'C c:oIuDm.

• Elute wiIh sow. mecbfIwe chIoridc/heane.
• Collect 10mLh1lool&omOthr'oup 160mL.

• =:~"===:,?:;~'::f..8MtaDd"'50mL
• CaImIate _its by compa'iIoD liD mUed ......ard IOhJdm dUll ...

aIIoUllCieqoDeCOlKelltnlioD1010mL. Ulecleteawiwdhe-..001 aDd
DG!.

• Column iI nOlllllllIfdiuinClll adeddoa IIIIIt liD eInre In eiIher lIOo6O mL
or60-70 mL ftacdon. ad didonD IlllltlliD eInre In ~IOOmL hrtIoo

• IkuimmewhllnoJamelhouldbedilauded Ce:60mL)aDdwllat
IhouId be collected C-ny 60-160 mL fracdon} -1Dlns ,. aDd
miRd IllIDdard eJadm pro8Jea~ abme. these c:aIIhnIed
fiacdon voiDmeI in~caIIhndOD-..aDd in ........ deanup.

Ddm '!fI' ebft-AI
• Weip 1.6gWllllll,8JlI:redbuaafatlnliDllIIed 10 mL,.lP*" lI!· ....5

mL miRd ..ndanI riJtIon &om peIIIdde eJadoD ... ---. cIDaIe
liD 90Iume wiIh sow. Dldbylene ch1odde/h_e. lIIId miK UDdl fat iI
diwuhed.

• FUter fOadfied fat IOhJdm throush 6Itradoo device aDd ...5 mL CIIlliO
GPCco1nmn

• Elute wiIh 160mL sow. wethtkae ch1odde/hr.......

• DlKanl and coIIrct l&pei dee ¥&11ii 'MS de!amiDed-laccall1aadau.

• n ......ea collected ftacdon liD &D wiIh 10 mL receillac8Mtlllld.... n
Ci1Ife • In peat'.riIJe ...... tell!.

• Cakuh'"_lea. In pelIIk:;.Ie elu'kID tell!.

• FOI' nOlllllll mhmm.~ dJazbvm, puarJrion, and ethiao, and l!95" of
orpnoc:hloriDe peIIiddeI are _ed.

fi'rtirll tfa..·;iW
• Pr.....e mind ........·d riudoa of o.I ~T/mL and o.os III

prD"'Ch=moVmL In 50S methyk:iie /ha-r by cIiIudDg
aceliDDe I01udCIIlL

• Lo8d 5 mL CIIlliD GI'C 001111'.0 and eInre wiIh 160 mL 50S wethJluw:
c:hIoride/heane.

• DlKanl and coDect aeapei dee w1umeI decienDined ahote.

SECIDI 402

«l2-19
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• 1'nwI£a c:oIIected fnII:tion to &D with 5 mL rcceiviug fIIIt.

• Add M boIJlngchip and OOiKcnU1lle.

• Cool, add 50 mL _lIIId frah boIJlng chip, lIIId 1"00-C"tnIle to
about5mL

• Cool ooJudnn and methyIaIe. ia Clb.
• Oemupu:ethylMlledlOludoa OIlFIoriIII. iaCle lIIId__ to 5 mL

• Calmhte_tofherbicidcia~~cktet"d .'he
Rep 001 IIIId u:{aeu.::e ItaDdIldl of pm mtdJJI ether
aua 2,4,5-T methyl aIeI'. c:::omat _t of c:hemjep1o to
amount of CGiJelflC'lldlng acidlpbeDoJ by IIIIIIdpIyiDg leIfAii 'he __
by 0.95,~.. JlIIio of mole,."w weigh" ofKid/~ to
methyIIded for boIb 2,4,5-T lIIId Jl""W"l'COJlbeDoI (2!55.49/
269.521111d266.55/28O..57, lapel dtdy). 0dmJateperc:enlaF~ oendby
(,....oiug CGii_1edva1uelI to _ added (0.5 J112,4,5-Tand 0.25 JI8
pmlllcbloropbeuuo).

• Gel mIuuum isiKUJl1llble If~ ofadded 2,4,5-TlIIIdpemwb......moiI
are n:ctHeied.

• Uue GPC mbllDn prepmed lIIId caIibnII:d. ckaaibed.ax-.W,'''. em.
bewallep IoflJ.

• CeDlI'ifuae doudy 101udCIIla of exaat &am EI-E6 beIioIe ..... daem
CIIlIO G1'C. FIlter aD I01udoDI rJuoouP fiIIndCIIl de¥kebeIioIe Gl'C.

· :=~==~oar:,="""ia!5:;~:Z
loop. Uleoriginal.mp!e~t,.uq-~UJriusexa cd WO, dOIlM:
of&at exa.... lIIId Ioed!ngloop _ to cakuJate .........1beIJIIlcwW.

• IftarptedBmit ofqumtltat!on is lower thaD am be xb! led with dIII_
aliquOt, bd addido-J .uq- of exaat ia ...._ !5 mL loop ....
mmNne concentnred elg.., tr.. ach.oerGPC clew"....

• EIu1e mb_ with 160 mL 5OfJ' _do,....... c:blaride/h Mi. m.e.d..
1IIDe I*erlouily cdhnaed IIIId coDect Ie"."..... In beUeI' GI' Ilpal1ldl _e.
TnwuiIi:i c:oIIected cIuaIe to &D 8aed with 10 mL ului....... ltiJIIe
cnllecdoa~with IW1IeIlII mL aoeliDlle lIIId add to ClllKeui~.

• Add M boIJlng chips and coaceDIntie to abaut 5 mL Cool. ..... 10 mL
_lIIId fi1:8h 60mng cbIpI, and ree'.Ken_ to abaut 1 mL tIle
JDicro.SuIydcr cn1gmg to radl tiDal~ if DC [ it. MedlJ.....
cleaned up exaatby JIIoc:edwe ia Clb.

11: n ' .... DtItJM---..,.
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PdEN Ii' T

Adds IIDd phenols in deuled up eztrKt solution are kvdPed by m aIbJi
(tetnIbuIyIammcm h,mudde) and methylated whh mem,tlodide co their Ie­
..--CIU:I1I and ethen.

Appal'"
graduated qIinder (pl"w). 10mI..,..
mk:roIitel" ifliugu: 25. 110. CII' 100pI.., for widing r & 'lw

_ bdl. apbIe of-mtwining4O" C

P g
acetDDe, cfiatIlIed from .......

henne. cfiat>1Jed from ......-

mem,t iodide. cadfied pade

tettaboLylammonium h,modde (TIWI) daaDI, 1.0M iD metbmoI
C-ee,L

Noce die foIIowiag c:audma that ....be al_hed dwiua medlflMiou:

Uee 1Ilill _dWed hood and proteahe gkMa when Idding r & .. filr
methyIadoD.

=.=.:::ac:~~;:....m:=e=!;~u:==
Badon in abotoe RCOiCij tala. Can up~ .......... OIl PIoriaII
cohnnn

Dewmlue lWi" __' - ofwedajladiuabyC'8~r­
d8nIa of chloropIIeomy add IDdhjI CIU:I1I and:= methyl
edIer (u., DOt e&leII/edier pented by dIIa medI,Iadon arep). methr
IadoD readion appeiUi iDmmpIete by teat. pea-e fiah mIDd.· nlad
iCJIudun ofKida and pcnllll:hloropheno (tbeae aoJudona lIaR beeD bmd
il.iiCt:pdhIe CO cIepddoa).

Methjlale fiah mIDd ""DdmImd old mIDd....AI. md clam up bodt
by FIoriail cbro.....hognpby. Deteamlue dqpee of medltfaidoo iD bodt old
and DeW aauvtuda • above.

TheCiOlllplliaoD behi elldepeeaof~wiD !ndicatewhecbcr""
lem ia.,...., by .......... CII' by _ *Po Ifbr lei> cula are DOt
rep 'ed whh DeW &'mdanfa, poblem am be I • IIIM CO be widl old iJ:m.
dlerda. If.ecmuies ofold md new •••-I••eIa De boda JIOOI' (u., ooe' "Ily
<~or>I~).wedajIadiua..ia lit fimJt.

PIC_nee of_1DIl)'PCiCDl mmpIete methJIadOD.

'D••,....NIL IM-' (1/IMJ_Rlll.__



2--6CI$ mediJleoe c:bIoride/O.M'5 -c"w4trQe/4US'5 IIa­
me (././v).1'Ipet S.5 mL lICeUIIIkrtIe Into 500 mL mediJleoe
cbloride ad di1uIe wi. bnne. Allow mhawe to rach.­
tempeJ'lIDIre ad...III 1 L with bnne

RariIII a.edt

For each balrh ofFIoriIiJ. ftrifY tbat weipt raJeu1awd from LA1IIIae II onItwbIe by
thillCIt.

• PIKe aetivatI:d FIoriIil (weildat w 110/lA wIue )( 4 a> In chuw,.""
graphic mJlIJnn; add about f em IOdium IlI!ljore

• Add 5 mL mbed IW1dIInlI01wicm of 0.1 III !,~T ....1hJI ~/mL,
0.05 III peDtICblorophCllJl meIhJI ether/mL. aud 0.2 III pidcnm -­
tbyI au:r/mL

• E1ale. dhected below. ('NM"eHitnlle e1getre to 1\ mL, aud ha"d,__ by
001.

• OolmJere rewvuiel by CXlIIIJlIIriIoD to orf&IDaI miIed .'MIM,d iUludua.

• E1ure cohmm further with about 1110 mL ethyl ether ad collect In 10
mL frw1i"n8

• Concelltl'll'C' each fracdoo to 5 mL, aud e""'1ne ach by 001.
• Determine 90Iume of ethyl ether neded to dare picIanm mediJi~

from cohmm and reconI for' ach buch ofP10dIIL
• PealaCbloropbenylmetbJI ether Ihould eIure In eIaaIe 1;!,~TmedJyI

__ (mel uIelbyl -. of other chloIOI'Nnha.,KidI) IbouId eIure In
eIua'C' 2- PIdoram metbJI CI'C'r IhcNJId eIDre about 100 mL edlyI
ether.

• If 'CIt cbemjcale do DOt e1ure • hll«led, ..8IfiUIted~ ofllodlD
(1imiJar to tall deIcribed In Sccdoa lOt) (II" .. dIlfeaent buch of
I10riIiL

• Add lIPIIIUIlriare 'WIeiabt of JIodIII (cleleimined above) to 10 iDID ill x
!lOO miD column; adOabout I em ...u._IlI!ljore.

• Pte h mhunn with 15 mL heane. Do DOt dow cMiiliHl to • to
dryn-

• PIKe &D fit'C'd with appOJA- recei.m, s.k 1IDIIa'cuIuam.
• QpmdtiMbely t1Mb1fi:r ....daybd:ed auact from Clb to coillmn RiMe

Balkwith beane mel add to column. Eldraetaud rinIe 90IuDwe 1101 !her
IbouId be Sl5 mL

• WIth IIOpCOcl COIDJl'I-I1 open, eIDre ClOl.- with !5 mL eIamt 1.

• CImp &-Ill and da'C' mhunn with 60 mL eluant 2-
• To -IJ'Ie for' pdooam, chm&e &Ill aud eIDre c:oJnmn with appopd..

ate 90Iume ofethyl ether deta"dned above.

• Add boI!!ng chJp to &IlIlIIlCI CXlll(WltI'lI'C' ach eI1tiMe to onItwbIe cleft.
Dire 1IOIume. What lIOhmwe <5 mL II neeiled, _ tifOoIId micn;&atder
ormicro-V~cohnnn during ewporation.

•••'.........."11841----

::EC.Oi 4CE
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• Add 50 mL hcanc to x.o CIlII!'IlIinIng m- ! ...~_ to
remove fiDallJ'8aS of 1ICIetODitriJe. Add 50 mL benne 110 x.o ClOIIMinlng
eIbyI elber e1uIde ... recoocea_.

11
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lEEBW\I4TrW
DetermineiJidhttaled reliduel inClOIIClr:I1IratIOIudoa fluBCI wldadetErwinalhe
ItepI 001, oos. aad DGf (tee Seaioa !Of).

CbIoriDared reojc!ws are determlDed1IIing001 01' DOS; J""!!!kIun oon"lng~
sen may be determined1IIingDG4.

InjectwIume ofoonc:enll'8led euract eqaha1eDt to dacmJIowIDg-....., t.ed_
wIlole prou'uct:

Ad..cr~$ fiIt Ill.. rfr dO$ /til
s:5mg SlOmg

SlOmg stOmg

SlOmg stOmg

aJ\tCR\C4TrW
ConfIrm lIerdMiweJ¥ identified reojc!ws _diug to~ '"" I d in
Seaioa 105. Review PFSTDATA (AppeMiY 1) to fiDd ~ WflII'icebie to
raidue;_OD ocberij*'·.. if....Ne,

.. au .... NIL ...111JIMJFtnnfIM_..,.
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403: METHOD FOR PHENVLUREA HERBICIDES
B4.CE lEi BEI'XE

Ql\ER4L PRNFI.ES
PheDyIurea herbiddo: 1'ftkI!"" ve utlao:ted with medwIoL The uti.... II c:Iamed
up by panitloning and wlumo c:bmmatqpaphy 011 a F10dIII ~"iilil Rreid"", ve
seleahdy detenDined with aa HPLC lIJ'IIfCID~ a "'UK JIb- (ItP)
column, poIt<Ohmm photodc:81whtlon and, and~ 0( die
relIU11l1Dt deri9athe by f1uoI KelKe detectioD.

APPU::ABIJTY
CouIuJt GuIde 10 PAM I for edd!dnMI iuCClfD ....... penloeDt 10 die ........_
app!katlon ofJDUkin:Iidue metIaocIoJosr.
Method II~ 10 J"kIt"" 0( pLenylwea IaetNcJtko iD NdPtty toodL See
TlIbIe 4OSo8, mrthod d...dpd.....for~IeIlied du.... dIe .ne«bod

LimilII 0( detieaIuIIand ~111"1uIlfor ..clIld CO M".... ve aIIo ........W iD
Table (()!I.e; mrthod is apt""'" 10 ddaml" 0( at IeaIt 14 pbeu)lwea
herbk:kla at CUDceuUatiuDs 0(0.05, OoS,and 1.0 ppm iD 14 .......r..,lJ food prud­
UCIL

ISBsaSTAMJAID
Ptepre IItuc:k _ (1 mg/mL) 0( ada ...."'Il iD HPLC pade ..........,.
.knhuI Com COlJIIiIde ..........11 oflltuc:k .. gild woIuticina and blbn_beI"
dilute with (1+1) aee-iiriIe/HPLC grade W8IU' for 1iOiIkiDa .......... u.e ......
dlInIa at c:oncenuatlon 0( US Jlg/mt: for HPLC cletmmiDatIon. Keep IItuc:k lOla­
doni adiiguated prior 10 _and paepme 1iOiIkiDg......."i'dI week1J'.

SIEPS a= »EMETHD
Bmwd-(B)

EI (p. 403-5)

a : (C)

Cl (p. 405-5)

R c ' IIU1e

N .,...", foodI

••,,,,t)' foodI

aJauDat!w 10 DLS,
CGIIfhs; ...... of
idrndlJ

lJquIdBquid ....l1,.....ing and
f1uriIil wlumo demup

Dr r d.(D)

DU (p. (05.7) HPLC, JllII'<""nmn p1luloI)'Ik and
deri-tiDtIon, fIlIonw! ence dctecDDD

DU (p. (05.10) HPLC, dlfli:aeut DM!biIe JIb-

3-1



EIQ\I 403

RgIn....
..........PIw.....

,urr I ;foodII
E1

I
~

C1

I
U

DL3 ... DIA

'=t'.:

VAIIl41DV
The following oomNp.doa .. UDdeigooe iDredabcnfGry w1iehdnp .... II reo­
O'''¥llUlf'W few use:
E1+C1+DLI

VaJidadon report

Luchtd'eld, JlG. (May 1989) "\Ta!lrl,doa ol. Mlldtharidue PI' H''''" tior
J>nemlnlng Pbdiflwca HerNddes,· LIB 5!109. FDA, RocblIIe, MD

• .... .... 1tJM

---~
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JteI&....

Luchtefeld, RoG. (1987)J~ Off. AML a-. 71. 740-745

Pal rtf'?
Residua or phenyIurea hethk'.ila III'e exbaeted from _&,,, filodI wIIb -m.
nol, lIIId the methmol IC)!ntioa iI .epuated from food IOtidI by e:enlriIiJpdoa.

Aftw....
c:aa1rifiJ&e,~ ao hold 500 mL boa1ea

c:aatrifuge bottle.... 500 mL Vile .... 1IOpflel' or __ rubber~
with aluminum roil ao avoid amtamlnatloa

fimneI.....

gndn,'ed c:yIindeJ' (PW'''''''). 2110 mL _

~. PoIytton Mode1 Pf lo.as. with PfS5Kgeua_ mn..'''''.
bha, head equipped with melI1 (not Teflon) ......Ing

Hz g

INa d ..

• Weigh 50 I Amp!e Inao c:enIIil'up boaIe. Add 100 mL ............. end
1loJDoIenbIe IIIblIuR 1.5 min UI1ng PoIya:oa with Ipeed let It8-

• CeDb'ifuae hOJllOl'lllllle 5 min It 1500 I)IID end .........t 80-100 mL
throughlimneI filled with .... wool plug Ioao 2110 mL p'''pte

• Add 100 mL me!henolao DWerielIn c:aa...&A- houJe lIIId heme he---- -1,0 min with IpeecI Pet It 8.

· ~::::T:':Le:-C:t
• much 1quId. po-!Ne duouBh

• Record__ ofawnbiaed medIenoI eauaa.

, ..........,f118G----
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Refaeaee

Luchtddd, RoC. (1987)]. A-. OJ/. AuL a-. 71, 740-'145

Pi' ','
eo-traaiva arc relDOftd by IIIIdIDK lIOdium chloride to dae medwnoI euaau
and panldoDiDg with heDDe. wbic:h .. diIc:uded. PakIIxI arc pudlkJaed fium
methanol into methylene chloride. Concentrated methyleue c:bIoride eauact it
cleaned up OD a F10riIil column, and raicb_ arc e1ured with 1Ce_/wedl,kae
chloride.

An 7'·
c:hroaIaIq(raph column, 10 mm ill x !OO mm, Te800 ou,clld. CICIerIe

poroRtr filtbid diIc

chroaWIOpapbic: column, t5 mm id, ....

Kudema-DaniIh coacenlrlllOn (&D). I!IO mil 500 m4 with SIqder .­
umn mil 5 mL grac"gted recei.m, 8Mb
sepuatory fimDel (1epu1IIOr). 500 mL aud 1 L

R S 4

acetone, cliodIJed fium aJI.P lIJlII8I­
acetoDitrile. HPLC gnde
b00llng c:mp., 20:!0 mah c:ubonmdum

FloriliJ, PR grade; see Secdon 204 fOr bandUng aDd .....dbN 'M_

heDDe, cliodIJed &om aIJ.tI- lIJlII8IlIIUa
wedlylene c:bIoride. d!oh1Jed fium -Jl.tll-lIJlII8IlIIUa
IIOdlum c:bIoride, l'alI'CDt pIlde
IOdium chloride IllpIClOUIlolIJt!on, I8lUnIted

IIOdium 1UI&te. mh,&-. grarndIIr. ~l gnde; see Sa"'.. 204 fOr
banclling dbet:tiol. -

eJIJml: 2O~ (v/Y) _/melhjlwe cbIoride

1+1 (v/Y) acetonlJrIIe/HPLC gnde water

DirectionI

I'I1w frruw
• TrmIfer main: merbmal exuau (El) to 500 mL*1*'"
• Add!O mL I8lWlIted IIMllam cbIoride IOIudOD aud 50 mL heMMl~mil

shak mbIture !IO lIeC. Let Iajaa 1epllI8Iie. •

• n....rer~ IllpIClOUI Ja,er to 1 L IepU'lItoI" COIl__ 500 mL _
and !O mL I8lWlIted .....iIJm chloride dudoa DiIcard 6elrme.

• Add 200 mL wedljkae chloride to dae 1 L eparator' aud IbMe 1 miD.

• Drain methylene chloride through 25 mm x 50 mm c:oIumn aC 1Odi..."
IUI&te into 500 mL Ir.D fitted with 5 mL receiving fiatt.



P "t.'" 'J' wi ...... \lbI. I

• R&exuact aquetlUI phaIe wi1h 1M» 100 mL ........ iIiCIbJkae cbloride.
Drain each c:maet tbrougb lIUdimn suI&Ie mlO &D,

• Rinse IOdhun suI&Ie with 50 mL metb,leae c:bIorIde; add riMe 10 &D.

• Add boIJing cblp 10 &D md Ci tpoIaIe mmNnrd em... md riMe 10
about 5 mL fur tI'mI£er 10 PIorIsiI column.

JiJorUiI a I a"l
• Place 4gllCli¥aled FIoriIiIIn 10 mm ill cbrota..',.apbic colmaII'" add 1

em lIUdimn suI&Ie, W8Ih column wi1h 1IO mL medlyleoe c:bIoride md
diIc:ard wah.

• When melhyleDe c:hJoride reacba lap vI 1Odi""' 1UIIlue. pIIlIce I!IO mL
&D wi1h 5 mL graduated au:eivIug" UDder cohmm Tnia4u C!lIH e ...
D1Ued t::IUIXt 10 COhlDm Rinse COII1aIDer with about 5 mL lIIdbyleoe
c:bloride md add riD8e 10 c:olumu.

• When t::IUIXt reaches top vIl«+lI!11il suI&Ie. rime c:ohmm wiJb 1M» 5 mL
ponioaa medlyIcne cbloride; lII10Ir each rime to J-=h top vI _HaiiJi
",Hit...

• When fbW riD8e reacba top vIll!"lh@ 'Uffitte, cIatie c:ohmm with 50 mL
~ lICC10De/Jrdhylene cbloride.

• Conc:ent:nle lI01udoD on _ bath 10 about 5 mL. 1temolIe lei I....
fIaIk md evaporare 10 dryn-. UIiDf__ vIDibogeo uid__b8tb.
40" C.

• PIpet 2 mL (1+1) IICetODitttle/HPLC"__ inID ru::ei.......

• Ca1c:aJ8te IUIIp1e equiva1cDt in fbW de8ned up emact -dlua 10 Cal­
IowiDg formula:

g........ mL JDeIba"OI fiIlnIle c:oIJeclrd 50 I
• X --;d:th;i;;;;;;mL eIlIrlICl 200 mL + (50 gx " _in. lie) - 5 2 mLs-l_act

11 _ .... ...,.,_----
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CI..3 I-RC. PCST~PfDTa.YSSA/IIJCERlVATlZATDV.
R.l.XFF9 'RICE L£1B.iIDV

1Iefea......

Luchld'dd, R.o. (1985) J. Orc ' ", Sci. IS. 516-520

Pd+rir' $

Rakb_ in lICCtoDitrile/_1Olution are eepm'lIfed OIl a ~18 RP HPLC CIlIImlili
UIiDg methanol/_ gradient mobile pbaIe. :Ree!duee eIutiDIr from the mhunn
are photolyzed iJHine to prinuuy .mines by npoIIlre to tW IigbI; the fIow'.
P' r- duough a sIeew: of Tdlon;:=:Jl10"1_e. npo-.ue to uv JiBht. The
amina are miaed in-line with oph' hyde end~~ to tbna
fIuorophora that are ml wed by a f1uorac:eooe detector. dellCUdiu,dw:
IIcp is "tel}' Idecdw: for pheuylweu.

Apfw....

fiItratioa~ for IOJudou.. 10 mL syriuae with LueH.oIr. lip, &IIled
with either' (a) 15 IIIIIl diameter Swiuuy IIIIIIuIe. IIIeeI filler' holiIer md
1511111l diameterfiJfen, 5.0 pm LS-type. 01' (b) dilpweNe memhnDe fiJfen,
15 IIIIIl diameter. 0.22 pm uyIoa membnue. eucned in~........
(PI I_len,,", devicea that do dot require a .,..are eIso )
HPLC app!RIUI (FIpre 405-b) IIIdPt meet IJIIIern PJ!bNJIty _ beIcM.
CoIllJ"e'e IJIIIern COIl'" or:
1) mobile pbaee deIhay IJIfCIU: duel pump gradient IJIIIern
2) injectol" with 40 pI. whe loop bgec:toI'

5) ..-d c:01umu, direct c:ouuect~elQ COIl.......~
C18 canridge (ADtech Assod,..... n. 60015. CPt. &. )8015)

4) mhunn 0VlCIl 01' heater. to meiuteiu IIIIlIIpk:eI c:oJumu lit C__'IIt _
pereture

Rpw40lNt
foIILC8. 11_0 I II. ,; lar ............'."- -

---

-~-

4m-7
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5)

6)

'1)

P 7e

aualJdcaI column, 25 an )( U mm Id, coo....1ng IIIIaerbI .-dda
with monomeric bonded layer of octadecyIIilmle (bns. (:,18); ....
Ec:onOlphere c.I8, A1It«h .+-ocia....

poet-co!urnn J)hotobIis md deriYadzadon unit • *_ in 0' :oped
ponicm ofFliure 4OSe. Unit••rmbJed from:

a) UV lamp for pholodepadadoa. 1'1 an)( 9 mm ad (Model ~1178­
01) willi~ IUJlPIf (Model 90000(141). BHKInc:., J'oagg. CA

b) Tdlon __ for pbolOdepadadon Jamp. 10' )( 0.5 mm ill delay
coil (CaL No.~ Supeko, Inc.. Supdco Park, BeIIeCome. PA).
Place coiled TeJIon tubiIiI over lamp aDd c;onnect one end to JDht.
Ing tee md other end to c;o!unm

c) low fImHale pump Cor OPA-MERC IOIudon (ModeI-.s1. lDC/
MiJlDD Roy. Riviera Bcrb. fL). Omnect em e shape:' coil of15' )(
1/ft' ad n in'e17 steel tubinI: • pulse ."'IeCJ"beau ~n pump md
0.5 mm ill Teflon tnNng, Wbidi is CCIIIIleCIed to tee.

d) mbdng tee. _n'e1S stee1, 0.25 mm baR, 1/16" Me wlanl 611h.
(No. ZTIC, Valco Instrumenu, Inc:., H<oo.· ... TX)

e) reacdon coD, 10')( 0.5 mm ill delay coil (Supek:o; CaL No. M206).
with one end c:onnec:ted to mizing tee md other end to ddlectDr

fIuorac:enc:e deteam

403-8

acecic acid, ""'1, rapDt pade

=-r~::d.~:O~:r~iPu.p.... TlDCt 3M'.... br dIIal-

methanol. HPLC pade. BefOre-. degas in glass 1JottIeo br.....1,,'" ........
or other PJ!taNe method.

mcmoJ.sic: pol:II77Ium phosphate, c:erdfled AaI pade. Pupae O.ClO2 )(..
don by dissOlving 0.27 g In 1 L HPLC pade water'.

;r:tp1aidehyde (OPA). r gmt pade. Piqwe TlDCt 1OIu.... brdIssuhIna
mg OPA In 100 mL medInol

todInm bonte baIrer poInt!opL DIssohe 19.11AaI gnde _ ........abonIe
decahydrate <NatBfO,.lO lip) in appshd".reJy!oO mL HPLC gnde _
aero DlIute to 1 L with HPLC-gnde waaer aDela4just pH to 10.5 willa -"'iii!
h,mwcidc.1IIing pH meier. ffJu:r thaough ...... iiewic:e.
waaer. HPLC pade. c:ommeada1 productor pqwed fiom....pwH! .Ie.
eepripmmt dIU pmdrecrs «IIodIIrd, de looPed ..... FOi' Hl'LC, degas....
• c:tae:ribed for ac:etoIIitrile. WaII:i' DR* he adequaIeIy pwi6ed to psneDl
pbJBBlng HPLC c;o!unm md earaneoua peab in cha'.UWI••,-.. AI ....
~ in HPLC poc:edwe DR* be HPLC pade. ("W~dlUdoele notsped£t
HPLC pade means dIst!lIrd waaer.)
OPA-MERC poInt!opL Tnwsfea about 250 mL d~1 eils....i"''' boaaIe baIrer
soIuIion to 500 mL 'fOIumelik 8ask. Add 25 mL OPA TlDCt SlIIlIIiDTI md
5 mL MERe TlDCt IOIudon· DlIute to~wiIb boaaIe baIrer IOIudon willa
mbdng.

11 ....'I1JlMl----
/

~)
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S; Sa'·....,T..
See e:t.aper 6, HPLC, for further lDfomwtion about -m.dDg HPLC .,.,.....

• Paepare IOIudon CODtlrinlog 1 pg/mL each of metobnium... mil eli&­
ron.

• c:2lromIIrognph IOIudon three Iimfs. RetieDdw~ IDe ......... F .Iy
2Z mil 24 miD for metobromurw mil diarva, lelIJ'i'i dod,.

• DetenalnerdalhelliDdanlde¥iadon (RSD) (..i1d••d.......,_)
ofpeak heilfua = Uled in three cbmmaIqpama; aIIo ckuiwiDe_
Judon bdWUL the two peab, IlClXlI'CIiDg to t&muJ. in FIgure 6OJ.L

• RSD II <5$ IIIId raoIuIioa wID be :t1.5 OIl adequale t ,
j!

DJa....
FIgure 4O!k: ••Mill-.ea chmnw...._ &om thiI I, em to ODe &am .,.m1lllag
UV detecdon MI 245 II1II.

• FDter both zretonitrile/1IMIeI' :ample exu.... Cl. mil l ....eDiJli _

dIud dudcm(a) tbrouP fiIInIdw dnk:e; iqject 40 pi.SIbue iDto HPLC
IJ'IICIIL

• Compa':1: detectoi le:poIiI~' <J-k hef&bt I: .......ed) to :ampie~
1J1ICtmll to ii'WaKe .......n1 UIiDg_ cbrmna"",aphic amcidoa:.

• Ule (1+1) acetODittiIe/HPLC pade 1IMIeI' to DIIIb: fiIrther clDm•• of
:ample exu.... _ 'k> ., to DIIIb: peak hel8htl of .,,'1.... mil _
ciani march do:eIy.

!£tiltH 403

403 9



Rgln40Sc
tAD ClaG•• a Wi.~ CIrft:IIt F :col

A

•

.1....--_--.--JI-A

403-10

AL7ERNI\mE:

DL4 I-R.C. 01. 0 ENT MCI3I.E PHA!!E

Lucbtdield, ItG. (1985) J. AsIIJc. OJ!. AML a-. 'II, 74M45

..' 'r'

.....L wi. zt-
Dh_w

Fipre 40Sd demo_ala dilreJeut~ paIterDI~....... by DU
and DIA Table 40Se IiIIa _cion dmca (rd8dVe to d1woa) 14 pheuylun:a
healr.da on the two.) tt'M

• Set up and openre HPLC al ill _ In DLS, eli cpt uae !IO min IiDar
gradient from~ acetonitrlJe/HPLC grade water 10 80'1. aceIODiIriIe/
HPLC grade water _mobile pbaae. AD other operadom iemaiu the aame.

11 I d 110. 8M 'VM!----
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404: METHOD Fm BENZIMIDAZOLES
B4SC ISUlJ'a

GIJvydis, D.M.. and Wallen, 8.M. (1990)J.A-. OJ!. AIwL a.. 'IS, '155-761

G!JIBlAL~

Itesiduca _ e:aiIiltlI:d wltb DI4'tbanoJ and )IlII1i1loDcd Jnto melhyleaa.e cbJoride
after initialllridifirarion mel apJn IIIlier IIIbIequcDt aJbJjnIndgn of Ihe eaIIaLL
ltaidues are separated and qDlIDdIaIJed by Meiie pbMe (RP) loa (llIIr HPLC wltb
both UV and tJuorac:cnce deteaon.

APPI.I::ABIJTY
Comuh Guide to PAM I to find additional Jnl"ofllWdaD penlncnt to ......op_
-wJk:adaD ofmuJtirelldue methodolotY.

Melhod:§·-hie tofrultnDd 'ege wNesanddCleiJDlDeal 4"....of....... ' •
MBC ( • from ... ofbeDclmyI. cubeDdulm, or eh....-_me"''')......
beDduoJe, ee-melhyL lW detector ....mdI to" ,'"""nn towbich
;he method Is • but fIuor_ce dereaDr lelp..... CIIIIy to MBC and
thiaheDduole. cIetermIiuuthe step ..enoira ....mbJetlon fOr reI!cIueu iD
mmmod!ticlI from which inte&feriDg iiWlei'i8Is an: w-exaaetJtd. Melhod____
app&aNe to c:c6e bcaIII_ dealp=d tor detenDiDetlon ofMBC CIIIIy.
Melhod Iimll of qDlIDtilaIioo iI 0.1 JIIIIii for each laldue. UV deuo ,Ie... iI "'me
1ec:Ihoe and prom: to aop DlIIafeteuc:el, 10 limitof~..,be .IF...... by
the pII1icuJar commocIiry. LimitofqumIiaudoD for ---" -= ::==* c:m be IDa I II
to 0.01 JIIIIii by ... of. IIuoRKenu deteaor at cmvflrioDa of ....Im..." ......
bm1ce for the oompouod.

see Table 4OM, foIIowiDg method deiafpdcm.fOr.-lilaof_,_

IDDB\tESTAMJAFDj
0bIain ,aenme 1I.'"""tdafrom ' .........., 01" oonnuen:Dl iOWCd.

Prepare Itoc:k IOIudom (25 pg/mL) ID _ of each of foIIcrwIDa: 1IIIofhn-.
MBC, tbiabmdamle, mel _ (Do DOt 1IIe 11 EiM_."_ .i:faeua:
i'WJdan;I,lJegpwovernlputaJAm,illequitedtoe&illiie' ...'.oJeredec.......wi'ion
to MBC.) So1udoDI_1IlIbIe ill _ and in HPLC mobile jJJwIe.

Paep&lemlu:d....tdlOlutiooluy............ lmLofeachltoCt.r_la.d.......
C9lIpOI"1Ue to c:ItyDe.wieh. pile heat (!IO-tO" C)~Mi_ ofDitto&eD. dW1fe
taldue ill 4.0 mLmetban<oJ, add 6.0 mL HPLC ioo pIlriDglOJudaD. aua mix to she
fiDa) COtICeJlttatioa of2.5 JlI!mL ofeach IIaDdvd.

51&'5 a= 11£MEIHD

RIC Wu.e

IiuirII and ' ... ! aNeaeaIIacIiuo wkh melhaool, Ii"'"
to melhjleDe chIottde
e:aiIadou with wetJwnol, , ...........
ofail with hCDDC. Ii........ to
methyIeDe cbJoride

E2 (P'-tOt-'7)

ChooIc from lheae metbod ."",.

....... (£)

El (p.~)

404-1
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E5 (p. 40+8) exttIIClioD wkh metbmoI.lemowd IWIIIed ClO8"eet-
aroil wkh medrj:Jeoe c:h1oride.
lnUiiI£a 10 methylene cbIoride

a ,,-:1berewe..awB'kwwl [I ............ 11bo.

RReI!__..'x......u.

DL6

DL5 (p. «14-9) HPLC, U mY: ioDie
rellpDt In mobile ,
.ad fIuorareoce •

(p. (04.12) HPLC, S2.7 DIM ioD,.mug
I iwtiDmobiIe~1l
UV.ad fIuonoet -nee ......100

DL7 (p. (04.14) HPLC, 4.1 DIM ion pliaiDf r iV1
in mobile phaIe, c:1wIpa m
deteaor eeldujp

thieben I. +-

\

.1'lI'...Id' 0lIIIW a-.
E8

ar-t oaIr8e r...

•
I

lh!
MIlC DL8 MIlC

~='" (0lIIIW r...)
....... u

L .J----- -----

f
fn*B ...... tt.'l
cIlru8. Will : pM cIlru8

I-- E1---I'

/
lh!
~.

8Ioff& p'

• n '••1(1""----
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VAIIJ47D/

Swera1 oomNnaw- ofmethod opdoIIIlft p-!PlNe. The fODowIDg mmNnarjcww
have uncIergone inrcdaboratoryvaIicWion aDd1ftJ'eOllii""oeuded lor_:
m+DL5
Va6datlcm report:

cn.,m..DX (July1990) QuanerIyReporton metbodIIl'eleac:h. IDA inlielDlll
colllll1Ullicatlc

EI+DL6
Va6datlcm rCJIOiL

jacobi, ltM.. andVeil, NJ. (1995) FtJtJflAMil. ..('-. 1" 5'15-6'T1

a+DU
Vallclptjon rCJlOlL

Roy. 1Ul. (1995) IDA priwte ooom""",1cpriag of RlIUIII (applied lD -,
dlm:tent commodities) fivm lnll!lageaq' Afpee_ No. IDA 224-90-2479.
wod IfonDed by USDA NlIIioDal MCIDitoriDg and Red, ADaI,Ida LaIJon.
IDly.C;pt;n, )IS

nw .......t.tJIMI_RM__ 4043
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Refaeace

GIJvrdiI, D.M., aDd Wahen, s.M. (1990)J. AD¥. OJ!. AM. a.- 71, 75M61

PAl cIf'h
Residues are auaetedwlch medumoImelpu1idaoed Into iLiCIbJlebe cIIloridc lifter
iDitialllddilicalion mel apIn lifter IUblequent -1bIIniradm of.the auld.
Af:p hw

Bodmer fuuDel (Bodmer). pon:eIldn, 11an dlamelLi
. cuapw....,..UWilI'01aI'J

filter paper, ....bkIn, to fit Budmer6.oM

&aU. rowJd.boaom (I'b). I L
separatoJy fuaDeI (1IefU8l«). 500 mL

sbaker. IIW'banlaI, Burrell wrist IICdoD

waplDl fiIttaIioD s.k. I L

• g •
AD IOhentanatbe III!taNe fiH' liquid chrom..,• ...,._1pCCII'1Jbutour
etty aDd natbe fiItcr'ed through 0.2 JbD filter.

hJdrocbIoric: Kid, RlIIpDt pde. 1 M

metluaaol, d ...illrdfrom ........

methylene c:bloride, dildlled from anp.........
sodium c:bloride, I'" aqueoua IOIntkm
.-111310 bJd1Uldde. 5 M_ I MI01udoDI

...Ihiill 1lII&re• .m,mow. granular. rag Dot pde; lee ~ ..... tcK _
bandIiDg dir«liooa

• Tramfer fiJII'PIe to 500 mL IepIIPIDI. aDd IIdd 10 mL 1 M bJdrocbIork
acid aDd 100 mL 1... IIOdium c:bloride eoJudon; _low ......we CI'OpI.

:t;.-;-mS.ain.. - 150 mL I" IOdlwn cbJodde IOIudoa ... aDd

• Emact JlIlueDiI8 fikrate wlch two 100 mL ponioaa iLiCIbjksw: daIodde,
shaking vigcaOUlly 1 min each lime.

lii ,(1191J___lIVIII
404 5
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P 5,'B A1I8'}U ... MIIuII VaL I

• :I;::reu.echloride..dIrough c:oIumnofllbout?Or_111m PlJfjMe.
co in rob flaIL SIne lIqUCOU& metbmoI layer in IeJIU1Ilm b ....
atnlCtioDI.

• Rime IOCIium IIIIIIiue with about50 mL meda,leoe c:bJoride aad c:oBect ill
1'b8Mk.

• Ev8ponIe metbJIeue c:hIoride In I'b ..J1* 1O dI, ' u UIiD( - ,"''''
IOlaIy EWi(MdlOr with go" C __ b8Ih.

• DiIIoJve ID8IaIaI In I'b .. ill • mL medwloL 'IbiI eanilCt cxmtains
reskb_ of.Dopban.... aad~md __ MBC aad dda:
bc:nduole.

• Dt:teimln.e raidues In this eablICl with DU. no"t\ __ DL6 toe c:iIrU8.
Awid delay In cIetcrmiD8Iion to milljmhe to. of ""'¥,.n4'Hidh,t by
etepwtation.

• DniD lIquecJiII metbulol pbMe from~ inlO bater.1UDIe....
lOr with lWO 10 mL ponioIIS_. and 8dd rtnPrlplO bater.

• ~pH ofIOhuioD in beUer to 7.508 widl5.. and 1 .. 8PdI"''' bJda....
ide eoIqtlop. mel 1 .. hydrocb1oric lIdd, • .. 'Y' Do _ .now 8OIa-
don 1O Ilec_ itlougly lIJbIIpe dwiug -I'M"....,.

• Rdum I01udon 1O IepU8lOI' and eablICl with lWO 100 mL ponioIa"'r
Iene c:hloride. dwJring vipoutly 1 min eKh dme.

• Dry~chloride .. dInJuab mhnnn of ahoat 70 ( ICM'PI!D
auffiue. . in I'b flaIL (Sodiwa IIIIIIiue mIgmn .-d 1O tJrf preri­
OUI~:L:td:layer. lIbove. may be reIIICd.) 1UDIe .".11",.. _
fiue with lIbout 50 mL methtJeue c:hIoride and c:oBect In I'b fIlM.

• EwporaIe comNned methyleDe c:bloride ean_ 1O chi' .. In _ 'Nih
IOlaIy e¥8pOIlilM. DiIIoJve IIiIIIal8lIn I'b..widI 4 mL ID "w."lII YcIIl
MIlC and .bjabend",ue lIl'e retihCied in thiI eanau.

• Deiermine J'4'IkIueo with DL5. eKept.. DL6 fol- c:iIrU8.

Tc ..........tlt".._1Dl__
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Rel&aw:e

GiIvJdis, D.M... and WaItcn, S.M. (Aug. 1989) "Modfflradm • LIB 5117 ....
CarbeDdazjm (MBC) in GreeDandROIIIP'd Ca«eeBema,'LlB5555,FDA.lloc:biIIe,
NO

Pat Mlj'es

Rajchw lire aua:toed from an- CXJ8Ce be-. with metbllDol and die fiknIII: II
addIfied. ODs lire .emoved from K!difird exttaa by putJdming iDIo hnme,
which is diIc:anied. Aqueous methanol auaall theu made aJbJ!ne, and J"kh...
are exttaeted inID metbJleue chloride by panIIionIng. 0a1y MBC II~ bythiI......,., 10 exttaaion from addJfIed fiftrale (cIoDe In Ei) II DOt pafunotd.

Apfw....

BJrhner funnel (Budmer). pon:daIn, 12 aD dlauw:1leJ"

fiJteI" paper.1barWin.1D fit Buchner funnel

fIaIk, rolJDd.lloaom (I'b). 1 L

IeJIIII'8lOlYftmneI (1epIInlOr'). 500 mL
1Ibater. mechmkal, BurreIJ wriIt IIdioD

""'Omm II1traIion o.t, 1 L

ADIOhen..1IIUItbe pritable ....1iquIdc:bromat-...aphyand apecII'\iIMJuJm.
eery and IIIUIt be fiItenld ihrough O.! JUD fIJier.

henne. efiIdI\ed from anp.....-
henne.~

hJdroc:bIoric:add, Rq;_...... I ..

methanol. dlsdJkd from anp.11JII*im.
IIIt'ChjoIeue cbJoride, diIdDed &ananp. appi8tW

lOdiiiiD cbJoride, 1ti aqueclUI dm

IOdiiiiD hychcaide, 5 .. and 1 timII

...Ji"... 1U1&Ie. anhydrous, paouIilr. r 'SWI pade; _ 8f'II""" 2CK ....
hmdling direr:dooll

• Grind aIft"ee bemI, UIIng ceutrlfupl mill. ID .-1OtDeIb ICI"eCII.

• Weigh 50 g pqwed .".... iDIo 500 mL rc Emu' IU .... Add
100 mL mitbmcil and IhUe 10 min OIl DIe' h.nlre! Ihak«.

• FUIleJ" c:onfleiill with PJCtion throuah ftltet paper In Bqebner and lillie
with addilional50 mL methanoL 1'rmsfer fIIi1w ID 500 mL~.

.... • 1.....,(11841Ftmt _
404-7
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• Add to fiJleml au....in~10 mL 1)( bydroc:hIark IIdd .... 150
mL 1~ eodium cbloride . Mh mel allow to cool.

• EzIract acidified medlmol once with 100 mL J!Jt1ham1 mated begpe
Drain r--lIqUeOIIS..Into 1JcUao .... dioaId bE _ue

• A4uRpH oflO1udClll in baker to 7.5-8 with 5 )( aDd 1 )( .*U,,"' bjdJ_
ide IOklliOllI ad 1 )( hydroc:hloric add, • De' ". Do not allow lOla-
lion to become Il1'ODgIy _!bUne during -4' .. at

• Remrn IObttlon to Kp8IlIIDr melau....with .-100mLponioaI medlt'­
eae cbloride.....tinj vigorouIIy 1 min ach dme.

• Dry metbJIene c:bIorIde ... lbrouP coJnmn of aboul 70 I ....Uum
1UIfaIe. oo1lecting in l'b o.t. Itu- mhun IUIilIe wlda aboat 50 mL
melbJleac cbloride UJd c:oIIect in l'b fIBIIt.

• EwIponIe mmbiDed metbtleae cbJoride au_ to dr, _ in _ liili'

rotary*alDI'. DiIIOlge IIIlIIerial in l'b"with • mL medwml ....
dua of will be in 1OIutioo. Deleuailw: with DL6.

4048

AL1ERNA1M:

E3 EXTRACTDV 'NITH ftETHA/O., FBOIAL a:at 'NITH
METH'II.E1E ot...a:lCE. TFIA/ISFER TO AIETHY/.E1IE
CH...CRIlE

.Ref....
GIhJdiI, D.M.. UJd w.Jten, s.M. (Aug. 1989) "Modiftcwtlon of LIB Sl17 ....
Cut>epd-a!1Ii (MBC) in Green mel RoMed Coffi=e BemI,• LIB 5!155, IDA. Itoc:l­
WJle,MD

"IMI~

RMMeCI CCJft"ee bemI oonlllin _ 011 than peen a6e --. 10 medr;hze
c:bIoride. nthel' than ba:anc, iI UIed to iemote oIL

DII ,....

• Emact. in E2, eu.ept afteraejdifje:atlon offIIIlftd au&Lt UJd coc>Bns of
mimIre:

• Emact IM'!dHIed mecbuaoI once with 100 mL meda,....... ddoride. II ....
........., 1 mlD. Drain lower..-..intobeabr mel dioaId medt­
yIene c:bIorIde.

• Ccmlinne, • in E2, bymUingIIOhidon eIbIne.

.a .'........1"....----
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DL.5 I-RC. OJ PAR KaEPHASE. iNANJ R..l.lH"9 BVCELE,a:,Lf'I

Gilvydia, D.M.. and Waltcn, S.M. (1990)J. A-. OJ!. AMI. ow.. 71, '155-761

BenzlmJduole retk!ueI are c:hromaIoIEntPb OIl RP HPLC 5S em, WBC lIIId dda­
bmduole are ioDized in acidic IIlObIIe PIuIse and pUed wiIb ... p'hdy dwpd
COUDteNOIII from IOdium c!«apanJfona". to alIltnJllJllelll sekcd'IItt lIIId .,..
I'lIIe lIIIaIJta from interferiDg sampIc w-e&bac:dwes. 1biophanate-melh,t lIDd
aDophOD8le, neuual at the conditiooa in the mhmm, are 'malle.1ed by moNIe
phase modfficationa and c:hromatopaph ........diuc to RP pilidf'les

UV and fluoraceDce~ to WBC ..... !hI","",,, "'; UV"
tee:tor aIIo rcaponds to ..... aDophma "..

Appu-

~~.:r~~=.ze:rl~
JIID poR-. 47 mm diameter. Use wiIb ftCUUm I L

I1IttadoD device for DIIIPIe IOIutioow, 10 mL ",mae widl LueH.oI: lip.
titled widl nylon 15 mm diameter d"'--bIe fIJrer uDIt, G.45 JIID paR siR.

HPLC .,-em - - .,.rem p d tahl1by test below. Q",'Il1oete Zj em
cons!els oe
I) mobile phase cIeIiger7 Zj P•• (!I)!"-UI wIwue iIocndc pamp
2) injector. a>JUImat!c _pie Injecrioa module, P f ...,. withJoop __

ume~pL

5) auat,tiaI roInmn. 25 au x 4.6 _ ill, containing ......,. em M(l(>ed
5 JUD Col8 bonded sIIc:a IUitable fur~ 01 ...__
JlOUDda

4) pard roJunm, QM•..-IiNewith-lJdall m1mgg, pecked with__or
eomp.r.bIe Col8 bonded sIIc:a

5) mhggn-.withwutl&wadoadiatecmmme-'M pard""''''''
calcoIqmm .

6) variable Aal hJIdaUVderectororphotodiodeanaydetec:lllll•..., Ifiped
with flow ceO oIabout 8 pL

7) fh~uSC:aKe detector. du8I JDODOCbmn......., ............t with 5 pL flow
ceO

8) lealider.:aipdwtRCOl'deror .......,m,ID......... ,etlNewilb
each de1et:1.CiI

P I
l-decallesnJtbnete....Hum :ak, 98~puR

ion JlUiulIOhuion, 4.l DIM I ...._Ifm.........8..... 1IIt.l'tpet7.0 mL
phOlphoric uId into lOG mL HPLC grade 1IIIW!r; diuohe 1.0 lJ 1­
deczneoon!lOpere, 1OdI1Im aIt in dJII mimll~. PIpet 10.0 mL trio:IbyIamlne
into solution and dllute to 1 L with HPLC gtade water. FDter lhrough
<1 pm porosity IIICIIIbRne. (pH oCsolution sbou1d be about 2.4.)

4049
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P 5 L" All";;' wi MIrUII \/IlL I

a Inject at IeMt three 25 Ill. pordoas z.5 ug/pL miud ••Mllid .........
Detamine followiug pnmeten:

I) menlion time IIIId peak helPl 1m each peak; n:IIdhe ••' ....'d de­
yj.riona (RSD) for lepedtioe _ .... aa- IIIId peak heiPt __
IlJIeIDeIlla

2) c:ohmm efIiciency (N) 1m thla'-d.IOJe peak
5) MjWiDCliJ 6laur (A.) 1m thiahend'I"'Je peak

a IJYee:t each of three difFeteut CODlleIltIaIlon of miud I!PJ!dml aal&­
tiona (IG-IOO ug/25 Ill. lqjrcdon). Plot peak ............ _liil iDjemd

a HPLC.,.... Mequate 1m .-lyaiI for benzim!d.'oJea wID meet fOIIaw.
~~.., ailalai: _don aa-ofabout 8, l5, 18, 1IIIIl25miD for

~, tbiophmMMDethyl. MBC. and thiabend··..... idpOi (';eIy
(menlion aa- may YaIJ amoag ....._ but Ibould lemain OOM'J1nl
for pIIi1icuJar column); RSD <O..5ti 1m _doD aa- IIIIIl <!Iti for
peak heigh.. of iDdividUId peaka in dIRe c:cJiilIeCiIIhe c:bnmwb .....
N>12.000 IIIId A. <1.5 for tlriaberufuoJe peak. 'I'

a EDiDlne .,.... not DM:eIinI theae aileJia 1m prohJe-. DIinr ......trouhIe:Ibcloti aecdom of Cbapcer 6. Corftct proNe__til by
lJ'OUbIeaboodng undll}'6tl!lD meeta aileJia cWIged me-.

a S, ",,, wID qpiaIIIy reapoad IInady lID IG-IOO DC of each ....,.-."'••,
but linear I'lUlF may YaIJ '1DOII8 .,...... Pertbim quadtalhe ...,..
only within c:ak:ulatm Ilnar J'IDF of .,.... • dewuniDed me-. Di­
1ub: eampJe CZUlII:la • needed lID permit injecdoD of-lJte Ie9d within
linear 1'lUlF. AlljUIt _IS iJgected 10 dIat peak heipla of-lJte
IIIIIl refCience Ilancianl do not ciIfl'er >25ti fion1 one mOther.

DJa d ..

See FJaure 404-bfor 1ypic:al~ pr'..... ed by HPLCz; d"

a To ea1Jaet fJom EI-E5 (diIIohtd in ..0 mL medI8nol). IIdd 6.0 mL loa
pairing anion; milt. V"""'"' ..., be diIIohoed in medI8nol prioI' lID
iMfding ion pairing IOlulion.

a PUler" cIIrouP o.451JDl flOiCIIk1 JllClldnDe; tDler will plug ..............
~ 10 6Ju:r only 90lume n~ ~ ded for HPLC cIetennInlIdon. about I

a~ ."ifole rittion IIIIIl cluW'WhiPapb • deaaihed in S; d"

a ~w.:a"':')~""d:~-::.:r=~~:a:;..~~-:v
a IffuJther ch1ntiona..... ..... '}', ... mluwe of..-6 .....anoHon .....

ing IOludon • diJuenL

a To c:omen .............., NBC (MW 19U) lID eqaMJeDt beJ>-w'iJ1 (MW
290.4). muldply by 1..52.

a To WiWUl calc"....NBC lID equMIaIt tbkopIw rcdIJI (MW lHU).
multiply by 1.79.

a Peab of !lOti PSI) at c:oacD&lc_ .......... for _Ing .........
equivalenl lID lIboal 0..5 ppm each of Ihiophanl!tt'iJdb,t. lIIIopIwIaIe,
IIIId thi""end!lZOJe; NBC Peak of 50ti PSI) at theae CODditioDI iepR!­
IeDIS about 0.5 ppm.

.....,......'1II8IJ---- 404-11



..... 404It
ChI.......'.~ ......- .. CanIpaundII

INDlC_.. ....
c

c

o

I $• l'.........•
A

• 11

-1IIIIlI

a.GI '.oI: IAI~ jMllIIriiBd 11m lIB BdIID .... 11404 E1• .-
_ d IC.I~ llIIriiiidl1ml-*:....1I404E1. K'l.C. r I
_ ..stCIld in lll.5r Son,IIII cu&a.-. 0.14 ppm lliIIINnclrred MIIC.

AL7ERNA7MS:

as I#'LC, CDCBVTRATSJ DJ PAIR A«R EPHASE, LNA/tD
FU..£f'E5lBILELEIRiltH

cnv,dio. D.M.. lIIld Wallen, s.M. (Aug. 1989) "ModIfIo8'" fIE LIB Sl17 _
Qube.....,illl (MIIC) In ORenad JIoMrd Co8'ee......LIB 5!J5S.1DA.1toc:bIIe,
1m

Pl' ""r'
Conc:enaadoD ofloa JMhIuIP=gat • lou ed eight __ to lou : It' ......
oflIDlI1JIa mel imp"HeIeJlUllioo from earl)' eJudDg UHSUWIhu.

AddItL ' R 7•
ioa JMhiug IOIudoa. 51.7 111M 1.....---. _Ii/m aaIL PIpet 7.0 mL
phosphoric acid Into 200 mL HPLC grade water; dJaohe 8.0 g 1­
deamaulfOgate. _"i/m 18k In thilmhrture. PIpet 10.0 mL ttiedaf'amlne
Into IOinriog ad diIule to 1 L with HPLC "'-lIater.FIhr darough <1 pm
porosity membrane. (pH ofsolution should be about 204.)

404-12
lie P ,......1.,.----
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Diaedlf •

See FIgure 40k for~ofimp_lI provided byIdgber mII4 ejlnadou
ofion pairing solution m mobile pbMe.

• Perform HPLC cIetermiDadoD • in DL5. CKept.. ion pDiDg woIpdon
and mobile pbaIe dClICribed here. Its. tb6e coDdIdoDa. MBC wiD elute in
about 26 min.

Rpw40k
sr.ac~ IDn Nil.......Cui_* ,'ct.M a•••_ u"""~ IB:

IN 11__

l£C10I 404

-

PLc C

iRll__._Io......'_',.,'_•._..._....
INDC_r

.... a

- b ID

iRll__._Io.....7_'__... ....
alGi"".'.~ fran ur-'t~~ _act&d utID 404 EI!. ...
d.Ui dlaotIidlnl1l5 l1S. SUpM c:I.Ui '.ar
MIIC.+ Ii o.SIlPR-

.............1f111MJ---- 404-13



aclO.l 404 P 5 ihAllllyl' 4 ......VGL I

104-14

01..7 ,..,:JI£. CI\I PAIR M:BIl£ PHAIE. CHAIB!B N CJ:IBJILFl
SETTINGS
ltefeaeuce

GilvJdiI, D.M.. and WlI1ten, S.M. (1990)J A-. OJ/. AMI. a-. 7J. '15M'll

Pa' 'I"
DJa.fL··

• PeJform HPLC delerminalJ.;.a • In DL5. eP"CJI' ... we L" af UV
detector ahIodJ8nc:e to !105 DID and .go. ezdtatioa and ad J ... _

1euJBdu affluore. en.... cIeleaor to!105 and 545 DIll, .eif'C' aia:ly•

• Dilute I8mpIe eauau COil••". th!abendamJe and reduOi""~
UV detector leIf'OOlW' to thjebeuederoJe • ddI idIIug will be Uoat
dJat ohb;jned • 280 DDU, and &eoa.ee..". dd& liM I"eIpOme to ....
beDduoIe wiD be abouJ 10 limea that ohbeiaued .280 and 510 DID.

allRlMATrlN
See Secdon 105 far wlditionallnfon II'.Uoatwufh""'.
CoDfiam iDidal flnctinp afJeIidueIby recImJaIItoKnpblngwiIh altEaD8lhe "S)IliClIlliT••
deKribed here, as appoopri8le to n:sidue(s) £ouDc[ -

11 3..... I'JIMI---....



p ,. 6h AI.; , wi MIruII VoL I TABLE401-e

TBbIe 401-8: FIBcot.wy at0IBmicsIB 7hrough M IlJUd 401 (E1Q + C1 + a.1]
lmtJlha'ld iidI'8ldIn. c:MIrIlfI "*",...Ii., end~ClIbm, lAC"*" /1Of1k"*"'" .. i . . " endIbir__' ...·11

SIS ieawea, fiaa I ..

11

10

14

9

9

10

19

15

7

10
15

15

10

8

10

11

It
10

10

10

10

OJlli

0.6

0.85

0.55

0.4

1

U4

0.75

1.G6

1

0.f11

1.1

U7

1.15

U6

0.'19

G.6f

0.41

0.85

0.44

1.51

V(6'1-11~)

C

c

c
c
c
P (""")

... '- --I

c
P(~)

C

C

C

C

C

C

C

P(?NK)

C

C

C

C

C

C

C

C

C

o rei

2,.5,lkaimdbacaab

5,4,!krimct1uarb

lI-h)Ch ,...........

lI-h)Ch ~II, wdJtl-
pbeoJI methtkallwp·te

pbeoJI medlJlaat·"tI'r
se_.......
Q)Ch-~ II ella'"
pbeoJI meIhJlaat.Hil4.

aIdIarb

IIIdk:arb..!&wlcIe

lIlIdu&,.....b

ben dL<ub

diow*b

e«"infencmb

&:ac+u b

_Ibiocab

_ddoocaablUlfoae

_Ibiocab..J&nide

JDeri*'b

• Codoc C: I'· (....);P:J*lIoi (...,.); 8:... (<lIOS);v:..... C:..I..I --.,pa....................~;
R: ,.....ed bat DO II .".he iuLaawdao aniIIIIIe; I&:DOtietOlUed.

I' .' time. rdIIiR litcabcAi-. GIl C8 CJDIuIml~ in DUw
• ..1bIl.....,5Ol'W............... ...............IDDU.

TABLE 401..1



TABLE 401-e P 'ihAW;' 4M11u11YaL I

TtJbIfI401-e: R8crNfry T1rroutIJ MBIiIod 401(E1:E2 + C1 + DL1}

n ''''
popcaw
dJio'IL .,to

DlC

TABlE 401+-2

.. '9
,

JbtI .. "-
C 0.98 8

p<~) 0.99 11 ..........'CIf...,..r...........
podact <........",.)..m: eeL

C l.C16 10

................,...._I'IIA_""



P 7'.tI AnII;7' .. MIlruII YaI. I TABlE401-b

Table 401.lJ: aeooM!II'Y oJ0JBmicBIs Through AI ItaJd 4D1 (E1~ + C1 + a2]
(I718Chad adlidUJ. c:6IIIrxfJ IIIiItr paClbIiJg mil~ caUm. IA.C
wiIh ....__.. " 7 "*i]

n 'm' ... SUI
. ... -t ~

taiba" C 1.06 5 Ex L 1lIl1,l'a L!I!IO.

c:arba6Jrm C I 90 Ex L 188,1lm L!I!IO.

0GA161149 V (4!IS9Io) 0.75 10 Ex L 188,1lm L!I!IO.

0GA1956M S (ISoI!l!W» 0.57 llOO ExLI88,IlmL-.

dl..···,b C 0.67 180 ExLB, Ilm LIM.

"'""',bUW V(60-I~) UI9 50 ExL 188,1lm L-. LDlrInel, .t
marbe .......edby....mIaikaJb_

iIop_b C 1.15 S'IO ExUlH.1lmL"

Dapbdn'"'-w e"'nide P (77'J,) 0.75 5 Ex L 188,1lm L 510. FarC I'tIC.,~

c:Iaan:ml wiIh....... W 100 mLpeli'elber

DiIjii-,emjde C U6 4 ExLI88,IlmL-.

pJu-Jcme C 1.7 90 ExLI88,IlmL-.

pNwlone CiIlftlI!D uWog C 1.5 90 ExLI88,IlmL-.

.....,. Iwtmjde C 1.74 IS Ex 188,1lm L!I!IO.

I*opoaua C 0.98 40 Ex L I'M, Ilm L lIOO.

I 0Id0s: Q ,. Or~I;P:"""'(""');S:"'(cIIlIl');V:""'("'''''''''_PU=......1IDo-.);
Il:aew _IlutDOtp"DriWhelulwi6illicaa P tr :Nll:aot._ ad.

•• -lime. n:Ioliae ca 1 IballallL1/llLl.

.......<OllIe 50lli IUl 1e "" d. 1 • • ill DU-

• hci...- (Es) IiId .. ) Eb 7 'f"i forlbe .... ..,

110••'........ 8BE1.,..

---~
TABlE401-1r1



P 7' ita AnlIt;i' ........Val. I TABlE«Ee

TBbIe 4D2-B: RecoMll y of0IemicBIs Throu(Jh Itlsfhod 4tR (E1D + C1 + DG1 or
DG8orCG4]
is dtlDlliun .aMidmidIrlt. GFC ill'"»' r -I, anti FIDrlrJII:IIIBrqi,
.. mill.al by Gl.CJ

n 5 ,

2,lI,5,64ebidllowas...
phthalic add

. .._IC CUt

El:NR

D:NR

Mt re

M IlqlaliedCWlf' 11",baldid_em.em­
GPC.

79'1_ I ..........', 51. CV, D+I7O, DIIIIIIl .....
8u..

El:V("") No_. 5 CDZ__cL
D: V (79-111d)

El:C
D:C

El:NR
D:NR

El:P

D:P

t,4..DB

El:P

D:P

El:C
D:C

El:NR
D:NR

NR

S(o.4K)

'11"__,.lK.CV. _1116, DIIIIIIl .....
8u..

NR

IfedatIedaa" i. I' 7 'y eIa1Iedm-1IoriIII, but
aalJ'lIOSm- GPC.

J
I

I 00d0I: 0: j4. ()IIIl5);P:,....(.....,.);St....(~);v:..... (...+r..-_.. • .....1IDl.-);
R:JCXUNledbutaoquend....iDL' P Ue;;1G:..,wweaaL

• _ _ ......... (...E1) .... fi ••wiIb_ ......

• 1IariIiI wiIb IIoIIat 1II1II IIoIIatI OIIIr.' ' ...... ID edIJI (D).. 55 col NR shnloIp ....--..
Maw 'lfpaL d

• r--/........._llarililwilbm-I _..-.

I WlleDDOleis '.-riII 5n He /edIer••cweu_n. he d....MidI......~ 5' I Ipe1' d'

J
TABlE4Q2e 1



Table 4IJ2.a: R8cotI&ty Through 4lR (E1B + C1 + DG1 01' em 01' 004)

o 'el • 'I_ CUi NIt'

El:S~) Low-.--emlmnn .......... eo*-tmetbJl
eIler.

r.t:S~76~)

El:S(SNI9'It) Qu, •••' oaJrcmwidebareGLC.Noeiler
i.eoce d.

.iA'h_:teo

he"....un

r.t:C

NR

NR

El:. (5f.4lK)

El:NR
r.t:NR

El:NR

r.t:NR

Mdh""'" bal-*7leller eluee6.-
JI1ariIIL

MethJleller- elided tn. JIadIII.

Com~ did _meda,....1IIIdermetbod
he W--

.... ietOi&edifllodlllebaeed........wI

lOOmLEE.Com,.!:.!: rec:tNdi Ifllodll cIu1Ied willa ..... I

lOOmLEE.

El:C
r.t:C

r.t:NR

1414....

hi,.... "Iiii

cL&i~)XI'? ·"'ii lilt

dupop

TABLE402e 2

o 4.' Ie iEWNiJ lfllarilil elided...........
cioaallOO mL EE.

El:. (5'1-86~) No edacr * 5 _ ......01.
l!l!:C

El:. (5Oal'JL) No edacr i E _ ••, I 01.
r.t:C

El:S(~)

r.t: • (4969'.5)

NR DoeI_... da)lue.

El:. (5Oal'JL) Qu••• II''8*apllloaJrcmwidebareGLC.Noeiler
lC:faeo.ce _cmoL

r.t:C

1\. ....8BEI .....---....



p U." l,.,tAl" ... MBruI vaL I TABlE 4CJ2.e

TBbIe 4CJ2..B: Rs"D~ 'ThrougJ 402 tE1D + C1 + 001 or DG3 or DG4J

o r:

Q"10607O

Q"lotJJYn

CP 10lI064

CP ]0lllMi9

CJ'9t4l9

• U- -t

NIl.

NIl.

El:Nlt

E2:Nlt

E]:C
E2:V(~)

El: P (7]-'76")
E2:C

N'U

DoeIDOt....." 2e

Some medIyIadaa,bat"_~6aD Gl'C.

NIl.Ihrouah m Ibud _ iD 100 aLEE;__

6aD Gl'CoaIJ.1IariIll oaIJ.
Complete lCiCOiEi' ifllarilllela-.1wiIb Vdhh Del
lOOmLEL

Doaaotawd/

Do.aot_ 1;7

E]:C<8O") No_IS _MIi I cI.
E2: C ('It-llN")

El: S (elIl")
E2:V(S]'-')

El:NR
E2:NR

El:Nlt

E2:Nlt

Do._= Ja;' ... .-eatllOSI_eelIf
IIodIIl elutedwlib ]00 mLB.
DoeaDOt iDCIhJIaIe; i' , lew WI-.-eat
wlib ]00mL ElL

DNOC El:S(e.aoti) Niu.... 1 • ..equlaaLNoetberl 5 ___1.

E2:C

El:NR
E2:NR

El:C('''''') No_ii,liei_-. ria cI.
El:C

11:. • ..Nl.1IE11V88J.....__lIVlII!I

El:Nlt
EI: NIl.

MelhtJued )ll'Oduct_1OlUbIe ill b ·w

TABlE «J!.e-3



TABLE 402-e P "hAil\, 4Min111Vl1L I

TBbIe 4CJtMJ: R8coli81 y 7hrour/I4lR (E1D + C1 + CBf orem or CJG4]

o 7" . ..- 'S N I r'

BwCAtpp

HO~

fmUPIIIOX

me "UP

El: S (1UO'Ko) Twopab.-Jl; S-"'_elaledwidlloo....
EE. No _ ralld.

El:P (64-7'1'J5) Two peab~l;(o.il)lm r__,wiIh 100....
a No_ralld.

El:P(M~) .....eIDdoDwIlhloo....D_-s..
EI:NIl Iofetbjluba_ 'I1, _

El:S (»41~) Elulioofrom CllIItwJdJ~.+100....
Ell..

NIl Dos_m II' jIade.

NR MedlJI-_eIaIed ftomPIar1IlI.

EJ:C(~) Noethel"rdereiM2......d.
El:C

NIl MedlJI etheI"_eIaWd from IIariIIL

EI: C (7&891,)
El:C

EJ: C ('1C).106~) an- ....apwCllIItGIl wide bare GLC. Noether
ie&:sCilClC ••PMh do.

El:C

EI:C('1S3I~) WideboreGLCro •• wr..!ed No_r 5 eiM2
Mpp«Iu,L

J'B.7

El:C

EI:NIl

El:NIl

EJ:P

El:P

Cam) , I , , r_,lflladlll eIaIed wIlh .....
dIIIIaIloo ....EE.

7O'J,_r_,.51~GV,~........
lilt.

piduaaa

TABlE402e 4

EI: NIl ~IMrir_edIfIlarWl cIIIIOlwIlh ....Iow eI

100.... Ell..
12: NR. Q"''Ilete ''''_''''''''''"1 Ifllorill elided widleddl,. wi

100.... Ell..

EI: P (49-7M') Twopabfrom medajladuu; CllIIt ODe __ by
.... ad IHWJi.

EI: S (7-IS~) Aclclltjnaal SI-M~r_edIfllorilil eIaIedwith
loomlEll..

.... J ..........----



TABLE4CE-e

Table 4fP.a: FIBcDvety T1Irou{1I4lP {E1-E7 + C1 + m1 or CJG3 orCB4]

o 'ei

triwli wool

111 .......N1L18E11111111Ftnn__ 1lVII!I

. "cu,

I:l:C
D:C

E1:NJl
D:NJl

E1:C
D:C

1:1: 5 (I6-f5">
D: 5 (!'I.e,,>

MI U

Medl~pmductil .......n ••••.,.•....uta, dIr....... HoriIil CIIdy.

TABLE 4028 5



p " ..... All", 5 wi MIruoI \IbL I TABLE 4CJ3:e

TBbIB 4CJ3.B: FIecot.wy of0IBmicsIs Through AI IIJUd 4CB lEt + Cf +a3 BIGa4}
(~IIJI'".....,. aliMIJIf' by,.1lIIi:Jntw EdRrritJIdluI....,.",. I4'LC ""'"
ptJIIk:I:IUmphCl )vbenddtii i .... La....,' 7 Ii-d

DUe".' "I
W-II......

DLtt' 57/
W-.........

o 7 ..

chIoatAUlOil

fIuomebii.....

iDOiiUiOO

Be eu" ...
C U6

C 0.87

C US

C 1

C 0.41

C om
C 0:96

C UI

C 0:91

C 0..

C 0.91

C 0.71

C 1M

C UI8

IJ) 0.006,LQG.Ol!l!

IJ) 0.00l!, LQo.ooe
IJ) 0.00l!, LQ0J1tYI

IJ) 0.00l!, LQo.ooe

IJ) 0.00f,LQO.oU

IJ) 0.00f, LQ0:015

U8

0:91

U8

1

0..

0.llS

1

US

UK
om
0S9

0.75

l.4S

U6

IJ) o.oos, LQ0:011

IJ) 0.001.LQo.oos
IJ) 0.001. LQo.oos

IJ) 0.001. LQo.oos

IJ) lI.OO5, LQ0:017

IJ) 0.00f, LQ0:014

I Codoo: Q "I' (:>IK):P: ..... (lINOlII):8:... (..):V: ....... (:"I,............. • ......_):11:
itIWRScdbatDO' • J zlufrw ,L n "I Mlt:aaI _.• _.-.nIodIe dleBft.C .....

• ID.lildoidesr lJ1->oIpbeaJ1ua..faund , ................. ...-:LQ.liIIltaf
'I' •• ,. ...-...-,( ) 10 .....

TABLE 40381



p " ... Ant;;,h1. MBnlIII Val. • TABLE404e

Tsble 404 8: RaCDL8}' eX£hlmjce'B Through AUf/cd 404 [Ef-E3 + l15}
(lIIB1I&1016111hUiw. "".19 hDmaIti,.. dDiito H'l.Cwthit1tlplllirtvmablle
flI-endWendlbll__ .' "'I]

0 . , .. os,

aUop'12nate C

beDomyI C

MBC C
tbjabmdpmLe C

thiophmMHDethyi C

Dewwlutd brUVdIll • , 1It!!lO II1II.

Dewwlutd.MIIC<_t·dH,1 '>brUVd I • IItll80
II1II.

DewmIDed brUVd I •• lit lI80 II1II.

DeaswlutdbrUVim hlltll8OlIIII;awdlliii,laa II
IeIIIiIItItrwith DL7.

Deasmiaed br UVlit lI80 II1II; , g ..... eIlInIIa,_be
deasmI&ed quiddy.

I <lodoo:O: " .. (~);P:""'(I08lIl5);S:_(<IOl');?:""'(h po C_~);
R:itWiUul ...DO......Dllteiub He R '. _"ieee cal

• IIIIIId8e -r.-ltftam_at (1)~ ........tbaad•• l1!IidaeiloelC It • ......,wa:aul 1I01111C;
(1)11:;''1. wtdeyl._.p.d"..I".t,lIOloOIC;«(S)c:auM: 'II! .lIBCiI__....• t ........
(_:qjIoIteid in dee U.s.),

'D........... l81l8I
.......RIl_1IIIIIlI TABLE404e 1


