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c;. OB,.''',.apIdc0.0."- d

Muitirelidue methodology by definirion requira deterDlinalhoe ... eap-ble of
IeplII'lIIing analytes from ODe another 10 each can be detected and m JRd
individually. Ba!b gaHiquid chromatography (GLC) and high performance liquid
chromatography (HPLC) provide !bese capabilities, and both are used in modem
laboratories.

GLC has been !be predominant deterDlinalhoe alep in peuicide mullhaidue
melbodology for ow:r 50 years. Beca"1I' GLC inwlVICS intenedon be_ a vapor

base and liquid phase. lIB application is resttic:tI:d to analytes dial can be
&.e<i wi!bout degradation. Forheat.Jabile chemicals, HPLC oIfen a variety ofv:t:::
natift schemes for separating analytes ac:cording to chemical or pbysical~
teristia, but GLC's refative siiDpiidty and rugpfn_ came it to remain the~
minatift alep of choice for n:Adua to which it is appiicable.

SepmIIion in GLC is achieved by dIiIeienea in diIIribution of anaIytes bebECell

mobile and lIIalioDal}' ph m. ClI1wing them to move through the column • em:
ferent rates and from it at different times [1]. A m p IU'Cd aliquot of solution is
injected into a gas chromatographic column through an inlet heated to a sufIi.
cientiy high dial analytes are vaporized. In Ibis illite. !be flow of inert
gas dialf<>~phase sweepr analytes through the coIgmn; RCanIirrg
Ibis _ is the anaIyte's sohlbiHurion in !be liquid phase. During r I'"
through the column, anaIytes dial wen: injected in die arne solution ICpIPIale
from one anolber because of their different vapor pi "M1 and seIec:dge in_
uons with !be liquid phase [!]. When analytes elute from the column and enter
a detector. the detector responds to the pl'CllCDCe of a specific elcmmt or~
tioDal group within the molecule. The detector's raponse ClI1IIClI a chanv in
elcc:tronic sigDaI, which is proportional to !be amount of residue; !be signa1 is
amplified and recorded as a chromatogram.

AnaJ,tes are identified by the time it takes them to ... tbrougb • column of
specific liquid phase (retention time), at a specified Pe"q__ and P ftow.
Quantities are calculated from the detector response. Both releDticm time and
response are compared to 'Vll1ues obcained for a reference standard soIudon jo.
jected into the same .,atom.

The bIIsic: gas cbromaIograph consists of an inlet .,-m. ",lumn dcreaoc, eIzc.
ironic equipment to amplify !be detector sigDaI, and a recorder or other d-.
handling device. Carrier p(a). with lPpplOJIriaIe pneumarir syaem(S). are also
integrlll to the GLC.,atom. The inlet IJIlem. column, and dcreaoc arc maiDlaincd
in tempcl'atlJJ'e<OJltroJlcd cmrironmenll.

The following arc desirable fatmes in GLC Iwdwwe,

1) 1D1ct, column oven, and detector should be individually heared and
tenqoerature<oDlrOiled. Temperature should be maintained to :1:0.10 C.
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Control of detector ternperatuR UJIIlI1Iy is not _ aicical but should be
weII controDed, constant, and not affected by lOCh thiDp • tiDe 'f01taF
fluctuatioos.

2) Temperature readout should be avalIahIe fur coIumD, d........or• and inIeL
(Check accuracy of instrument temIlCrature indicaton with lICCUJldC py
rometer.)

5) IDItnJment design should be simple enough to fadlillltl: troubIaboodDg
and repairs. Desip should permit cay J'CIIlCMII or inlpCClioP of either
colmmi or detector without affectiDg the tempeJature of the other.

4) SyIlem should be desiped to prwent 01' mjplmlp CODllICt hc:tweea .......
injection and any metal parts; system IbouId be aIJ.gIas (or _ near_
P'*'"bIe).

Setmllsizes of p8ded and opeu DJbular capo1hry c:oIumDI are 1.-1 in
residue aoaIysiI, and bardwMe for iDIet and coIumn IIIUIt KrOIIItMdate
coDfiguraUoDs that wiD be needed. Sedion 502. Columns, indudes din:c
tions for adapting equipment.

5) Cenain detecton may require mulliple heated ZOIlClI, indnding ClM'IJu.
tion fumac:es. For f1csibiJity, cfesIgna that permit ready aa:aI for _VidDg
and mainteDllDCC are pleUUed. Sedion 50S pt'O'fida delaiJs on variouI
detecton used in pesUdde residue detetmIna1ion.

6) Electrial signal monitoring equipment Is UIUlIIly one of.- d; ..., (1)
amplifier with 1 or 10 mV oulpUt, comperible with Itrip chart .--.
and (2) amplifier with 1 or 10 V owput. compen1Jle with cIala proc 'ull
by either electronic integrator or computer. Other.- cIeWces IIICb _
'IIIroampIen can be easily adapted to any of thae .,.........

GM ...........~ .. pre.tm: tqIUIIrton with mit,::.. -a dilIpbnpIs
are~ for aD GLC deterrninatioDl of trace laid.....~ with a IIeCl

ondary stage maximum pt'CIIUJ"C of 80 JlIi are acccpllIbIe. but thoR with 200 pIi
of£er more fJczibiJity. If a hJodt'oFn purifier is used (below). the JaIler IJPC oE
regulator is tequited, becanse higher pUSUIe is needed.

GIla IinelI that connett .. tanb to the chmmatoKnPh mull be clem and free of
componenlll that contain oll or gapurgabIe e1aIiomen; "tefdlUaIiuo gnde
copper (i.&., deaned of aD 011) Is p>efened. Tubing (eftIl u:ftilFaIiuo gnde)
sbouJd be quentially tiDIed with methyIen: c:hIoride and aoetone before ux.
PIaatk: and nyton lines mu.t be avoided to reduce the likelihood of air CODtaJ&.
nadng the gas.

SJP! 1[. 'Ibe _ COm 1DOD I'PriDRa for injection of fOod eldIlIC1ll into a duo
mateI(lIlIph are 5 and 10 pI. fixed n:ecue SJI'inlIes with !!"bcweI poinD; lIOIIIe 0Iber
sizes may be needed fur spedal purpalel. Hamilton SJ'rinI':s or equivalent are
lMilabIe from aD chromatography IIUppIiets. Plunger -guides- are available _
options to minimize bending the plunger during Injection.

1



AppIicatioua of aoaIyIicaI methodololY require connWeAdon of many facton to
-..e collJ)latl"biJity of method ntepe. The foDowlng IiM:ton rdaIed to exuaction
and cleanup offood samples profoundly intluenc:e accuncy and reIiabllity ofGLC
detenniDalift ntepe.

HeHum. hydrogal, and ItiIrOgCD an: moat collllllOllly uned • column canicc gases.
Purity is always critical to awid dam gr to the column, and more ntrlngrnt purity
requimnentB may be impoted by the detector. Purity specificatious of the inntru
m_t manufilcturer should always be foBowed.

Helium and hJdrogrn requinmentB nugr from 99.999-89.9999" ~!:l::reoo
ing on the detector. E'VeD with the highest purity. oxnsen uapa. from
chro~hyIUppIien. are recommended; tIapI that change color when per
meated with 0J<7iED are ideal for alerting the lIDliIynt to potential problema.

Purcbane of ultra high purity helium and hydrogen may not be nec If if spe
cially deligl1ed purifiers are used. Purifiers are available dIlIl~ UIC of c0m
mercial grade gases (99.995W,) at a much 1_ price•.i1JndIYinK the alit of the
purifier. DiffCIcnt purifiers are needed for helium and hydi-ogCn; they an: not
intcre:bangeabIe. FDA has had 3I1l'O'lllW esperienc:es with:

h}'drogen purifien: Model 560, AADCO Insarumentn. Inc., ac:ar-. n.;
Model 85W. CoonoIidated Technologles. Inc.. West 01_. PA

helium purifiers: Product. HP. Valco Inatlument Co., HOUItoJI, TX;
Model Z-!800. Supeko. BeIIefoDte. PA

Nitrogen is used • a c:anier gas only for pded columna (Sedion sot B). EidIer
nibogen 01' argon/methane (95f.5 or 9Ot-lO) Is alno required • a c:anier andIOI'
makeup gas fOl' the electron capture detector (Section 50s B). Commercial gndes
of thae gases an: acc:eptabIe if oxnsen and IIIOinture traplI are used beween the
gas IaJlk and the chromatogaaph.

501 C: FE.5IDlE AIE7KDOI.tX1Y FOR Q.C CETERMIVATDII
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Some specialty products eDt to fiuililate iJ!jeaion and mjninJiW!~ and
each has found finoor with lOme anaIyIlI. Por eurnple. syriDga withlemcwable
needles pennit replacement ofneedles on which "burrs" have fonned dIlIl clattor
aepaa; removable needles with a "side port point· do not IIhred the aepta as do
standard '-el point nec:dIcs; and syringa with plungers and necdla made of a
titanium alloy cannot be bent.

Pe'g..... aDde-

ReagmtB --nated with GLC inc:1ude coIwnn Bquid pbIIIea and IOIid nuppon1B,
gases used for mobile phase and for detector reaaIoua. and cenain other r gmtn
n:lc:wnt ro detector operation. Mont of thae~~ are dinnllned funber in
pertin_t sections of this chapter, onJr aasen. inclUding filftJ'1 used to leJIlCMe
contaminants from gas flow. are inc:luciecf in this introductolf section.

l£C10I 501
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a "''1"

Sohent estraedon of pesticide raidua aIIIo _ food COiIiMitueDa (-ureatllll>
Uws·) from the sample. Oeanup Itepa are included in residue auaIJ'liaI metboda
to remove co-e:mac:lives tbal ClID interfere in the determinati¥oe step cl the aDlIIysis
or cause daJna&e to the column and/or detector.

For manyyean. predominant use cl the uOJlldeclhe eIec:tron apcure (EC) deteo
tor ""ned justiflabIc concern about potential detector leap..... to~a1
~ In addition, dOCUiilCDted c:aIeI in wbich samp!e cxrexIiidha dam
aged GLC columns and an""" sut.equent bn:Udown cl injcaed raidlM"I IUp
ported the need for exteIIIive cleanup prior to GLC detenniuatioIl [5J.

More recently. aeveral factora m-~~.. on deuup. 1be_1dee
ti¥e GLC detecton now in use m- the Ukdihood that Ample or _
agent artifacts might be mistaken for pesticide iesicIues. In addition, use cl~
iDaty columns, wbich are more ef6cient than equivaJeDtpacked columns, .-.It m
incn:ased peak height respowe for the IlIiiIe amount of anaIyte. 1be UDCMII't cl
extract iJgeaM am thus be reduced without changing the IeftI cl quandllllion,
and this in tum reduces the likelihood ofcIaJiIaF to the GLC SJIieDL Inlet linen
and adapten UIed with eapilbllY co1umJll (Secdon 50! C) aIIIo proride the cohmn
with lOme degree of proteetion from cIatiIaF c:auaed by coatIlICIiva. Fmally.
there are many inc:enn- to petfonn more maI7- with the _ 01" m.u _
sources and to minimbr the wIume of sohen.. that must be fJUId-ed and
diapoIed of. These fiIcton contribute to a trend towanI perfOiming only minlnw!
cleanup ofllIDIP1e extraeilI during routine sundDance anaI,Ies. with the intention
cl cleanup with applicable step(.) if an extraet is found to conlllin intelfedug
materials.

Detector lap<'iIl'C to IlIiiIpIe~ (anifaclI) II sdI pew!bIr _ widt
element«leaiw: deudon. Although a sc:Iccdve deteaor ill _likely 10 rapond
to doemkaDy unrelated artifacts than the nooselec:tift EC delieUOC. wdIlIas COD
llIining an element to wbich the detector responds am sdI inte,feJe with residue
lIIIa1J*. This oa:un _ often withni~ detec:ton beanw cl the
number cl nitrogeJlOUS c:hemiah in foods, but it am oa:ur with any detector.
I i1rrJibood of inted'eJenca and potential for miPaJr_ identity increase with de
ueaaing cleanup.

luufficienily clean _ may aIIIo alrect quantItaliIe IICCID1ICJ' when deteimin
ing raidua that are polar or othetwise sul!fect to~....;z,aethe sites in a
GLC column. Such cbemkall1iSWllly eldJibit poor when SilIiMIatd
IOlutions are itgected, because adsotpdon deIayI 01" inhibits the cbrmiC'lll dming
i.. r ,ge through the column. Peak IaiIing and/or c:baDga in mention times
are caused by adsorption. The net effect is an apparmtly dimjnisboed detector

a



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

response, which is cspedaIIy evident ifpeat height tneMUJ'eIIleDla are UICd ntber
than peat area.

In contrail, when an uncleaned eztnct CODtaining the __ anaIyte ill injedal
into the GLC SJlItetIl, co-extraetiws compete for the coIumn', aethoo litel, and the
anaIyte mova through the colmnn in a tighter cbromafOtll'3llhic bIItld. AnaIyte
concenttation (per unit time) enteriDc the detector thlll ina • and delleCtiOI'
response (peat height) is greater. OlJan!itation by the UIUa1 pnctice (i.e., com
pari80n ofdetector respollRl to raidue and IcfclC,n.::e 1laDdard)~ in c:aIcu
lation of an inaccunteJy high raidue lewd, "'I'""'aIJy if peat heightl are c0m
pared. Quantitative accuracy can be improved for IUch ebemiatk by empIoJiug
more rigoroUl deanup of the eztnct or by UIiDg a GLC colmnn with ee-r aethoo
lites.

An appropria!e b81ance is needed be_ e8icieuq in pt'<" hlleI8JDI)IeI and
accuracy m detennining raiduCl. E-, injected estnet mould :...&idmd)'
dean that it (I) doa notjeopanlize the cofuam beyond the point that k can be
eaII1y repaired; (2) doa not introduce Plhltanl:el that will deRnde co-injedal or
IlIhlequently iJYec:ted raidua; (3) dOCl not foul any pan of the detector, indud
ing comhUltion tube, flame, tadioaethoo -.rce, -.; (4) mjnjmiV'l inlroducQnu oC
art:i&ctI to which the detector wiD respond; and (5) doa not ClIUR a diIptopor
!iODate reIponse enhancement of the reIidtte in the CltttaCt.

R %wtBlag\w

The anaI)'It mUll 8ICCl1ain that no intetfe.ten.::e from I'u;pall and/or gI "we
OCCUI'I dtu'iDJ raidue aaaIyIis. ScrupulOUI auenlion II required to eJlmiuate aD
IUch coataJntDan.... and routine aaa1yIis oC reagent bJaab Ihould be lIpKi6ed in
the laboratory quality _ce pJaa (Section 206).

Contaminants can be introduced from a variety of IOUJ'CeL Studies with the
EC detector haw: identified interferenCel from impUI'e IOhenIl, adMMbeall, 110
dium 1UIfate, gIaII wool, Qilite, bJeader gaHea, laboratory air fi1ten, and poIretb
ylene contaiDen. The more nOllldective the detector. the more JiIteIy h iI to
reIpOIld to interferenc:alalrodueed by I'ezgenll or the emiromneaL A thoruuP
euminaQnn oC the reagent blank iI alro DC' .., for methods that UfC a reJatndy
IC1ectiw: detector. One enmple demonItrated that cbemicak exttacted by petr0
leum ether from a poIJethylene lIlJUeeze bottle anJZed t'CIpODfe byboth m EC aod
a ha1ogetHelec:ti detector [3]. Contrminantr can _ be paticides the.. lies,
prerent on gIrsswwe or miaoliter~UIed in prior analJ-, or prerent in the
laboratory environment beClIUR of pelt amtrol lI'elItmenL

When iatetfereaa:s are diIcoieted and the 1OOnle(') idendlied, every eft'ott IlIUIt
be made to reduce or eliminate the problem. So1venlI can be PQJdIaIed to meet
requirementr 01' may be redilcilled. SolidI frequently can be -heel aad/or herIed
prior to UfC. Section 1(M provideI purity _ and~ for pwifJing Cd'Zin
commooIy ured reagenll; other reagent purlficalioa ptuced_-are iuc:IiIded in
peninent method clea>:iptioDl in Otaptets 3 and 4. SometimeI the method cleanup
steprem~ interfet:enCel added to the IfmpJe during prevlouIltepI, butwhether
tbiI is aa:ompliIhed IlIUIt be detetmiaed by a complete htwr'iplion or the method
reagent bJank.

Equipment mould be washed thorougbly and rinsed with sohent II IOOJl .. po.
lible after UIC. Syringe pluagers and need1elmould be wiped with JiaHi'ee wipers
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dipped in an~~Mmt (&,., acetone), and the buTcllhould be delIDed
bidrawing soMmt through the needle and out the lOp by a vacuum applied to the
top. PanicuIar care should be tlW:n to aaore eJbnination of rakInes &om !I-
ware or syringa prewious1y in conlaCt with high conc:eDtnIionlI of pePkides

Doice of801,_
The SOMmt in which the final ex1nICt is diIIohed _ be <lOj''fM.1hIe with the
detector(s) In the GLC~ 1feP(1). The DlOIt '-ic n:quimnent is that
the soMmt not contain elements to wbichthe detector ielttO"'dII SpeclfYaDy, no
amount ofc:hIorinated SOMml, such • methylene chloride, can remain In exa_
being examinoed by an EC or baJogen«lec:me detector, and no uae:e ofacet0ni
trile can be praent in exttKtI examinoed with DittogeJHelectige cIetec:ton.

Other ell'ectI besides element Ie1ectiYity cause inc:ompItibi1it betA ED~
and SOMmI5. For example, acetoDitriJe has an unespIained advene eft"ect OIl _
sponse of the EC detector, and aromatic: and halogenated soMmts may inctale
detector response of the NIP detector and _tuaIly render it ..rn

Sohent 101atilit.y _ also be CODIIidered when usiDg a delEeelll' that requires a
soJwent venting lime. For these deteaon, the _ 10Iadle pracdcaI sol'em In
which residues are soluble should be chosen to mUllmj., length at _ting lime
and lM)id poteDIialIOll of early eluting aulJta.

Sohent 10latllity has another pntCIic:al eft"ect relaled to the ease with which the
estraet can be conc:entrlled. Hual10hune of CODCeJIInUed exaaa _ be IlJIIi.
dently sma» that the 10hune Injeaed Into the GLC .,aem contlinl .ofticirnt
equivalent sample .,;pt Iiti ry to rach the~ level at quantilalion
(Seaion 1(5). SensitivIty of a patticular detector to residues of In_ SO-DI
how much IllIIDple equivalent _ be iJ!iected, and column type md artIDJFIlH'Ilt
limit the 10hune that can be injected. In cases where a gel"f sma» fina) exaaet
volume is needed, or where the concentration otep IJesins with a gel"f1arF solVIfIlt
1Olume, pranicality dictatrl the choice ofa lOlatile soMmt to minimbe time needed
for concenttalioo.

If exttKtI and standards are Injeaed manuaJly, it islmpetlllhe that each ....,.
develop and Colaw good eechnique in Ifllnge handling and Ample Introduaion
ThiI can be achiewd through pntedce and care. Seventl methodS presently in _
for fiJling syringa and injecting include:

1) A lOltnne atsolwent greater than or equal to needle volume is drawn into
the syringe, CoDmmI by a smaD antOUDt of air. The exaaa (or leCeaeaw:e
standard solution) is then drawn compleldy into the syringe baJTeJ, where

tw......... 84-1(1181I_Rll__

,f



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

illI volume can be measured by JPNIing bod!. ends of me liquid.~
lion is mea made. The inilial101ftnt fluIbcs me extnet or MaDdaId mto
Ihe chromatograph. This teclmique II meued to • Ihe "Iohoent flush"
or "sandwich" teclmique.

2) The syringe II filled by drawing extnet (or IWIdani aoIqriog) c0m
pletely into Ihe bun:1 (i.... nODe II left in !he needle). ToIaI volume is
me mred by reading hom ends ofIhe liquid. IJYeeIion is made. with !he
syringe removed quidly from Ihe inIeL The syringe phmger is wiIh
drawn until wbatewer wolume of liquid remaJns is c:oinpIeleIy in Ihe
barrel of Ihe ayringe. where it is measured • before. The diftereDce in
liquid wIume befOre and after injection is Ihe amount lIClUaIIy iJYeaed.
It is important whea using tbia teclmique to~ Ihe syringe from
Ihe heated injection port • quidIy • pe-ibIe after injection to InOid
any ewporalioD of liquid n=maining in !he .,mage.

3) The syringe is filled to Ihe dainld wIume. Ihe wIume noted, mel 1he
injection made. The volume meuun:d is comiclen:d to be me wIume
injected. This technique incroduces error. bee .... it Iporel!he wIume
in Ihe needle and me volume that remains after injeclioD. The effeaiwe
error can be minimUwl by use of Ihe I8JIle IIOhent for both sample
extnet and standanl solution and by injection of Ihe I8JIle volume of
each.

Whichever irgecdon technique ill chOllell. it _ be performed aqa....v:ihJy. EadI
lIJIlIIyst should chooee Ihe injeaion technique he/me finds _ repaooncibJe and
UIe it routinely. Poor predaion among chromatograms from repecithe injecmal
may be C"·ned by faulty .,mage. or poor lIIIJIt,It technique•• -n • bv iDapJJro
priate lO1ftnti or inadequate llIiiIpIe cleanup. Volume of liquid in the IJI'IIII'e
mould be mer 1Jn:d by holding Ihe .,mage in me _ manner each time while
looting tDWBnI a light badground. The II8iDe irgection trchnique _ be UICd
for holh Ihe sample extr.ICt and Ihe aefeIencr standard to which it wiD be c0m-

pared.

Choice of JaYec:lione ill not I01eIy JJ.ed on pe-.l prefeaUiCle; qpe of
column being uaed ( .. c:apjDary) _ aIIo be COIIIidered.IuJy technique
deIaibed abovoe can applied when u.Jng pKked colwrmL HOWCiU. too mUch
aohent can OiUwhelm !he IIDlIB~ rapt1Juy a»lumD. 80 iJYecIion 90Iume
mUit be limited. Se¥enJ Inlet IJIWDI and injection opcionI are UICd wilh eaplIlary
coJumna to accommodate bod!. column resIrictioDI aDd voJume RqUirementi of
residue determination (Secdoo SOl! C). CoPJliltently goodC"C~ coJumn rauItI
have been achieved with manuaJ injection and me BOhent .....bnique. The
syringe needle Ibould remain in me inlet 1 sec for each IlL injected to &Dow me
preIIIUi'C IlJI'IlC from vaporizatioo of aoliUlti to dWipate,

The ayringe manufacturer'. recommendaMDI for use and aare of !he 'fringe
should be folJowln S,Jinga mUit he kept free of UICeI of lIIIlIIyte. This Ibould he
checked occasionaIly by injecting a vo1ulne of pure 1Ohaat; if the ayringe is clean.
no peab ocher !han 1he BOhent peak will appear.

A.,,'........
The bat injection perfoamance is achieved using an autoJaYec:tor (aIIo called
antl!ll!UflJkr). Various commercially avaiJable autoinjecton can be Interfacecl wilh

,_........'('11I41 501-7
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GLC systems. For normal VIe of autoinjecton, em- IIJIll ttmdanIlOIuIiom~
placed in dispoIabk gB"9iaJI wilb wpoMigbt Ieptum c:apa. The awoinjec:r« __
the syriDge completely and iealOUD air bubbles by pumping atI..... (or andml
IOlution) into the barrd. It then clra. a preciIeIy meaaUftd 90Iume of so1udoD
into the barrel and iJYec:1II it into the c:bromatognpb. Betlieea iJYecdo... the
autoinjector flulhes the needle with~ solvent 10 dean iL Beyoad the
iIJIprow:d rcprodua"bilityachieYed with automjecton, their VIe penni1B un8UftMled
operation or the chromatograph and frcea the cbromatognpber 10 perfurm ocher
tasks.

501 E: I'fJDL/IXESTIWDAFl£6

Section 205 provides infonnadon on pcsdcide and•• The~ of re1i
able lIlliIlClaiU IOJutiooa to accurate pcsdcide aDlI1yIcs cannot be otei"...oh.......
Solvents used for GLC liIlIndard IOlutiona are ...~ iO the _ requln:mcnts
and limillltions Ilstcd abo9c for ditIlIClL

The quality -.uanc:e plan for ana1yIes~ GLC deienninalion IbouId in
clude routine injection ofa mixed ambrd IOlutlOn. The mbaurc sbouJd include
compounds nonnaJly used as marten for _don time and I'EIpOIDE and IbouId
also include compoundl prone to adIorption or dcarad:' VuJnerabIe aIID
poundl_ • indicaton ofproblemI dcftlotHnlE in the .,.wu; ..,.. the .. _
ofp,p'-DDT in such a IOlution __ 10 alert the 8naIyIt when dzsradatIon 10 p,p'
TOE occurs. GLC systeiilS used for dcterminalion of orgaaopbOlphorm or other
polar residues should be checked with a IOlution that indudcs, at a minjmnm,
ml'thamidopb... acephate. and monoc:rotophOl. Rapome 10 acephaIe DIll)'m.p.
pear in systeiilS that contain 100 much glass wool, and i'eI(.iOUC iO mnbamk!ophoB
iiilIIf not be seen if it elutes with the IIOhent front or ifcoIuma pecting is ofpoor
quaHty; both these limationa can be~by monitoring the .,.em with r0u
tine injection of an appropriate mixed ...!!rlard. Frequcnc:y of injcaion ofmbed
aandard. at least twice during an 8-hr period, should be IIpCCificd in the quality
_ceplan.

For beat quantilati9c raul....cference .......arda sbouJd be diwuhed in the _
IOlftnt that is used for the final I8IDPIc exu..... In addhim••efauw:e IIPNIprdl
sbouId be injected within minutes of the sample coutajning the l'CIiduc(a) to be
quantitated, atid iesponaca to rEIidue and llaDiiard IbouId mardi within :l:2Sw, fiJI"
acc:urate quantitation.

[JJ ,g_flant PraeIiar fur Gas Clu I""'"T_ ..Re'# as'1 , AS11( E~
77. reappoved I98S. ASl'M, PhiJadclpbia. PA

[2J Jenninp. W. (198'1) Au¥ " Gat CIt: df,..''J> Academic rrc.. 0daDd0.
FL

[11] Bwte.JA.. and Giuffrida, LA. (1964) J. A-. OJ/. Ape. C40aL 47. 326-M!
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~ Sperifto .'!mM
Dacriptions ofGLC columns and operating conditions mUll ..-H', the foIIowinI:
type of oolumn (packed or capillary); illliength, In meten (or feet). and internal
diameter (Id). in mm; identity and amount of~rf;-; identity ofeolid~
port, including pretPaDDeDllI and mesh size ( columns onlr); operating
temperature; and carrier gas identity and Bow rate.

UquId phases used in GLC are viscous materiIIIa able to be thinJr diIpened OIl
solid suppon or on an inrernal column wa1L Many differdlt liquid phases are
available. but reJamdy few are in routine UIe for pesticide residue detenDinatioo,
because: peRidde residues UIUaI1y either cbromatogntph on one of these phases
or are not amenable to GLC. The chemical suucwre oL the JIIOIl CODlDlOll phases
colJliats of a poJysiloDDe badbone with various lIUbstituent groupe; Figun: 502.
iIIuItratcs ..-raJ of these.

Liquid phase polarity, Imponant to illI •OIl capaNliries, __ with poJuilf
and concentration of-tlwtjb1entgroup~the pol7liJolane. n .... in IeI1DI of
polarity, metbJl<5'J, phenyl<cyanopiopylphenyl<!iO'" 2heny1<cyanoprop The
l00'J> methykubslituted phase, least polar of thlllle in l'lgure 502-«, is belt IUited
to separation oL nonpolar lIIIlIIyla; it bas beeD used for many Jan • a amenl
purpoee pbase for a wide variety oL pesticide residues. The phase wiill 50'1
cyanopropyipbenykuhltibJtion is the JDIllIt polar of thlllle shown and is a better
choice for more polar anaIyte!.

In all GLC columns, identity of the liquid (1Wionary) pbMe is !he primary &<:lior
dictating what separations are acbievable. Carrier pi (mobile phase) ia aIIo inee
graI to GLC operation and IDUIl be included in any div....on of columns. How
ever, only inen gases are used • carrier gases, 10 few options eDt. 0peraIi0g
parameten that afFect column efIIciency, including column temperature and CltI'
riel' pi identity and Oow rate, provide additioual variahIa that can be~ to
acbie\'I:: separations required for the lIIllIIysis.

Separations among aDalytes in GLC are~ within !he roInmn AlIbough
choice of detector dictates which class of aDalytes can be detamined, lndivlduaI
detection and measurement oLmultiple analytes would DOt be JM-Ible without !he
separations provided by the column.

Columns are available in aeveral different phJsic:al confipnuioDI, each oL wbidI
offers ad9an1agel and disadvanlagel to pesticide ruidue deu:rmInation. 1be two
basic typa_oL GLC columns CUl'nmtly used in pesticide residue determinadon are
(1) packed c:olumoa, in which liquid phase is immobilized • a film on putidelI
oL fine mesh solid support and packed into 2-4 mm id colum.... and (2) open
tubuJar capillary coluJDDs, in which liquid phase is immobilized • a film on the
interior walla oL a capl!Jary tube. Capillary columns are further diltinguilbed by
internal diameter. wide bon: (OoM mm id), traditional (O.25-0.S2 mm id). and
narrow boR (g).%5 !DID id). Each type oL column requires IlDique hardware and
openting parameteR.
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The foI1owing coIumD characteriIIics or parameters lift: c:ommonJy UIed ro de
saille chromatographic behavior or to IIIelISUl'e column perfonnanc:e; raminol
ogy of these par.uneten is iDusll'llted in Figure 502-b. EvaluaIion and c:omparisoD

GLC columns 1IR always heated to a Iempo_ at which analyta n:maIn ina:e r pbaIe. Both iIothennal and~ operadcJD lift:
• • Ule of capllary columna with • is 1waMning

auangl)' common. but this operadon~be~'1.~ in this
chapter becauIe IDA has not ~I YBlidated illI _ on an~ ...
Maximum operating tl:IIIpeJ'atlUa WI)' with specific Ilationarypbws; infotmerion
on each is provided by the manufacturer. Ina ingIy polar IIlIIionarypbaIes (..g..
CJ'aDopropJ'Iphenyl) hIM: ~!fiamdy lower maMi"'lIin openIing1"111"=_ than
nonpolar phales (..g~ 100 melhyl). In _. '''"mow operaang le"iJ"t'IUUI'C •
UIUaIIy 20" C higher for temperature prosramming than for lsothennal wort.

EquNalent producIs suitable for different coIumD CODflBundoalllR oon_dliIly
av8iIabIe for _ COIIlDIOIlIiquid pbata; Table 502-e IiIla IOIDe ofm- .......-

Although the table rd'en to liquid phaaa th-m:., _ patkide residue J8b.
oratories no Iouaer IlUl'dJaIe liquid phMa as IIIlUeriIJs for JIIqI8ring~
in-h0Ulle. Inoread; Jaboratories that _ JlIICUd coIumnI UIUaIIy JJUICb-e themtIiW or at IeaIt purcbate priing material pit?' OI'led with liquid phMe.

lie laboratories always purcbase collllDetdally pRpU'ed 0Ip'1bry roIum"

The liquid pbale for a particular anaJ,- is 1eJecu:d ro lake lIIhantap of difl"er.
encea in chemical and Ccal properties of the analyta lmohaL No one liquid
phac: is uniwmIaJIy app . e to the wide~ of chemical~p-
ties found in pesticide residues, 10 a wriety of Jiquid phaaa of· t poJarides
should be available in a residue laboratory.

For pried columna, the amount of liquid pbaIe. often called -uqmd ..... ill
described • a pen:enlllge. i.... wdaht liquid pbaIe x 100/(weight liquid pba8e +
weight solid IlIpport). }"or open aibuIar co1umDs, the amount of liquid pbaIe is
described as film dticl:n... (JIm) of the Iaya" of liquid phac: bonded ro the inle!'
nal wall of the column.
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TBbIe 502-8: Common acLiquid Phases Used in Peet.icide Rs . ill'
Detsrminstion

........c '.,,&: PH .... ' .r

PolyUIoxane, 100$ med>yI DS-l (ht), UN, UP-lOl, OV-lOl, OV-l,
007-1 (MS), SP-!lOO SNlOO, DC 200,
SPB-l, 81'-1, CI'8il5CB, CI'8il5, SE-3O
Ultra I, RSlrI50, RSlrI60,
RIll-I, SP-!IOO, CB-I, OV-I,
1'&I,SE30,AT-I

PoqI:iloane,5O$ phenyl, DS-17 (ht), HP-17, 1'&17, OV-17,OV-ll,
50$ methyl 007·17(MPS50),AT~ SN!!lO, OV-22,

SP-2!50, Ra-OO, RSUIOO 00710

PoIyso1opne, 50$~ DH!!i, HN!5. OV-m. OV-m
phenyl, 50$ methyl SP-233O. CNII ecB, llSLMO,

Ra-!25, BP-225. CB-225,
PE-2!5, 007-!25,AT.ft5

PolJIiIoDne, 14$~ DS-I70I, SPJI..7, CP-8iII9C8, OV-I701
phenyl, 86$ methyl RIll-I70I, BP-IO. CB-1701.

OV-I70I, 1'&1701, 007.1701

PoIJoiloDne, 5$ phenyl, DN (ht), HP-6, VllIa-!, OV-a, OWl!, CP-SiI8
95$ med>yI OV-6, SPB-6, Ra-6,

CP-8iI 8CB, RSL-2000,
BP-6. (;8.6, PEO, SUI,
007-!(MPS6), SEM

PolyliloDne,5O$ IrifIuoro. DS-!IO, RSlr4OO, SP-!401 OV~IO, SN40I,
propyl, 50$ methyl OV-2Ot, 0\'.215

l'ol)ethyleDe stJeol DS-WAX, IW-!OM, Cubowat. Cu"""!OM,
Supckowu 10, a-WAX 52CB, Snpeko-u 10
SUPEROX n, Slabilwu, BNO,
CB-WAX, PEGW

DielhyIeoe gIymIIlMTin_ No equioaIent DEGS <_Ioapr
produr:ed)

1 Ownmen:ial codeab'adl..eerial areJdIRd 110 their......' d.

007:~_-'cr

AT,lISl. SUPEIIOX: AD_ AIoo ' .. Inc., Deafidd, n.
BP: SGE, IDe.,AuIlin, 1X
eu........ U_OorIlideCarp.
CB. CNliJ.CI'WAX: au-pu.__BV................The Nedwa...
00: DowComiD(Carp., )C:d!ond YI
DB: J.t:Wl!c!rptlfjr r-.a
DIGS: AaoJaIIo, IDe., New-.cr
lIP..... UIIn: HewIe............. Co., WlJ • "-" DE
ov: OhioVoIIeJSpri"",Oormjro: Co., Iforioaa,ORn: Carp.,NorwoIl:,cr
Ila,SnJi, _Corp., 1lc!Ww>.. PA
SE: GenenlIIeclrit
SP, SPII, ..... SuJ>dco-: Supdco, IDe., IIeIIof'aate, PA



e.,.It)' 1'1dIw. Capacity factor descrihea the retentive behavior ofa sunp1e c0m
ponent relative to the "retentive behavior" of a nonretained cumponent. The

Relative retention time (m) at an amtIyte is lhe ratio of ill couected mrntiOD
lime (t'r) to the couected retention time of a -mad=" (rc:te.e«e) «»m(MMlad
The peSticide cblorptdfOl, moJecuIar formula c,H1~~ is .-I in d1ia
manual _ the marker compound for ~ems, it c:ItrcJuwUJtpap
wdI and conlllinl all the heteroatolJlll to aeIecme GLC del:«ton rapoad;
retention times reIatM: to chJorpyrifcJs (JTl.) for many pestiddeI and re1BrecfCOIJto

pounds are lilted In Appendix t PESTDA"tA.

For the _ (<< equi9alent) 1iquid phase. m of an lSDlIIJte II~t of
column type (packed us capi1IIIy).1iquid load. column 1eDgth. or camer.. Sow
rate change. The mo for a particuJar IiqW:l phase -r significantly only with
column teDlI"'ranue; m.s in Appendix I are wIid only at the ternperantre sped:
tied for each column.

Analyte retention lime depends on the _ to wbic:h the lSDlIIJte is maiDed by
the particular IWionary phase UDder II given let of c:oudilioDL Ilefentioll time is
constant when column temperatUre and carrier gas flow are CQNQDt, BO this
dwacterlsIic is the GLC measurement that Kne$ to identify the maIJlr, it CIIl

be mealllred~.in seconds or man~ ~ mm from the~
chromatogram. Retenuon tilDe measured from mjeCllClll to peak ".,""WII •
often aJled -ablolute retention time.-

1ii••,......... t111MJ_RIl__

P 7'''' 1iIB; • wi MInJII VaL I

of c:oIumDs CUI be~ OIl IlIdl
parameters. More detaiIecl cIiIcu.
lion ofpanmeccra and c:oudidoDs
affecting each are found in any
tBic cbrmllptc 'lPaphy IaI, lOCh •
thoee lilted in SecDon 505. JIibIi:
ography.

t'r

Figure 50lHI
GLC Column Pc Wi , •

-Ib,""wd
• .,. .... 11IIe. The IIlOIl hIIic
mea.uemeot in cIuomatography
is mmrion time, the time beG:em
Ample introduclion and elution
of the lSDlIIJte. m llred at the
peak II... jmUID (t. ill II1pR !i02-
b). Rctcnrion time is correc:Iled Col'

coum..., . lI&'b1.......rran_..._ the time required for a DOD

IlI1ld'O'libIIIgI."pI'iIlU:edbfthblCXUm. retllined solute to rach the de-
teetor (an). often called dead time

or holdup time. Corrected retention time (t',) is the dilreJe«e beM en t. and ...
Forpnctia:l COJnIeIlience. the peal caused by the sohoent is used • the IlCIIlI-etain<i
solute ill pe:stIdde residue determinations.

Absolute Mention time is alfec;ted by many column conditioDl that CUI -r.
illducting amount of IiqW:l phase. temperature. carrier .. flow rate. cobunn
length, and systemwlume. Thus, abBolute retentiOll lima are InIu8kiently repro:
ducible to Jilt ill llIb1es ofdata intended to aaiIt an lIIIa1yR ill identifying anUytes.
Instead, "reIatne retention times- are caIcu1ated and lilted, be<aliR they are
far more reproducible from day to day and lUDOIIg dllferent inlaumentl or Jabo.
ratories.

SECIOI 502

502-4
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capacity factor of an analyte depends only on the time the analyte lIpCDda in the
stationary phase. which is, chromatoRraPbicaIJyrking. far IIICJn impcHllIDt than
the time spent in the mobile phaae:- The capaaty factor (1) of an anaJyte is c»
cuJated from anaJyte retention time as k = <t.,-t.)/t•.

(Capacity factor should not be con1Uoed with "8lIIIIpJe capacity: which cIeIcribea
the maxi!ll1JJll amount (,-g., 50 ng) of an anaJyte that can be iJ9c:aed 01110 a
chromatograph befo~ column overload oa:un. Co1umn sample apadty depends
on percent liquid load in packed columns and on column HI and film tbic:knaI
in capiDaly columna.)

Sd Ii". Slationary phase sc:Iectivity is limply defined .. the ability of a pbaIe
to diff~ntiate beaRen anaIytes in the _ injection. The~h=m is
technically not interchangeable with polarity [l]. A polar coh.mQ WIIf e • W!IJ
poor selectivity for a particular chemic:aJ IpeCieL In pen), nonpolar II!lltioMry
phases exhibit greatest selectivity for nonpolar anaJytes, and polar IllIlionaryphaIeI
exhibit greatest seJecmity for polar anaIytes. Selectivity of a GLC IJIteDI is defined
by both the stationary phase and the anaJytea. In the literature. IIdeetivity (a) is
synonymoua with separation factor. reJatnoe ~b!IItion. and seJeelivIty factor and is
calculated as ks/k",wh~ ka and kA are capacity facton of two acij.......~ peaks. In
this c:aJcn1ation. a _ always ~1.0. but a oepamion factor of 1.0 indic'l!tr!l that no
separation ill pn-"bIe in that IJIteDI [2].

R_eIgtl. Resolution is the degree of separation between two c:bmmat0ll1~
peaks and is ~1ated to time (capacity factor). sek<thity. and etJicieDcy. fu.m
able information about reaoIution and ila~ parameten is lI9ailabIe in gawal
textboob on chromatograpby. For praclic:aJ purpoeea. WALiU. it ill enough to
know that optimizing selectivity by choice of stationary phaae wID optimize Rdu
lion. Despite the importance of column eflic:iency in analyzing c:.ompIes IaIIIpIea.
especially at low 1eYeIs,in~dIicienc:y will not I01¥e all aeparadon problema
and often wiD only increase • time. A different c:hoice of ocatiouary ph.-e
may IOhe a n:soJution problem IIICJn easily than a longer column wlJI. Rt:8oiutioo
is consid~ optiml7ed when calc"lated k va1ueI range between ~IO.

Ell! '-"Y. In quaJitathe termI, column efficiency re£en to the degree to which
injected anaIyte is able to tra¥eI through the column in a narrow 1luKl ViIuaIJr.
a mo~ d6dent column produca nanUiiea". s1w'per peaks on the ebromatognun.
The more efficient the column. the better able it ill to reI01¥e anaIyta that elute
close to one another. Greater e8iciency resuJIB In greater Iignako-ooile Jatio and
hence inaeases sensitivity. Efficiency is measured quantitathely by c:aJ....laling
theoretical plates according to the formula

N '" 16 (RT/w)1

where N '" total theorelic:aJ plates. RT '" a1B)1ute retention time In mm, and w •
width ofpeat base in mm, m! [[ured .. the distance at the b [ line bet\4een JInes
drawn tangent to the two Iides of the peat. The anaJyte on which tbeoRlic:aJ
plates are c:aJcuJated m_ be spedfied. t>eo ,'r coEllJlllrisons are only l'aIid for
anaIytes eluting at the lIatIlC absolute retention time. CoJumn ellidenc:y can a1Io
be expresaed III height equiYalent of one theoretic:aJ plate (HE'fP). i.e.. column
length (cm)jN; using this expn,saion. amaIIer numben lepresent more c:l6dent
columna. Calculation of tbeoretic:aJ plates/column length permilS compiIlioons of
different length columna.

•
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DuriDg _ of the over M ,an of GLC UK In JM"'iride RIidlIe detemdnatlon,
packed column GLC prevailed II the 0Il1y pIlIClic;al option. During early~
ment of open wbuJar capiDary co1umDa, when 0Il1y tnditioDal ..1Iaria wae
awiIabJe. pacW columns olfe:ted distlnct adwolllgeS In _ of me and apacity
for Injection of larger "VOlumes of extract. Current _u-m:r of wicIe bore capi1
lary columns bas revened the trend, huwe.u. and me packed columna is
diminjsbing..

Packed columna lIliD olfer advantageS In _ of jmbJJ.tion; no additioDal Inlet
adapten or other oped.li....t budware are needed 10 jmbJJ pacw columna Into
chromatographs designed for packed column operation. Packed columna an aIIo
lIliD withatlmd repeated Injections of exbact better than capiDary columns. How
coer. recent iJnpr'ovementa In inlet iifIICCDIS and opemIing pmuneteJ'I for wide
bore columns haft Inar r cd their capacity for Injeaed emaa. Combin~wiIh
the innately greater efficiency and lnertDCFI of wide bore columno, these impoo.e
menta are enCOUIllging the shift from packed 10 wide bore columnl for routine
UFC.

Packed columna consist of pamn, material made by OOIrJng Inert IOJid IIIfPO"l
with a thin film of swionary liquid phase. p. or metal tubing to conC8in the
packing matUiaI, and .,1aniU'd p.1OOO1 pIup UKd to hold the packing material
In place within the tubing.

Solid lie....... The solid suppon in P!'"ked GLC columna provida a Ilqe Inert
SUJface onto which the stationary 1iquid phase is depc_iled • a reIad\lely unifOnD
thin film. Solid IUp)lOI't should provide .. IarF a SUJface area .. po-'Ne and
should Interact .. Iitde .. poMI1JIe with anaIytea. DeIirahIe plopenioes of IOIid
supports are IarF SUJface area per unit wJume. cbemkal matnCFI 1Il high !em
puatures. mechanicalllreDgth. thumallllability. ability 10 he WCUI:d unifonnIy by
a I1lIlionary liquid phase. and ability to hold a liquid phase 1ttODgIy.

The _ frequently wed IIOIid supports for GLC column pactio. are derived
from dia'ClIIIlM'eQUI earth. The lItnJc:tUre of the cIiatomaalouI earth ••• i IS CIICD
tiaIly ofthree-dimCDIion Jattkes conlllining silicon with aethe bydroJtyI and Ollide
groups on the sw1iIce. Untnlaled cIiatomaceouI earth bas c:ouiderabIe IUJface
aetmty thlIllIIUIt be reduced before it becomes a '''itaNe~nmaterial S-
en! cechnIques baoc been wed to deadiwte the ItIIfaa: activity ofdia __
eanh. MOIl fiequently. the diatomaceous eanh is arid •n ,bed and then ulani....t
with an lJIUlt such .. dimethyIdic:hJo.

Dift"uent ClClIDIDCtdaIly aftiIabIe IIOIid supports and _ dIl[aent Jocs of the same
IUp)lOI't may baoc different ItIIfaa: areas or variations In lnerbtCFI wward particu
lar analytes. Unpredictahle behavior among solid supports provided the impelua

T.............tttJ84JfGno _
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for _ Jabora1orieI to pun:bue JftCOlded .P!'"klngo Variations in IIOIid IIqipOtt
activity are of greatest concern wheD detamiDing pesddde residues that are diJ.
ficult to cbmlDlltotllllPh. bec:auIc such aoalyta are easily adIorbed or depaIkd
during cbromarogrBpfay. AdIocpdon or degradation ofan lIIIlI1yle OIl a poor qual
ity solid support can affect the relatM: retention time of the lIIIlI1yle and the me
and shape of the reauldng peat. 'The _ inert solid Alpport materiallMiJable
should always be used to prepare column pectinI!'

Chromatographic IIOIid IUppor1I are available in • YUiety ofmeah siza. A mppon
material of 80/100 mesh contains particles that will ... through an 8IHDeah
screen but not through • lQO.meah ac:n:en. Experimentl haft shOWD that c:oIumn
efliciency impJOn:s as IOIid support meab number ina eaiel (puticle me deu eu ea)
[5]. HoweYer. to maintain the _ gas flow through a column. artier gas pres
lUre must be iDa led as lOUd suppo~puticle me ckcn a el Mesh me of 100/
120 _ shOWD to produce opdmum efficiency for • 6' co1umn of. mm id..~
UIliDS oW' long and 2-4 mm id, filled with column paetinp ptepued from 80/100
or 100/120 mesh solid aupporta, are routinely used for reaIdue dc:tellliillationo

Uquid .... u.L No matter what liquid IlaIionary pbaIe is used, liquid 10lId
intiuences column efficiency and capacity (amount of aampIe emact that can be
if!iected onto the column).~ materiala with Ioada ranging from <1 to 5....
are roulinely used for pesticide residue detenninalion.

liquid pbaIe load can be wried without changing re1adwl retention Iimea of
compounda ifthe _ column temperature is used. At the _ column lellif
lUre and gas flow•• column with Ieaa liquid phaae will aBow compounda to elute
more quickly than a higher load column. Canier gas flow can be Io_ed wheD
using columna with lean liquid pbaae to permit compounda to elute at appaoai
mateJy the same time as from higher load columna opented at higher pi fIowL

Laboratoay ohaertationa indicate that compounds with • tendeocy to degnMIe on
or be adsorbed by a column are more IiUIy to do so wilen • lower liquid pbaIe
load is used, probably been'" the lower load is Incapable of COidIntJ aD IOIid
support aetift nita. In these caaea, lIIIlI1yle retention time and peak me will be
alfeCted, as deacnDed above. Raidue anaIyala ahouJd be aware of the pitfaDa oflow
load columna when dealing with compounda that are easily depaIkd or adsorbed.

Cc+-n TaIIiDI. AImoet all columns used In peaticide reaIdue deteamIDadoaa are
made from gIaa mblng. Although some pi c:bromatoKnPba requiae metal d
IIJDJII, so many problems occur with metal that they alioUld be lMIided. In the
past, new gIaa columna had to be cleaned and ,,'an!zed In the Iabonrory to
remove any reaiduaI eauatic materiala and to cIt:w:tivale the column. Today. IIlCIIt
Ida- columna are .."Janj7M by the -macturer and are purc:baaed rc:ady to _.
fnadt:qUate deactivation ofgIaa columns can ClIIIIe peat tailing due to~
or degradalion of the sample or aaandard on the aetift aitea of the column IIIeI£

G'- WoaL e&a. wool for _ in GLC coIumDS _ be tiJanhwI to r.Ciwt
compound adaorption; preaiJanired gIau wool ia available commercially or
ailamzarion can be performed by the 1aborato~:l::aniWlIll- wool is
aIwaya used at the outlet (detector) end of a to hold the paeting
material In place. ClaM wool can abo be used m the inlet end 01:. packed coIumn.
but opinions wry about the advisability of this practice.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1502-8
I

Used in the inlet end of a packed column, gIa. wool can came IlIIsorpdon or
degradation of certain 1ICIISitige compounds. Problems with noruWIy lIlafJIe c0m

pounds can aIIo occur when deposits of IlIIDple coe&tIacdiU collect 011 the gI.
wooL

In particular. when depodlB of fatty exa_ acounuJate at the top of the coIumD,
anaIyta in sublequent injections can be panIaUy trapped; emm in residue
quantitation raulL FJirnination of gI.- wool at the inlet end of the co!umn ..
pean to minimi" this problem by allowing injected e&e'ItI'aCtiiU to iiJllead .-r
a portion of the column where IUblequent analytes cannot be trapped 10 readily.

In other ClIIfS, gI.- wool in the inlet end of the co!umn mat:ae.eat the npid
deterioration of columDa canoed by iqjecting coe&tIacdiU fatty tOodu or
other commodities that are dilliaJIt to clean up. Co-emaaiiU trapped Oil the
gtaa wool plug can be eliminated by repJadng the plug, ao easier. quic:bI'. and
leas "1""'- process mao replacing the packing materiaL

Chooeing whether to _ gI.- wool in the inlet end of the column appealS to
depend on -rat facton, including type of packing material UICd, CO'D"'Odity
being lIDlI1yzed, analytes of interest, type of dekdor. and method of ..w,a
Experience wiD dic:we when the advanJagea of gtaa wool in the coImnn inlet
outweigh the disalhaotages; a laboratory~ to locate the soun:e of po&
lems in a GLC determination should definite1y un-tigzte the eJrects ofgl.-1IIOOI
in the coImnn inleL

Accep!abIe techniques for pad::!~GLC colmmw are de-iped to &n the
coImnn with as much packing as~e (i.... to pad the u.IaIaI as
tightly lIS poaible) while breaking the fewest panidea. Column effideDq' ina f. f.
with the amount of proped, coated IllppOtt in the column. and adsorJlti- and
degradation problem; are minimin when careful baodling of the packing ..ae
rial creates the fnat broken (actige) sites.

Poor p8Cklng technique QlMelI Uible difl"eJenca in coImnn pamalll8lKle (em
cienc:y) and Peak 1JIDIIlCbY. 1.ooIely pried coIumDa or co1uDiDa coataining IIlO
little column packing are iDefficien\ and a came of InadequaIe ICp8IlIIioaL On
the other hand, a coImnn packed IIlO tightly n:quires aceaiw: carrier pi! pr
lUre. which can rault in the coImnn becoming plugged with broken putidea.

To pad a gtaa column:

• Insert about l-r silanbrd gIaa 11I0OI into detectoI" eud of column. IiIr
enough from end to paeueat packing material from eztrnding into det£c.
tor t.Ie where temperatures are UIUa1ly much higher mao cohUDn oper
ating temperatun:.

• UIC rubber robing to connect detectoI eud of co!umn to,.,.,..mm IOlDU
(aspirator or vacuum pump); aaach funnd with shott piece of rubber
tubing to inlet end of column.

• Apply partial vacuum at detector end ofcolumn, and slowly add prepared
pacldng material through funneL
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• Connect nl1ll on column to UMleliJ'O""'
ing banIftre on iIgector and cIeteccor.

• 11ghren -=II nut finFr lIpt.

• To teal ferrules. alternately dghten
detector nut and_~~r nut ualng
....ncJani wrench, IOIlOWing iJIIIauaioIII
provided by femJ1e manufacturer". Un
evenly uened pi ~ I 2", OIl either end
of column may twill and break it.

• Tum on earlier gas (!O«l mL/min) and fIuab with gas for about 20 min.

In modem GLC equipment, gIaa c:olumns, fiDed with p8ding material, are con
nectM direct1y to the detector (metal) and iJgector -(metal). an art'llJIFIIIeDt
that eliminates dead space in the IJSICDL The availability of ferrules that are theJ-.
ma1ly stable at high temperatures makes these~COJJl)~
and eliminates problems once undated with aueb connec:dona. F' with
these capabilities include thOlle made from VespeJ. graphite. or VespeJlgraphite
mmure.

• Tap column gently while adding p8ding mawial, to eettIe it 88 tightly
as pOlISible; do not use a vibrator to help seltIe pacHng_

• Continue to tap gently along entire Jength of column while adcIing
more packing. unlil column is fuR or within I" of being filled at inlet
end.

To reuse a gtass column:

• Remow: old packing.

• After aD oxygen has been flushed from column by flow of carrier gas
(and not before). tum on column oven to heat column.

• Rinse empI¥ column ..../X_i'ldy with 5% poclIiiIium bydnDide/~
nol and di1ure hJdroc:hloric acid.

• Rinse empty column thoroughly with IlJCCeIIitN: poniona_. alcohol,
and ethyl aeewe to eliminate accumuladona of 1iquld phase and/or
sample~ from column wal1a.

• Dry empty column before repading.

' ......atIon ofPadred CoIIuBM

To insIaIl a gtass column in the chromatograph:

1AI;a ; .rI~ Mo ......._a.-M-1_Dlbm _
'1BBnI
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Column deterioration during use ill - often _ned by inadeq-..=t
of samples injected onto the column (lee Section 501 C). EmK1S of •
COIItainjncrlarge lUIlOUJIlS of&ls or oils (&,•• daitypmdum, mimal.-ue. and fish
oils) are dimc:ult to clem up thoroughly. IJgection of nC"C'llige lUIlOUJIlS of oily
estrlICt can cause Dauenible ""aauIr- to a GLC cohmm. Way CIt' coloted matuial
c:o-arac:ted from nonfatty foods may abo damage the GLC cohmm, but this etreca
ill DOl as aeadily appaaent as that caused by oily c:oa:Jiaethu. Can: shoald be
taken to minjmbr the amount ofany CO'CStiaCthe material injected, iDclnding the
use of addidonal or alternative cleanup tec1miques whUl origlDal cleanup ill inad
equate.
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• ChecIt connections for leaka after embJiobing c:anier pi flow.

During jnstaJIptloo. alwaJa hold the bottom of the column for support. Do DOl
moerdghten the nu... which can force the column apjmt the bA,m=::~
tor/detector and break the cohmm. Refer to the lnsuuclion manuals • by
the insuument IIIlIJ).Jfaeturer for more specific iDltructioas OIl column iDItaJIa.
lion.

C'.oIIditioaIDc ofPadrecl c:oa-

Coh'mn "bleed" ill degradalion ofItlIdoDaty llquid pbMe tIw ClIUIeS a~
signal as the detector responds to ilS praence. Column bleed oa:un in aD c0l
umna and ill not in ilSelf a symptom ofdamage. BONCia.~ CIt' me. At
bleed, seen as a rille in baseline. may be camed by damage to the cohmm. Bleed
ina! IIIes when the column is operated at higher tunperatura, and he .. may
be caused by operation at temperatures higher than~ for a panIcular
stationary phase.

To minimize column bleed, newly pKJrrd columns IIlUIt be conditioned hefoI'e
they are conneeu:d to the deleCtOr; condilioning JlUIIa wIatile ".It:::: tIw
could contaminate the deleCtOr and produce m unsteady basdhe. ~

ditioniDg imoha healing the column above normal openIing tempuaturea for
an extended puiod prior to ilS use. The column IIlUIt not be connec:IIed to the
detector during conditioning. In moet cases, a normal carrier pi flow ill~
tained during column conditioning. Escesshely hlgh condilioning ,eRjIWi_1S
wiD shorten column life.

Minimi' column bleed by conditioning ill _tial to good opuaIioD.lf llquid
phase iII":feeding from the column. fn:quent detector cleaning wiD he _ ",.
sensitivity of the GLC IJIleID wiD chan... quantitalhe relIU11S wiD probably be
affected, bllIelinu wiD drift, and good quality chromatogrllllll wiD DOl fie obIaiDed.

"StabiJixd" llquid pbMa are desianed to be more thermaDy stable than their
nonllabiliud equivalen... because they bleed less at nonnal openIing cooditioaa.
Howcia. conditioning of atahiHud pKJrinp ill atill required hefoI'e __

Cooditioning piOc:edures YlIIY with the type of column pKJring and are psovided
by the manufacJnrer in theIi_supplied with the pKkiDg,

ItIidUM....... of.....C.,J, ,,-
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No matter how rigoIous the sample cleanup, lIODIe accunndatkm of roa:llaeti_
on the column will occur. To prevent column deterioradon, the column must be
periodically cleaned. Packed columns 1IR molt often cleaned by lemoving up to
IeYel'lI1 indies ofpacking at the inlet end rL the column and replacing itwith new
(preferably conditioned) packing. To pe1form this operation:

• Turn off column oven heat and permit ovm to cooL

• When ow:n is cool, biiD off c:anier gas and lemote column.

• Remove contaminated packing with cIitpcGhIe Jlit'et Oi' other devic:e.
and swab inside of gfaa column with acetone UIIIIg pipe cleaner Oi'
other appropriare de'lice to remow: fatly dep<ocits Oi' other IiIIlUix c0n
tamination that Iunoe adhered to interior column waIL

• Add fresh packing to cohimn, in _ way described ahcwe for packing
new columns.

Column pe1fonnance must meet the fuIJowing aired. for _ICC fA pestiride
residue derermination. Euct pe1formance will vary IOIIleWhat as the column ....
but minbnum aiteria should be met through its lif'etime; when the column DO
longer meets these ItlUldardI, it should be replaced.

Some of these aiteria reIare to careful column preparation and conditioning and
1IR important to died when the column iI new. Others reIare 10 the potential for
gradual column dererioration and contamination during UIe. Some other pan rL
the GLC system may be rcsponaihle for the system's fiIiIun: to meet criteria, 10 aD
pans should be examined when the system is malfunctioning.

I) Chromatography of selected compounds should .-.It in • single .,..
meaicaI peak with no 1m:aJrdown. Endrin frequendy c:Junugt.'tPapbs
as lWO or three peaks when columns an: not .,isf¥tnry. and methOK}'"
diIor breaks down to its olefin. DDT deteriorates to TDE or DDE Oi' may
be lost entirely on • OODtaminated column. None of these conditioDS
should be tolerated.

2) Peak resohition of selected compounds should be complete. FOi' el(

lIIilpie. dieldrin and endrin can be aeparaIed from ODe another on molt
columns that are pe1forming weD; • mhtture of the lWO should be
c:hromatographed routinely to IDOnitor changes in raoIution as the
column aga.

5) Peak heights for IeYel'lI1 compouDC1s should be leprodudNe when Roo

petitiw: injections are made. Poor leproditdlP1ity ~~) can Iunoe sev
enI causes esternaI to the column: buproper bgection rechniquc••
fimI1¥ syringe•• fimI1¥ sepcwn, or derector maIfanction. PoOi' leproduc
ihllity can also indicate breakdown Oi' adsorption of the compound on
the column. Compounds used to test the column for peral aa:q»tabiI
ity are thc.e that may break down or be adaorhed by columns but can
be successfuIIy diromatographed, such as endrin. When a column is
used to analyze for compounds thatan: hard to chromatogtaph. it sho1t1d
first be diecJred with a compound such as endrin.

I£C I01 5CI:!

5lE-11



Columna _ be protected from dam. dial can oa:ur when the Itatjemary
phase is ea....d to oxygen at high temperalUi'C. Ina emil bleed of degndation
products from olddation wiD occur. and the phase can be damaged permanently.
After any exposure to air• ..g.• during sepwm change. the column should be
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Sometimes, injection of large concentradons of compounds that are
cIifIicult to chromatograph may improve their c:1lromatoIlI'a. Some
pesticide chemicals may not chromatograph well unlil a aWDm-._
thoroughly conditioned by r.,rolonged 1IlIe. If a compound em- !Piling.
or little or no raponae. or if multiple peaks are obcained from~
of a single IWldard of known purity. adsmption. degmdaIioo. or lOme

other column eIIect mar be the ClIUIe. CbroIlllltoll:l'llP of lOme c0m
pounds may not be ",,,jsf'artory unlil the column baS been U8ed _
-Iy.

4) Instrument raponae to varying amounlS ofa oompollnd IIbouId be 1Inar.
A nonlinear raponae can hlne many ClII.es. buthRakdown or adIorpdoo
of the compound on the column may be inttirated when the IJIIeDl is
linear for lOme compounds but not for othen. It is espedeJly important
to asc:enaIn linearity for each compound ofin_when the awOl""'.....
are difficult to chromatograph.

5) A 4 mm id pded column should hlne about 500 theocedcal~
foot of column length, as measured on a peak pmduQlCl by p,p:.oDT.
(Retention time of the peak U8ed affec:lS theoredcal p1ale caJmlaricm, 10
measurement of the p.p'-DDT peak at wbatt:ftr time it e1utes from an
individual column is an admitted OieIsimplifkalion. but is adequate for
the purpoee defined here.)

1beorelical p1ale counD <500 do not n-nIy render a cOOnnn~
ceptabIe. but performance of columna with <400 plata/foot ohould be
cloeeIy obeelftd. Rouline JDeaIUJ'eIIIeIIt of theoredcaI pIara wiD alert the
analyst to 'm.....etory new columna or to deterioration of columna aI
lady in IIlIe and is recommended as a put of the roudne check on
instrument performance.

Rei..., .....wOpa.....Prac J .'...blle."", •

Each GLC determinathe Itep in Chapro:a 5 and 4 is deIcribed in tenM of ilS
specifkationa and operating conditions. MOlt of theIe cIac:tibe wilk bore apo1!uy
columna, now recommended for rouline IIlIe in~ iesidut: detel'''m.doa;
only Seciiona 502 DG2O-DGZ!S describe &jIWW with pwired ee-lililliM, ......... the
DEGS column of thOle moduIes has no wide bore cquivaleDt. Howcvu. __ GLC
data (lTD and responses) included in Appencm I. PESTDATA, were~
with pded columna during the many JelII'I in which they were in 1IlIe. Table 
b provides operating conditions for packed columna IIIdU1 in pesddde raidue
det£Imination.

Column liquid phase and temperature are dkiued by the maIJus being IlIUIdlt
in a particular method. Choice of carrier gas depends on the req.menoeuD ofthe
detector; in lIOIIle c:ases, argon/methane is U8ed to lICCOJI'iiMIdate the~ du:tr_
capture detector. Carrier gas flow rate is typically !ll).al mL/min. Injection Wl1ume
istypically5-8pL.
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OV-D!S

3

l!25

3.6±o.06
(p,p'-DDT)
3.9±0.1
(etbion)

O.69±o.O!
(JinclaHiC)

5.5

WC;
2" C/min to 145°
245" C, :!fiGbr

DoDOt_wiIh
EKDcwN/p

OV-l?

3

220

3.5±0.07
(p,p'-DDT)
3.ll6±0.07
(etbion)

4

1° Clmin to 250"
250"c,~br

5

225

3.1±0.06
(p,p'-DD'I1
2.56±0.05
(etbion)

OV·I0l

4

1° Clmln to 250"
250" C, l!16 br

Liquid load, ...

Injector _perature. °C

Target rrt"I

(muter compound)

checked for Jeab and then flushed with carrier gas for lSo!O min befon: reItOriDg
!he column to operatiDg tempenture.

!fit is nec:eaaJy to change carrier gas tanb wbiIe the column remain- at operadng
temperature. intenupdon of column carrier gas flow can be awided by lIDDing
off secondary wive pressure. which is usually lit 4().8l) pm. While the pi ftow
continues bleeding into the column. the main IaDk wive can be turned elf and
the regulator mow:d to a new tank.

TBbIe S02-b: LlJereting CondiI:ions for Packsd QJlumns1

I AJI_.... U ..xl..f_ld;liqoidpl-._...80lIoo_au bWHP.....
t CoIuIIIa~ltllllll"C."-._lDf"I'Iuce__....fot_ i !
, App ·__a-ar__P/iIfoo__..<'""-'-..........,_..........,
~ .._80mLI_

!~ ' t __.~_lllImLI "'lbr;
__ _tpedIiod;boId .. ._.-..--.fot period.

Capillary column GLC baa eDited &1_ • long • )M'C'ed c:oIumn GLC and it
DOW preferred for determining paticide residues in foods. Capillary mlnoma
provide greater ineJtnaI, chemical and thermalllahility. column effi:iency (and
thus .,.rem sensitivity). raoJution, operating tempenture range. and mlIllHiili-4lr
column ieprocNcibility than equivalent pu:t.ed columns.

In addition to the iWiiI'e of the liquid phase. many facton atrea capDluy mhmm
performance and =ity. inc1wling bore size. fUm tbickn-. operating
temperature, column and carrier gas identity and flow rate. MOlt often. a
change in one column JIUlIiDCI!er improvea _ feanJra ofcolumn peifolinmce
and diminishes others, so choice of column for a particular anaIyIis is t-r on
an lIllII iilent of the _ impol'1llDt feature(s).
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Capillary c:olumns are avaiJabIe with intema1 diameten ranging from o.O!iQ.O.55
mm. E8ideDcy maeaw:a as capiIIaJy column bore _ dea ! Der 'IiadidooaI (0.25
0.S2 mm id) and IIlIJTOW bore (<0.25 mm id) capilIaJy CObllDlM are noted fur
extraordinary efficiency(~ theoretical pIala/m). Which impose~
noise ratio and thUlleDlitivity. High d'flciew.y also provides the impoted raoJ&.
tion nec ry for ana1yIes of complez IIlIIDp1es. Howesu. oampJe capIId1y de
aeascs wlth deceasing bore _. and c:olumns become leu furgiting of improper
handling. In addition, the low carrier gas flow rater used (g).9 mL/miD fur IIlIl1'OIf

bore and SS mL/miD fur traditional) require Ip«iaUzed flow conlrOl haictaue.

For e:enain determinationa, advantage offeJ::'%.riIlIDOUU' bore c:olumns CllIlWdgIu
their disadvan Thin film, iIlIDOUU' bore • co1umDa are idcaI fur Ip"Cial.
i7.ed "ultra traee~determinationa at levels of part per triDion and below..., .. fur
determination of diOldn raiduea. Once aqulstmeDU are made eo 8ICOO'i'JDOdate
requkunenll of iIlIDOUU' bore columns rdated eo gas flow. sample c:apKity. and
injection t<:clmique. they provide the ultimate efliciency. raoIution, and __tivity
needed fur thae determinations.

The low gas f10wII required wlth iIlIDOUU' bore ,::"Ibory cohllDlM also -te them
the best choice for UIC in c:enain inlttuunenll. or .....mple. intedilltinglllll1'Olf
bore columns direcdy eo IIIlIIS spec:trometen has become lID incI.-y stlllldlud,
because the low flow is compatible wlth the requiremenll impc-d by 1'aCI1tIID
conditions within the apectJOiDeter (SI mL/miD muillllllD flow). Vie of IIlIl1'OIf

bore co1umDa obtiat:r the need eo divert carrier gas before efDuent raches the
spectrometer.

In contrast, either wlde bore (0.55 mm id) or traditional capil1aIy c:oIamns are
prefened fur routin~raidue determination. with Wide bore the IDlIIt
popular. Although • bore co1umDa are leu efficient thaiJ iIlIDOUU' bore. they
offer greater sample~ty;depending on the film thicknas, wide bore c:oIumnI
may !me sample capaCIties comparable eo packed c:01umDa. Canier gas flow of sa
mL/miD is recommended for optimum efficiency. but if this rem1lI in hi 'sely
longlllllllylis time. the 1argu' intema1 diameter ofa wlde bore cohunn can acc0m
modate 26-!lO mL/miD without generating ezceelte cohunn bead 1* ,awe. Wide
bore columns can be operated at thae higher gas f10wII ("packed cohunn CllIIIlti
tions·) wlthout the Ipf'Ciali7.ed pneumatics required for low flow rues.~
mance ofwlde bore co1umDa can be optimivd by changa in carrier gas flow rater
and other ayatem panuneten, IUch as injection technique.

Early open tubular capiIIaJy columns were made from p., with liquid (st.n,.

E) coating the interior waD. Thae columns were fngile and pdject to
• . cant liquid phase bleed. The columns DS IItUed the s1ulIpe of the "CIlF" Uii

. they were mounted and thUll reqWred straightening before iweJting the
ends in iDlell or detectors. A high degree of operator IkiIl _ nee ry for their
use.

The disadvantage of capillary columns were minlunized or ....imin.ted when
lIeftrlUI featuura were YIIIIl:1y improved. CoIumos are DOW made from f\aed siIk:a, a
synthetic quartz, coated on the onllide with c.~.mide. which mUes them
rugged. fledble, IIDd -r eo bandle. Stationary p are now croa tinkedJ::r
mers bonded to the interior column wa1I, dfeclitely ~liJDinating cohunn



mm thickness for columns used in pesticide determination is normally 1.0 or 1.5
JIDI, which provides optimum balance between phase thermal lIlahiIil.y. llDlI1yte

5m-15
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Fagure !i02-d abows a 0118 w"'ooal view cl
a typical modem open tnbodar CIlpilJary c0l
umn.

81 liil'

Tubing for capiIIaJy c:ohmma iI~ by
drawing fused IiliQ through a fiunace. The

,-..~'-""F.-I __~ exu:rior ol the dtawn c:apiDary tubing iI theta
coated with a plastic: polyimide coating lItId
the interior cleaned and deactivated. Eact
pni( ! II es used by mann fjIC1uRtll are jIIupri
elaIy lItId beyond the lICOpe ol thiI cbapW'.
The reIllItant tubing iI-y fbiblc. nJlII'=d,
lItId reasonably inen and requires oolymini-

llrlIMrv - &0 ..) rI GlC CifiIIM J mal care in handling. It iI eaIily all and may
mUms; ill rI fIJBlIlI --l:dlqj IWIg88 L_ iJed d -_.I .._ .....

from 0 "'" n53 uoc co . aroun cages .....~ • neca-
.......... Rm. sary for lDIttUtIleDt connectlOlll. When re-

leased, the tobin straightens, IiDtpIj(yjnj[
connections. Capillary columna are available in lengthsf..;m 16M m; 15 in or !Ii
m columns are usually used for determination ol pesticide raidues in fooda.

Stationary phases are no longer simply coated on the interior waIIL lncIividuaI
stationary phase polymer "strands- are CRlII 'Inl:ri, and the ae--'inW "adonuy
phase iI ciMIlently bonded to the deacti¥ared interior wall cl the tubing by pro
prietaty processes Columns prepared in thiI manner are more thermally liable
than coated phases, so they can be opaated at hitrher temperaltJJa; they are also
more efficient. ero.-linked phases exhibit minima1 bleed lItId resist being Itripped
by solvent, to the degree that they can be rinsed with solvent to retlIOWe nOmoWDe
CODtaminmls. The proce:ss of aoeHinting also fildlilatell ptqJUaIion cl thider
films (i.&. 1.0-8.0 pm) that are otherwise difficult to prepare. C1temic:ally. the
stationary phases are equivalent to thOle coated on solid~ for pried c0l
umn use, so reIatiwe retention limes for anaIytea are essentially the same in equifa
lent packed and capiDary columna. • long • column temperature iI the laDle [4].

Capillary columns are -nabIe with films ranging from 0.1().5.0 pm tblck. C0l
umns with <0.52 mm id usually have film tbickness clO.IG-l.O JIDI, wbiIc thOle cl
~.52 mm id have films 0.R5.0 JUD. mm thickness iI ptoponioDal to sample
(llDlI1yte, ~l.y. i.... thicker films lICCODImodate more llDlI1yte without 0fU1uML
TheoreticaJly. a 0.55 mm id column baa a sample capadl.y ol55. 156. 5lIO. and
Z600 ng for film thicknesses ol 0.1. 0.2, 1.0. and 5.0 JIDI,i~ Ample
capadl.y for a 0.25 mm id capillary colwnn iI about half • much for each film
thickness [%].

Colwnn efliciency. however. iI inveneIy proponioDal to film thickness. Thidt film
columns are also more retentive than thin film columns, so retention timeI are
longer lItId llDlI1yte peab broader on the former. 1'hick film columns are also
more susceptible to colwnn bleed.

Becawe polar IWioaaryphases (&,~ qanopt'ClpJlphenyl) are dif6m1t to coat onto
colwnn walls, they are usually ooly available in film thicknesses up to 1.0 JUD. Polar
"ationC:U:bas tend to bleed more than their nonpolar countetpatlB _ under
ideal ·tions.
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The pncdcal ueeeeida of residue detenniDadon require that a minimum wapt
of I8IIIJIle equivalent be examined by the cIelenninalift atqI. When cap1luy <ioI
umn GLC is used for determination. plovillion _ be made to HllWe that the
wlume of exttaet needed for injection of this wapt doa not overwbeIm the
capacityof the coIumu. The~ap;Lyarrangemen.. are required to W"COJiUi'CUwte
pbysicaIlimilationI impored by IiV co1umDs. I't> aide requiremeDa become
more IItringent as internal diameter deaeasa, different n"('011!nwendadom IIIlI)'
apply to wide bore and lnllIitional capillary coIumnI.

• I .,-GIp (Gt.d c." w). Use ofa "retention gap- [10] is remmnwended
for caprnary coIumu GLC used in peadcide residue determination. A retendon gap
is a segment of deactivated fused lilica wbing (without stationary pbale) that is
placed between the instrument inlet and the lop of the capillary column; in dlect,

SECTlON 502 p P'."........ MBnuIII \Itll I

retention, and analyte column ~ty.RcIaIioDsbips between fUm thida,. and
column efficiency. thermal stability. analyte retention. and capacity are dm.ed
in detail in IIlOIIt modem GLC boob (Seaion 5(5).

Each stationary pbale bas upper and lower tempemure Iimila that ddine the
openuing range. but ooly the upper limit is ofconcern in paricide determination.
Operation at temperatura exceedinJ the upper limit aa:denta phaIe~
don. Heating a column without carner gas «ow. or ex.....ing it to any 0I75dl at
temperatures ~100" C. even for shon periods. can daJnage J»b- npidIy and
irTevenibly.

The small internal diameter ofan capillarycolumna iDip':JIe specific requirHHwen ..

on how injection is performed; the nanOWH the cIiameta'. the more ripI the
. ... (These injection options should not be c:onfuIed with injection
~dilen_ed in SectioD 501 D. That aection mven choic:a bet" en IDUlUlI1
and automatic injection and among various techniques for handJjng &fib .. This
section refers to ways to accommOOate injection and wporization of IOhalt into
the reltrieted space available in capillary co1umDs.)

CapIIery Cc+-n SSi'...._.

Eztenshe research into meaDS of inlrodncing aolutiona onto C'lf"1Iuycoh_ bas
produced four ~or injection technlquea. caned split, spIitIaI, 0D<0Iumn, and
direct. Each bas advantages and disadvantages, and each bas found uses in pu1ica
Jar GLC applieationa. IDA Ilndies, howe"ft:r. IllJIPO" n"('011!nwendationl that pa&
Ode residue GLC delenninaliODl be perfonned with direct injection. tiling a re
tendon gap. onto wide bore capillary columna [5]. This I)'ItmI eJiminal" 01'

minimizes problems IUch 81 bancl bmWtening, peak splitling, and intolerana: to
variable injection wIumeI [6-9]. Direct injection imoheI introduction ofthe~
into a hoI, wporizing inlet with total lI'lIJJIifeI" (no rpIi= of injected maIeriaIII
onto the analydc:al column. GLC inl_ deaigned for~ columna are easily
converted to 1Me with direct iJUection; tila for this )JIIIIIOR are "'---1daJIy -n.
able. Injection wlumel of 0.5-6.0 pI. are used with direct injection.

Direct injection is not IIllitable for uae with IIlIl'IOlf bore m1umnl 01' lowpi Do.,
10 references IUch 81 thOle in Seaion 505 should be Itlvlied for f'urtbeF iDfor_
don on the other injection techniques not CtHeied here.
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it senes as an extension of the column inlet. TubIng O.M mm id and 1-5 m long
is commonly used; a length of 5 m is reoommended for patidde residue deter
mination.

~17
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F"JgUre 502-e shows three styles of inlet
adapters evaluated for use with direct
:Y~'Adapter I. the straight tube

, is simplest. A capillary column
or retention gap is inserted into the
bottom of this adapter with a minlesa
steel reducing union. This adapter.
conlllining a small RIaA wool plug, _
1A"X"SSfuI1y used with various wide bore
columDl to determine pesticide resi
dua in foods analyzed by the method
desaJDed in Section !02 [11]. How
e¥U. this style adapter is not reco_
mended, beawse it allows expe-Jre of
anaIytes to the hot metal reducing
union. In addition, injection of large
wluma can result in fJash~of sol
ftIIt wpon and ana!ytes into the in
strument pnC"lInaric sJSl'CUlL

A retention gap senes at least l1lO purpcllIeI: (l) It provides IplICe for the iJgeaed
solulion to wporize and espand, thus permitting injec:tion of solgent wluma (>1
pL) that could not otherwise be injected into eapa1Jary lIIbing; and (2) it provides
surface area for deposition of co-extraetifts, thereby proteeling the analytical «XI&
UIDD from buildup of nornolad1ea that can cause 10Ia of efIiciency and analpte
decomposition or adsorption; in this role, the retention gap is often caDed a
"guard column." Properly installed, a retention gap wiD not noticeably reduce
column efficiency.

JaIet Ad ....... Direct iJgection of atnIclB and mndard I01utIona onto ..1Jary
GLC columDl requins a gIaas adapter to mininriu ana!yte CODllIct with hot mecaI
surfaces. Adapter design baa graduaDy evohed to meet the practical needs
of traee lew:l determinations.

Adapters designed with tapered
restriCtoI'S at the point wIlere the coJ..
umn or retention gap connedll are
pteCCiabie to straight tube adaplaa; this
design diminate!l CODllIct at ana!ytes
with the hot metal reducing union. (1) (2) (3)
Adapter 2displaJs a commercisl!y awn-
able direct t1ash injection liner [12] 1nIst ..,. ....... caUm8: (1)
with a non&apered restrictor at the top .. aU&. (2) wlIIl, liir:lD.. 8nd
and a &apered restrictor below for con- (3) .....wIIh • • IInr.
nection to a column. The top restrietor
minimi'Rs both fJash~during iDjection and conlllct ofana!ytes and solvent with
the septum area of the inIet. This adaplr1' _ suec fz1ly used with ew_ &om
Section!02 [1']. and ilS performance _ validated with an interlahoralory aial
inwlving similar atnIclB cleaned up with Florisil [14]. The only drawback with
this adapter is difficulty in cleaning.
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A IIllYor improvement in inlet ad8pWI is the additio>:l of an eadly repIKed
disposable liner. Originally, an adapter intended for use with olH:olumn
injection (not pictured in FiKure 502-e) _ invened and modified to include a
dispoAbk Supelco PureCoJlll inlet liner, a small amount of column priing. and
a smaD glass wool plug for determination of orpnocb1orlne pest""-*' in fatty
foods [I5]. Sub8equently, during applicadon to lIIIlIlyIis of nonfatty foodI, the
column packing mBrerial _ found to be UJIIloec 'Y' Sua: "ul application of
this adaptel'-liner combination led to colDlllel'Cial production of Adapter 5, de
signed spedficaUy for use with a Rplaceable liner, _ shown.

Use ofa liner protee1lI the inlet adapter, became nomoIatile~ cIepoIk
on the liner rather than the adaPter. A contaminated liner is eadly n:p1Ilcled
without disturbing the CODDeCIioD between the adapter and the column; depend
ing on instrument design, the liner is changed after removing the septum or after
removing the adaptel'-liner combination from the GLC inlet.

Ouomatographic efficiency UIing my of these adapten wiD detedUiate with _
peated Dgeaions of food atracta. Efliciency can be restored by iemoviDg the
adapter from the inluument, deani'! and mdlanizing. After "":::::t: the
adapter (without a column attaebed) ould be heated~t to inlet
tempetature with 10 mL/min gas flow to remove C:llCeII sjlamziDg r gcnL

SepCa. In GLC, injections are made by microliter I)'ringes through septa made of
materials that penDit~ of a needle and then reaeal after the needle is
withdiawn. For troubleshooting putpoIelI. cbromatographen iDIiIt be aware of the
problems that can be caused by septa.Each~DaSa limited UIdiilllfe, after
which it leaks and mUit be replaced. • sepia cause inaccuracies in
quantitation, problems with cbroinatography, ~re of the system to air.
Materials from which septa are made can contribute to IJIIleiil bleed and/or can
become brittle with use. Sbards from damaged septa can abo ... into wide baR
columns and block gas Bow.

C d _ Any adapter inlilllled in the GLC inlet is IelIIed by meana ofa nUl
and high temperature fenule. Fenules are awilable in wrioua Ibes, Ibapa. and
materials; GLC inluument manufllCDtreJ'l specify requiremenD fur £enufes to be
used in each instmmenL TypicaUy, fenules of 100'1I gnphite are used, though
fenules wnsisting of gtaphite and Veapel are abo common and IIWIIetiwes _
quired (..g., gtaphite/Vapel is used in GeMs beca"e gtaphite femdes out-ps).

Analytical columns are COIIDected to retention~with "low dead wlume- or
"uro dead volume- bua CODDecton. Various are awilable from~
gtaphic supply colllp"Diel, including fenule, esiw:, and "pi_ in- types. The
simplest aDd feast npenme are the preaI-iD types, in wbich each tube is pushed
into oppoIite ends of a Oared connector to foIm a leal. Prea-in CIlIIIDeCtoII are
suitabIi:- for m08t applications and are ideal fur~ 0.55 mm retention
gape to smaDer diameter analytic:al columns. The' ItJIe of pre8'in con
necton, i.... thOle that connect tubing ofmy me.. 1Jne been tound to wort. best.

The .- _ eritkal COIIDecdona in eap!11ary GLC are thOle that connect the
analytic:al column to the inlet and to the detector. Connec:dons not only iDIiIt be
leak..free, but positioning is eritkal to optimum perfonnanc:e. M08t iD8DufiaaUreJ'l

of gas chromaiographs proride detalled instIuciioas for positioning the column
outlet at a specific location in detecton. These insttuctions iDIiIt be folio o:ed
esactIy. If the manufacturer's insttuetions for paper positioning of ......1Jary

>/
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S:CllJ'l 502

Minimum HETP (i••.•
IIIlIlrinmm ef6c!ency) for
IIilroB'eD canieI"pi oa:un
at~ low linear .eIodty
(flow rate) and over a
narrow range. Any in
crease of flow causes a
substantial decrease in
coIumn~~
matognpIt.y at a rate
required for UAhle c0l
umn dliciency rauJts in
unaooepcabIy long anaIJIis
time.

10 20 30 «J 50 so 70 SO SO

kimage~ V1IIDcII¥ lcrnl.c)

1.2

0.2

c.rier <>-. Hydrogen and helium are die ClUTiera- ofchoice wldl "'P"1Iary
columns, because dleir flow rates can be incr~ I ed with lea _ of dliciency dian

is seen with niaogen. The
YlIIl Deemrer cuna for ni
trogen. helium, and hy
drogen (Fiaure 5024) en.
play die ettee:t on column
efIicIency (HETP) of in
udIIiDg _ .... Iinear_
Iocity (cm!sec, cal....Ia!ecl
a column IengdI in ani
retention time in sec, of
an unretained pcaIt) in a
typical capi11uy column.

EIIiBI:t~ ..... gll81bor .- on coUm iIlIi:i&iq far ....
0--.---UBing 30 m .. 0.25 nm III cobm. 0.25 nm
lim t1ida

_ 1.0

!. o.a.c
f5
~ 0.8

0.4

Compared to ~t:IOJ-.YlIIl Deemtel' cuna for helium and IIJdIoFu show great
est efficiency at higber flow rata. Use ofdlesea- at dIeir optimum 80wrea
anaJyte elution time. The much shaDower cuna for dlese a- alIode_
chat inueasing die flow above optimum to further reduce anaIJIis time rauJts in
acceplllbJe 1_ of efficiency. For dlese rea ons, helium and IIJdIoFu are com
monly used a carrier a- for _ caplDuy GLC appJications.

Two dif£eJent modes of oeeration. dllraentia!ecl by carrier pi flow rate. are
possible widl wide bore c::apillaIy columns. Mazimum column efIIdency is achieved
in "capillaty column mode." i.... widl carrier pi flows S6 mLlmin. Howeua. at
these low 80w rata. chromatognphic time is collliderabJy longer dian the time
to which pesticide ana1ysls are accustomed with packed columns.

column ends are not awilable. optimum positioning must be dcmmined eapetr
mentally.

Inlet column positioning is alIo aitical but is simp!ifird widl inlet~ or
liners that have llIpCled glass ratricton for column II'lIting The n:atl/mOll is
positioned at die proper location in the inlet, and die column is in8ened finD1y
to form a seal be~ die polyimide coating and llIpCled fining. Adaprers or
liners with no llIpCled glass fitting require careful, precise mc:lIlIUIeIIIeIU for proper
column positioning. Malmfa""llw·s instructions for positioning tubing in inlet
adapterll or liners must be fonowed e:aaIy.
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Operadon of wide boR columns in "packed column mode; u., I~25 mL/min
carrier gas flow, at 200" C (isothermal) combines the lIdwnllllP af pacIted c0l
umns' faster e1udon with open tobuIar columna' greater deactivation (fewer aaive
sires). In this mode, column efficiency equaII or ezceeda that afequivalent r-Iced
columna. At the IlIIIIe time, polar pealicidel that require polar )jqujd pbaIes (&~,
DEGS) for packed column chromatography can be III. i ftdly c6r0m.bitpaphed
on capillary co1umnll, ewm with nonpolar Iiquld pbaIes [Ill, I4J. BecauIe maIJte
RIatiYe mendon times vary only with JtaliOlllll}' phase and cohunn 'h''tlC*mure,
estensne data (Appendix I, PFSI'DATA) compiled over the yan for pae\rd c0l
umns may be used for tentathe identification of residllCB found with c:apilIary
columns operated at the same temperature [4J. Directions for operadoa afa wide
boR capillary cohunn in packed cohunn mode, ,..Iid.'ed by interlaboratory IlUdy
[5J, arc presented below.

Carrier gas should be of the highest pooo!bk purity, .......__ afbigbest purity
gas will estend capio.'Y column life. Moiscure and 011ilW trapB lIhouId be nard
for an gases.

M t IfI e-. Beawae modern GLC dmaon arc dcsiped for opduauP' pel'"
formance at gas f10wa gRater than thOle paated for c:apilIary mIUIIIIISt ROme
syBtemI require addidonal "makeup gas- to be added before elBuent eulen the
detector. In addidon to providing proper flow rare for op'imum cJrtec Ii. pe:rfOI'
mance, makeup gas efficiently sweeps analyta from the end af the column into
the detector. A gas different from the carrier gas may be nard if the detector
requires a specific moderating gas. such as argon/methane or nitropn for an
electron capture detector.

Mahup gas used for detector moderadon should be of the purity IfteI RaIID

mended by the manufacturer. Ju with carrier gases. moisture and 011iU' trapB
should be used for an gases.

,,,.0UioD ...G-6.1o...,. of CApl!wyCohnw

ReganII_ of the c:oanection being 1IIIIlfc, roper~ the a.aumn aDd
R'tendon gap is aitical Square, dean CUlB mmimize flow disaul.uocCl aDd allow
IUbing of the same or different diamelen to connect smoochIy. a ling tools for
cuttingpoI)'imide<oate fused silica capo11uy tubing arc avaDabIe from _ c:IJr&.
matogr.Iphy suppIy companies. After senDIng the poIyimide coating with a~
lug tool, the tubing is cut by applying ptle ..-m: to bend the column~
site where it _ scribed. Ifpaoperly saibed, the cohunn will bn:al dean1y at that
poinL New CUlB should be enmiMd with a I~2OX mapifier to eusure that the
cut is square and dean with no ..:ed rdFs or cbips in the polJImide ".';".
Tubing should be RCUl ifneccssary to ac:biew: a proper finisb. AD CUlB lIhouId be
made after installing any femJles (espedally graphite) onto the tubing to e1imi
nate the possibility of small shaved feirule pardcIes being deposi..... in the end of
the tubing.

1Wo teeImiques can be nard to fadlitaIC muting cridl:aI me.uremenla for proper
coJumn posidoningwith either deteeton or inletL WateHo1uble lypewdter correc>
don f1uid can be used to mark columns at the desired JmBth; the f1nid does not
react with the poIyimide coadng aDd is easily remmed. Alternatively, a small sIic:e
of septum pushed onto the column can act as a IIIlIrlter and simultaneously hold
the nut and ferrule in place for easier maneuvering in the oven.
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After the iDlet, column. retention gap. and detector June been connected, carrier
gas flow should be _bU,hed and an c:onnections thoroughly c:hechd foro 1eab.
Every connection should be treated as the soun:e of a potential leak, 10~
tions should be minimiU'd Mann&cnIRl'" insIruc:IionI _ always be followed
carefuDy 10 obtain Ieak.free connections. Soap IOIulions _ new:r be DIed 10
detect 1eab, becauK they can be aspirated inlO the IfIteIII; the raulting coalalDi
nation with nomolatile materials can be reDIOVM only by rinsing the coalalDi
nated area. EIecuonic leak detectors are prefeJTed. Allieab should be eliminaJrd
prior 10 heating the column.

OIpillary columns with aoeHinked, bonded lladonary phases do DOt require the
~nsiw:coaditioning ofpacked columns, bean_ the IIadonary phases are _
Itable than thole in packed cohnnns and 1eIIlIIIICqltible 10 bleecl. UIWIJly, fIUI1f"
ing the column thoroughly with carrier gas, then heating it 10 20-!0" C me- the
muimum operaIlng remperalUl'e for I hr ill lIUfIident 10 condition the column.
Conditioning ill performed with carrier gas flowing; the det«IOr may be~
nected during conditioning of capillaJY cohJmns. It is aitical that the upper rem
peraIUI'e limit for the column not be esceeded.

RadUiEHWtl_ of c.pnmyeoa-
With time and tile, nomolallle ,..;rolel acammIau: in an capUIuy columns, re
gardless of the use of retention gaps or other protcctite mel Un... E80ra to
inIprove deteriorated cbroJll!!f«JllAPhy should alwayt begin with remcwal of poi'"
tions ofa contaminaJrd retention gap or rep1acrment of the retention gap. If the
analyIic:al column is a1Io cootaminated and~t of the retention pp ~
inIufIident to inlprovecbro~, a poruoo of the inlet end of the anaJyIi
cal column can be reIIIOVed by Olttlng the column as previouI1y deIcribed. If a
caplJaJY column ~ m ill used, remcwal of a relatiw:ly short segment does not
significantly affect illl overall length or behavior. even If segments are JeIIIOVlI:d
repeatedly.

When remcwal of a contaminated segment of column is "-Jfficient to latore
appropriate chromatoRraPhy, the colUmn can be rinIed with IOhenlll to help
reDIOIIe accumulated resxlues; rinsing may be perfOl"lDed with the retention::r
atW:hed. Column rinsing ill poIIible becauK of the IlabiIity of the 0011 'in

bonded phase.

Killl foro rinsing columns are c:ommcrc:ially -nable. Molt tits cxcdtt ofa vial that
sene 81 a IOlvent raenoir; the vial bas fiuinas for insertion of the column and
for connection to a lIlIIlIlIPP1Y that prellllri2el ihe IOltent. De detector end ofthe
column is inserJrd mto me'vial CODtaining the rinIe 1Olvent, and gas JH "e
fon:eIlOltent bac:tward through the column. De column shou1d be rinIed with
a sequence of IOhenlll in ordeI' of deaeuing polarily, -ung with __ and
ending with hexane. Each IOlvent should be miscible with the p«erIing one.
After the column is rinIed and eJ:c:esI liquid purged with gas flow, the column is
re-installed and IJUlRed with canier gas at ambient temperaIUI'e foro »60 min.
De column IholiId be conditioned by heating to 20" C me- operating IF"'I......
ture for at Ieut 15 min, but lhe upper lrmperature limit for the column _ DOt
be ezceeded.

l£C1(jI,j 502
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SECTION 502 ph." AnIIIlilbII MBnJIII val I

Rec:.w""wded! 0peratiDc1'rcM-""ef.WIde...0,1'••'4 (lNfksllWll)

The following procedure delClihes the IeWp and~ of a wide baR c:apiI
IaIy column in packed column mode. Both aIrec:t injeCdon adapters (below) _
successful1yvaJidatcd [5. 14]. and either may be used. Option 1 is ----mended,
becauv the dispoeable liner can be easily replaced once it has become coolallli
Dated with iJYected c:o-eztnu:tives

column, fused siJica capina~column, bonded with one of the sulwrimted
poJ,siloxane phases (Table -a), !10m long x OoM mm id, 1.001' 1.5 pm
film thidm_

retention gap, deactivated fused silica tubing, 5 m long x OoM mm ill

capillary column connectors, low dead wlume 01' zero dead wJume, PJitabIe
for connecting analytical column to retention gap

direct injection adapter. Uv new adapw' _ is without p1an!zing. Itcs!Jmlp
used and cleaned adapten with 10~ dimethyIdicblon/tolurne; after
resilanization. heat to 240" C OIIaDight with gas flow before me. 0pri0naI
adapten are: .

1) SilanjWI direct injection adapw' (Figure !10k, A~r 5), 1/4· od,
4 mm ill (Cat. No. 210-107l.J&W Scientific, Folsom,~. This adapa:r
is spedaIIy made to IDA sped'kationl and is ll9aiIabk: with the ........
order pari number. Direct injection adapter is 220 mm toI8I1eJItIth. Inlet
end, 12S-1!1O mm long measured from top of rearic:tor, has notches
CoIwnn oveD end d"'Celldll75 mm below flared end oftapered resaidla.
Column oveD end may be shortened if deIired; if cur. feaw: at IeIIIt 20
mm tubing to aaach ~/column reducing union~~fire
polish cut end. With Option 1 oDly: column inlet liner, for
4 mm ill c:ohmms (Cat. No. 2.0540M, Supelco, 1Dc.. Bellefonte, PA, 01'

equivaleDt)

2) Double restric:tor adapter, 1/4· od (Figure !10k, Adapter 2). MIIpter
has two rattictors. Top rcstrictor aIlowa F age of IJriDIe needle mto
chamber formed by two rattictors. u-r iaaict« is tapered for COlI

nection of column end into wlapter. SUaniv adapter prior to me ifDOt
dlanjWI by mlUmfa,.fJirer or ifwlapcer has been cleaned. These adape..
may be purch-ed cut to spcdfied length or _ IonFr ftnion to be
cut by user.

pesticide grade Alanized gIaa wool; see Section 204 for silanization
in laboratory; iDUIt be free of nitrogen, chlorine. phOlphorua, 01' IUlfur~
laminants

cap"Ja'Y jmtpIJadon kit, required ifc1lromatop'aph _ +signed for pried
column. Kit should include nee ry fiUlop to auaeh _don gap to inlet
adapter and, if ne< 'Y, to delector, with provision for makeup gas at de
lector connection.
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• Place fenules and nu" on end(s) of retenlion gap and columo.

• Cut ends of column and retention gap with cez.cleaving tool. It is
~ that ends be cut sP-"pJacement of to ellmjn_ poe
sibility of ferrule fragrnen" becOming settled in tubing. 'nJIIiM new
cu.. with 20X magnifier to assure that ends are square and smooth.
Recut as necessary to obIain smooth, square ends.

Gow-Mac Leak Detector, available from chromatography suppIien

Plr8ClJllII_-+lH
iner

..... lICI81I
CCBI...·..,' Cabnn ..... 8~.18m111

Magnifier,20X

lJPeWriter correction fluid, water baled (if needed to IDIII'k correct posidoDa
on capillary tubing)

capiDa'Y column cleaving tool

125
mn

75
mn

~

m..-t Setup. Connect apparatus according to fullowIng directions; review
instrument manufacturer's instruaions and adjust dinaions 35 nec 'Y to ac
commodate specific equipmenL Figure 502-g shows the Option 1 inlet lIJIIfml
arrangement:
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P 'Ale '-",,' ........ VIII, I

• Clean ends of column and retmlion gap with wiper wetted with metha
nol

• Aaacb _don gap to column, using appropriate capillary column c0n
nector.

• Secure retmlion gap to column cage.

• Ifusing iJYection adapter (I), pIaa: IIIIlI8 plug ofP. wool in inlet end
and push dawn _ far _ restrictor, then place diIpoIab!e PureCoJl'l liner
in inlet end of adapter. If using injection adapter (2), me _ is without
addidonal equipmenL

• Gently inIcrt adapter into imttwnent inlet or fluing unlil it touches top
of injector. Maw: it bad about 1-2 mm and tightm nuL &en:ilIe can:
not to fIaaure end of adapter or liner when tightening nUllI and fenuJa
during inllll11adQn; aw:rdghteninl( can auue Ieab and deform apeD
_ baniware. If collliderable don is nee ry to tightm fitting, it
may already be deformed and mould be replaced. (Follow~
lUter'. inlttuetions on how to tightm ferrules, check fOl" Ieab with
leak detector, then tightm in IIIIlI8 incremen... &g., 1/4 tunII, using
correct size wrench to obtain Ieak.free CODnecdon.)

• Aaacb n:dudng union (for connecdng adapter to _lion gap) to c0l
umn aw:n end of adapter,

• 1nIen end of retm~nPI' through reducing union and into ·"'1_.
Push retmlion gap finnIy into fIan:d ponion of ratrictor unliI Ie81 is
formed bebw:en polyimide coadng of_lion gap and adal'4ellaoictor
wan. Fonnadon of seal is evidenced by _"bIe "ring" at conl8Ct point
between tubing and restrictorwall (Figure 502-g, enJai'Fd area). 'I1gbtm
column nut on reducing union.

• If nee :J' inIllI11 makeup pi fluing to detector inlet using .........
length diameter of sliaDlzed narrow bon: (1 mm id~ lIIbiDJ.
Install column into detector _ directed by detlectol .... leI'. in
Ittw:tions (If available) for posidoning column. See petjon on~
dons, ahaw:, for addidonal ClPldoN about e8'ects of colnmn polIhjcMling.

• Use helium carrier pi to get beat coh1mn ef6o:imq and compan"'1hy
with various detectors. For~ m x 0.53 mm id columns, set initE 80Ir to
20 mL/min.

• Use mahuppi _ needed to 8CCO"lI!oodate optinnnn detector~=n. helium, argon/methane, or other psa may be .-I, • re-
• for proper detector operation. A4JuIt flow of mahup pi PO that

total flow of carrier and mahup gases equals ez:::.nn pi 80Ir rec0m
mended by detector maD'dilCtnrer. Makeuppi of5-tO mL/mln are
typical.
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p ,. .... /IIrsI; . :aI M8ruII VIII. I

• After instaIIalion and eatablisbment of iDilial curler and makeup pi
fIowI, check an conneaiollS and fittIDp for lab wilh eleclnmic: leU
deteetor, Do fItJI heat tyItem until it is leak4i'ee and has been thorougbly
purged with carrier pi for 15-20 min to avoid damage from OXigen.

• Heat column to 2!0" C for 1 hr or until deteetor b•• 6ne has ocaNJ!pcl
Reduce temperawre to 200" C and recheck boIh curler and makeup
gas flow ntes. A«ljUIt carrier gas flow and column tempemure • ~
eMary to meet retention time and m requiremenlll for specific IIjlIteIIl
being used. RlHldjust makeup flow as nee ry to mainlllin optimum
detector flow.

• Evaluate IIjlIteIIl for linearity, repealabiIity, and toIennc:e for _ying
injection ¥Dhunes. Sjatem should be linear ower at least one fWl IClI1e
deflection on integIUor/recorder. For _ quantitadoa, ICIp' .......
to repetitive DyectiOll8 of II1lIndard Ieference material should have per
cent re~ ltandard deviation SlIt;. UmitatiollS on inlection voJuma
IllUIt be determined for each IjIteDI. Experience has sIi_ that iJYec>
tion 1IOlUlllCll of 1.06.0 pI. are normally tolerated without adwase alfecllI
on analyte 1CIpOII8C.
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NODlleJective detec:ton, IIUCb • flame ioDlzatioD (FlO) and lhermal c:ondnctiviq
(TC), rapoDd 10 solutes in proportioD 10 the maD of each that elutes from the
column. Such detecton are impnctical for _ residue detenninatioDa

CbaracteriItics or det«tor OpmdiOD that are ailical 10 quaBllIdve and quantila
the defel'JDinatiOD or residues include seDSitivity. selectivity. and linearity. Certain
terminology is common 10 the discullliODl or these characteristics in dift'eteIit
detecton.

SECIOI 503

503: DETECTDRS

5lX3 A: /NI1'lD.JCTDJ

P ! r ide AnlIIiIicIII MBrUIII Val. I

SewldwIlJ. Detector lIeDIitivityrefen 10 the reIadonsblp between amount ofanaI.Jtc
injected and rapoDlIe or the detector. Detector raponIIe Is the c:haDte in mea
sured detector sigDaI that n:suIIB from a change in lIIIIOUDt of analJb:_~t
within the detector wlume; measured detector sigDaI includes the ampJiIic:adoa
provided by associated eIectronics. Sensitivity is often deacnbed by refeniDg 10 the
smaDest amount of a specific anaJyte that causes a measurable det«tor signaL

IDA methodology has traditioDlllly specified det«tor lIeDIitivity in terms of of
a specified compound that Cl!IIIIeI !iO'l> full scale deflectiOD (FSD) OD a~
or data system. That comentioD ill coDtiDued in this chapter and in thede~
natne srep descriptions in Chapter S methodl.

Sell •...l'. Detecton JI1UIt be selectne 10 be A.itabIe for _ in deteuilbdng lIDJ'
traee residue, including pesticides. Selectivity refen 10 the deteelOl'S p..,liuenlial
nspoDle 10 one or more e1emeDIB ("heteroatoms") or functioDal group8 that
might be preIIeDt in lIDlIIytea ofinterest. ReapoDle of the detector 10 these moieties
must liar exceed ita rapoDle 10 cuboD, hychogen, and 0IL1ieIi if the ..-.JtiDg
chromatogram ill 10 distinguish between reaiduea and food co-elRJ'lICIiva "'CRDt
in the same ""bact.

GLC detecton are devices that indic:are the pn:sence of e1ulIed~ea1B in the
carrier gas emerging from the column. Dc-peading OD the~m wbic:h they
measure the quantity of the auaJytea, detecton are c:IaIIified • dif£elenlial CODlleD
tra!iOD. differenlial mass, or incegral [I]. The electronic equipment _oo-trd
with the detector amplifies the sigDaI and CllUlIClI the rapoDle 10 be n:corded.

DefiDiIi..- of Detector aw.....1Ido:a

Among detecton that are IUitahIe for residue cIeterminatioD, aeleaiwity 10 the
moiety of interestvaries conaiderabIy. Probllbly DO detector ill completely "Ip«ific"
10 oDe heteroatom or functional group; instead, degrees of selectivity can be
deaaibed in terms of the reIatne reapome or the det«tor 10 the _ qbt of
different COIIIpOUDds or moieties.

In pi8CticaI terms, the greater the det«tor selectivity, the leaIlIUDple cleanup ill
Deeded (within the boundaries dilla.l.ed in Section !iOl C) and the greater t!le
inherent degree ofCODfirmaIioD that is provided by the detenuinaIioD. CoDveneIy,
the Iell se1c:ctige the detector 10 the type oflUIlIlyte being deteCted, lhe greater the
precautiOD Deeded in preparing IampIe!, awiding reagent CODtaminatioD, and
coDfumiDg residue ideatity.
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The electron c:apaure (EC) detector has been med for many ,... to ...,.
foods for OIJlII!lO~ pesticide residues The earliest EC detector In _
mon me had a sa (tritlUlll) Iadioac:tm: soun:e; this_later repIaad by detecton
using a em soun:e. The conlinued popularity of the EC de~ n:su1lB from
ilB high sensitivity to halogen and certain other moieties, • -n • ilB t'Ujji lln_
and low maintenance needs. lIB sensitivity makes it app1icahIe to detennlnaIioa of
residues at the ppb and even ppt level, its wide clynamic iespome range &rOta'"
iIB use with automatic data systems, and iIB high operaIing teJnpeilIlUre (SfOO" C)
minimizes detector CODtamjnatioD by sample ctreJL1IdVU :mel column bleed..

These advanraaa are oJIiet by the EC deteaor'slow se1«tivity~Ied to 0IbeI'
~nmed In residue determination. When using the EC detectOr. appaoprlalc
methodology precautions are nC'C *y to prevent introduction of inteJfa_
from food samples, reagenll, or the environment (Section 501 e).

EC detectors used in IDA laboratories have em _ and constant CUJTeiit,
variable &equency design. SelIera1 manufacturen produce and iIIattet lOCh «:leta
ton, all of which operate on the principles desCribed below but Vat)' in soun:e
activity. cell wIume. and geomeuy. MOlt EC detectnn CUJTeiitly in IDA lab0
ratories are from Hewlett-Packard (HP). Wilmington. DE; Tremettia, Inc.
(formerly Tracor. Inc.), Auslin. TX; or Varian .·-OOa..... Sunnyvale. CA. DisaD
sions ofde~rcharacteristics in this section refer to detectors from these manu
facturen.

'II

P ' ... AI..............Yal.1

Some relalhely selec:tive deteeton are 1l1~ to Interferenca from w-emaw:dvu
that contain the heteroatom to which they respond, In puticu1ar dame detecton
that nspond to the praence of nilJ'OFD or 1UIfur. 8uIfuHeIec:dve detecton are
su~ to considerable InteJference from cqanic: disulfides present In foodIlOCh
as oniOIll, rur.ahap, and bnasic:as. Use of cleanup~ to I'eIDOft: or ract
the InteJfaing~ may aIIo cause the anaIJre(s) to be lost. N"moaen
containing compounds are eunctabJe from all foods; for this~. no deu:aor
that selecmely nsponds to eJemenlal nitrogen can eftI" be tolaIIy ......,.,...l'q
In lIJIlI1ysis offoods for~ contaminaDls. SelIera1 HPLC cIeterminaIM: steps
have been developed for particular nitrogen-containing functional groups
(Sections 401 and 4OS). and ihese have been more suca:vful ........._ inteJfaena:
from other forms of niuogen is awided.

LlwAaitJ. Use of a det«tor within iIB 6near nnge is a prerequisite for the ...
plilied way In wItic:h residues are roulinely quantitated In pestiri+ residue deteJ>.
mInations (Section 5(4). Tenns a.odated with detector 6nearity are: dynamic
(response) range. ova' which a change In the amount of cbemical present within
the det«tor whnne produces a measurable change In detector raponse. and
6near (nsponse) nnge. the ponion of the dynamic nnge ova' which a c:IJan&e
In the amount of a chemical praent within the detector wlwne produc:a a
fnl1J1or'itmlll change in det«tor response. A detector's 6near nnge is tfle nnge of
analyte weight ova' which the sensitivity of the de~r is constaDt to is.K••
determinedfrom a 6nearity plot of nsponse/wdgbt lIS Jog weight [2].

IDA laboratories evaIuaIe the dynamic nnge of a~r and then operaIe in a
segment of that nnge that exhibiIB appropriate 6nearity. For added-..-that
quantitation is aa:urate. suflident G1rlICl and laaence m!!dard solutions are
injected to cause detector responses to residue and standard to agree within 25'.'.

5CJ3 B: B.J£/FOV CAPTI.JRE LElailLf"l
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-r- basic differences exist in EC a:D
design, one a pin<up with III!INi plated
on the cd1 wall and an anode sua
pended in the center of the cd1 cavity
from the top, and the other with lI!INi
plated onto a qlinder aligned parallel
to the column and cell flow. The eI_
trode leads enter the a:D cavity at right
angles to the source and gas flow.
F"JgUre 505-&, diagrams A and B, cD.
play these lesptl tive designs.,

High energy bela partides, emitted by the III!INi 1OUI'l:e, c:olBde with c:ania"~
molecules to produce low energy_electrollS. These electrolU are conlin
collected at the cd1 anode by app1ying wltage pubes to the cd1 eIec:trocIa.
auTent thus produced is m! I mred and the pube intemll (frequency)~ to
mainlain constant cd1 currenL A IIaIlding pulse frequency dacribes the equiIib.
rium condition that exists when only carrier gas is pua!ng through the edt

When moIecula of an electrophillc P .....Dce enter the detec:tor, elec:IrOIII are
.captured" to a degree dependent on the amount and electron affinity of the
subIlaDce. As the electron supply Is thus deaeased, pulse frequency ina del to
generate the exact number of eIectnma nec .,. to mainlain the araNjobed
constant auTenL Change in frequency required to mainlain conlllant a:D current
is comerted to w!lage, and this signal is lent to the n:w:tding device • the
detector's response to the anaIyte.

p r:iF An8IP .. MIruII Vol. I

PtI·dpJa

1) IabeHg. Aaording to NRC reguIationr, each~ c:oollliD
ing a 6!INi detector must have a 1aheJ siKnifYlnK the isotope, activity, and
date at which the activity _ detennirled imcI the words "ClIutioD: Ita
dioaethe MateriaI." The NRC will accept the manufjlClurer's label on
the detector ifit containr the nec lIP'" Information. If this infonnarion
is not present, stic:Ir.-on labels must be applied to the gas chromatograph.
Appropriate labels hawe been provided to FDA Iaboratorier by FDA's

Appaa........ Ii I B

Section 501 B prorides general infor.
malion on apparatus and reagenlJ
required for GLC. Further materials
or spec:ifications for this detector are
dercribed below. A.~EC."'pIlII8doncrl"';B."""pIlII8d

anID qtndrr.

.......Ive Souaee: 8pMh' R-np" •
• dE- The presence of ndioIIethe
material in EC detectors bringa them
under the authority of the Nudear
Regulatory Commission (NRC). The following rpedal proc:edurer mUll be~
lowed by a Iabmatory with an EC detector.
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The following basic c:haracwiatica ofEC dcteeton must be undcntood for proper
appHcation fO pcaticidc residue determination:
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Wmchater Engineering and AnaIytic:al Center (WEAC). Winchester. MA.
In addition. the Department of Hcalth and Human Serviu:s (DHHS)
rcquira that a sign with the foDowing notice be polled on each pi c:bro
matograph: '"Ibis i t conlains a I'lIdioIIctige IOUI'Ce rcgiwlJeled with
the RSO (ie.. the~Radiation Safety Officer) • Rquircd by!ic:enR
from the NRC. Notify the RSO before J'CIDOVing the IOUI'Ce from this
location or upon any change In oDtoc!ial _pon.ibili.,.. (5).

2) Venting. In addition fO the labeling rcquircmcnr, DHHS aIao requira
that chroDllltOglllpha with~ or other radioN1iole IOUI'Ce8 be "WeJlted
through plaatic robing infO a chcmic:aI hood or room cxh_ [3].

3) WIJlC tala. Any laboratory with a eam EC detector is required, • put of
the licenalng procedure. fO perform a wipe tat of an lICXap"b)e CltteIior
par1lI of the detector each January andJUly. WEAC aupplica FDA IaJJom.
torica with c:ottoJlotippcd .-be for pcd'ol'lllinK the wipe talL Each dcta
fOr is wiped with an aIClohoJ.moiatcned an6 using IIIIldcrau: F ..e.
with particular cmphaaia on potcndallcak __ audl • the oudct tenni
nus and join... Each swab is remrned fO WEAC In a mailing mbc so that
radiation J'CIIlOVed from the detector exterior can be m u eeL A~
e:ate of Inapcction for each dcrector is provided by WEAC and returned
with ncw awaha.

4) C1canlng. NRC liccnaca In effect In FDA Iaborarories permit _ of
EC deteeton coolllining eam but do not allow their diaman61g and dan
Ing. AD FDA eam EC detecton arc shipped fO the WEAC facility for dan
lng [4].

Laboratories outaide FDA must either make arrangemcn.. with a I*opaly OOcr-d
Iaborarory for detector cleaning acmcca or oblaln the~ NRC Iiccnac,
Laboratories that have an existing license for usc of Ni EC derccton
may be able fO oblaln from NRC an amendment that penni.. cleaning. Proof that
the Iaborarory is capable of handling such materiaIa aafcly is Rquircd before NRC
will grant such an amendment.

c.rier .... v ...... c.. EC detector man"6M biiea. It> ••""....... lbc _ of
argon/methane (95+5 or 90+10) for greatest detector linear range; howe_...
trogcn is uacd aadafactoriIy In some FDA Iaborarorica. An CllterDa1 awia:h OIl the
chromatograph pcrmil8 acIcction ofpuIac width and cell current to .....nli.....1e

whichCW9' gas is predominant upon reaching the detector. Only reliable, bigh
purity grade gas should be uacd, with 0Jt1llUl and moialure craps on an gases golng
fO the detector.

Ofren, the c:arricI' pi and Bow me chc.cn for:.m c:oIumn efIiriency do not
rcault In the best detector operation. MOlt EC tecton arc configured fO allow
makeup pi fO be added fO the Oow from the column so that deucrot opcradon
is enhanced. In the _ common ""mple. argoD/mctbane is _dal fO 0pera
tion and is added fO helium column carrier gas fO produce optimum EC detector
response and atability.
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Sewldvlty. MagnilUde ofresponse of. "'Hi EC de_I to a pII1icuIar compound
is dependent on the eJectron-c:apturing abiJily of the compound. Under c:ondi
tioaa described below. the minimum deteetable amount of an e1eethliircapbIriDg
compound to wbkh the detector will respond ill typically in the 1·10 PI raDF.

Reproducibility of response at this low .......~
1eveI is not as good as that for Jarger "'0+ 'P"
amouDlS of the _ ~d. A ae-

llCODes of injections of l-!lOO. PI chlo...
pyrifos was made monthly ova' a 6mon

JlllXlperiod (5J; variation in~ fiu:tor
Oller that lime is shown in 5Q5.b.

CD

dHh&andaJd deYiatioaa of response faeton

Ifor each -.-pt indicate that respomr 3lJJ
SlabiIity was COIIIiderabJy better at 1evds
~ pg than at the I pg lew:l, although 2IXl
respoDlle to 1 pg _ reproducible over j h~~the coune ofanyone day. Although this 1CD
experiment was performed with an HP ~
571M. insttument, minimum~nse is 0
espected tobe equivalent with er"'Hi ·1 0 t I! 3 4 II 8
constant current de_no Laga...PJi"(pg)~

SeIeo dolt)'. Ee detecton respond to MBt 8Ild __d tilt· 'h. at .......
molec:ules coN.ininS an eIectrophoric ~ at c:tUPJib irtIClBd iiDeI.,
group. u..~moiety that (8man)inIIIGLCwIlh"'Na:,w Ii',

pnMda an • t center in
the molecuJe; examples include halogen. sulfur. phoepboruI, and~ and ~
dic:arbonyl groupa (2J. Bea·_ the rapome is not to a lingle elemmt nor is it
proportional to the amount of an element in a molecuJe, ItaIeIDeDlII on detector
selectivity can refer only to t'lIDgeS or to relative respo_ to putic:uJlII' anaIyta.

ReIarlwe rD its rapome rD hJdroc:ufJona, an EC detector may diIpJay 100-1000 fold
greater rapome rD mon&- and disubetituted baIogens and up to lOS lima peater
to poly."betiaued halogens [6]. Howevu. other molecules that coolllin only
carbon. hJdroBen. and osygen may abo be electtophoric. and EC detector
rapome is Dr Ie. seIc:ctiwe to ha10gal relatige to theIe mo1ecuIea; eumpIes
include quinones, cydooetatetracee. S.17-diketo1ftroids, o-pbtbalptes, and amju
gated diketona [21.

The relative lad of selectivityof the EC detector p:owida a bonuP ofapp!inoNlily
to a \IlIriety ofPIIaIyus; Lg,. ifan dU'" conrains p:s!dnH ofpacidda containing
halogen and PIso other rnkb_ COl'lPiniDB sulfUr. _ of ECGLC permiIS lIitnuI
taneous dewmination of each. l.act. of seIec:tMty is more oftIm a deuhnent to
rnkbJe anPIyois, howe¥er; in praetic:e. the EC detector'. 'Value is dependeut on
bow free of intetferinB t&-e&b..ti.ea the final esuaa is. Food co-extIlICdfts
or emironmental CODlaminPnlS with electrophoric c:hancu:ristia compromise
the determination by "maing rapooses that intetfere with residuft or that 8I'e

mistakenly inlelptCted • rc:sidua.

Many eump!a of the inlelfe.tiDB .11....n<:es hPve been cMmmented dmiDB long
_ ofEC deteeton. In Pddition to eutnpla noted in Section 501 Co anifIIas from
p1Pstics. lUbber products, hand lotiona, and cleaning solutions haw: been seen,
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It itJ'. The mode of operation of
the "Nt CODSlaDt current detector~
duces a dynamic response rau~ of
greater than tift ordels of magmtude.
Experimenlll in which an automatic data
SJ'Iteln - interfaced with the deb:CtOl
[5] showr:d that detector response to
increasing litieI of iIgected mate
rial _ ~creasing when the data
I)lIfem became saaurated. In order to
plot the dynamic respoDle over such a
large range. the PIpCIDR (unils in which
response is 1IlelISURd~ injected) is
plotted tAl Jog pg in' • A linear d}'"
namic respome range would produce a
straight line parallel to the x-axis in such
a pJoL PJOllI of~ dynamic respo_
rauges of the HP IiSNi detect« to three
pesticides are shown in FJgUIe 50S<.

ph- 1e""';:5 .. M8nuIII \IllI. I

4IXI 0

j 0
300 --'l- --------

J
---- -------0

l2IXl 0 0
0 0

1CD

Cenain fruilll and w:getabIes also containn~p""'_ that CI.
EC response. and thae are not aIwayIremoted by Florilil column deanup (~
lion !lO! Cl. <::2). Some of the IlIlIlp1c: lJpO known to contain aadfau that CI.
an EC response include cabJlare. ndiahes, and lettuce (6'.(, F10rilIiI~). caarolS
(15'.(, Florilil eJuare). and oniOllS (both 6 and 15'.(, e1uaIea).1teconnnendatim fw
awiding inlelferences are included in the recommended operlIIing poa:dlJra
for ECo below.

InItead of ItI'lIight horizontal linel, the
pIoIll indka'e a variation in rapo_ filctor with amount of~ IDjected
These plOlll show that the deb:CtOl is not Ilnear ewer ill endre dynamic reIJI'O"IC
rauge. Within smauer segments of this range. howeiCi. the detect«~ all

ceptable linear iespoDle.

P '.....-vaof"'NB:d 'Ii iB~
(:I:1C1'l6) to ......... of cNorpr;riIiI8 qecIBd
.-.alrrlllldportiDnafthadjlwric._ ..
.-va-
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The following parametus _ studied for lIP~ COIIIQDt turreIlt detectol'l [5]
and, in a _limited 1tUdy. for a Tracor~ CODItlUlt turreIlt detector [7].
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I'to1lI in FIgure !i05-filJulmate the dIect of
flow rate on response for the HP
detee1Or; a similar plot _ oblained wltb
the Tracor detector. In each QIe. the
optimum Dow rare ~_.is that wbidI
prorides for re&pOlIIC stabiIily. i.... flow at
which a sma» Change in rare does not
cause a large change in respoase.

liP and Varian recommend a mlnjnmm
flow rate of SO mL/mln ohroup their
deteC1Ol'l, and Tremelrics recommends
fiO.l00 mL/mln [6, 8, 9]. Each rec0m
mends UlIe of makeup pi 10 bring the
total flow throoP the detector to fiO.l00
mL/mln. Makeup pi is UIUa1Iy needed
for cspllJary columns (8ection 502 C) and
may be either the same • the canier pi
or different. For example. when hJdro81'n

o -t-...,.-r--"'T'"--r--r--,
o 215 IlIl 7!l 1001llClll1l

Aow RiIIoI (mLI"*'l

net! elM- T........ $ eo Expcrimc:na with
the lIP 6!INJ conatant c:urrent dek:ctor [5]
documented illl dyDamic respoDle JlID8e for
seven pesticides at four dek:ctor t"lllpel&
tures; F'JgUre 505-e displays resula for
cblC1rPTru.:.. Detector temperature c:aused
only slight chang1:s in respolllC 10 any~
ticular amount of pesticide and caused no
coDSistent change over the whole dyDamic
JlID8e. Thus, there is no RaIOD 10 chOOlle
detector temperature on the '-is of en
hanced rapolllC.

MarmfaetllreD provide recommendalioDl
for operating remperanrrea of deteeton.
Varian recommends operating the det«
lor at llO" above column temperature. lIP
recommends %50-!00" C. and Trawr rec
ommends operation at 550" C. Detector
contaminationbymaterials eluting from the
GLC coIwnn can be minimized with UlIe of
higher detee10r remperatnres, but the "Ni radioactive ron mUll not be operated
at >tOO" C.

..... lI08.f
sr-flI c.rrier ..........

2lI

0
20 0

I °UI

I 10 0
0

5 ° 0

........... Column flow rare is usually chOlellIO optimize column elliciency and
permit reasonable anaI,Iis time. The effect of flow rare on detector operation
must also be considered, hCJWeftr. becal_ response of the concentratiotHensitiw
EC detee10r deer tide. with inCH .ed flow rare.

R 1"'_ JWIgII of"'N EC dBtec:Iu 11) 1ro
pg~ lit cIII& .t; carriIr gBB lIow
I'lIlII8.
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or helium c:anier pi is UlIed to oblain mgimlfln raolution and efIicieru:t' on lhe
oo1umD, makeup gas of argon/methane or nitrogen m_ he UlIed for piopa
detector operation.

Reco,,'iltNi:led~""'J&I, •

The following step should he raken for a DeW detector and after each time a dean
detector is iDa1aIled. (See aboft for special requimDenbl for ndioo+ "M aowca.)

• ~ oo_t current detecton are .....~~ed8Iready~ in
the chromatograph. To rHIwaIl after • fOllow manufacturer's
directions for seuiug up the instrument and oonclitioniDJr lhe c:olumD (6,
8, 9J. Ensure that all heateD, temperature semon, and elec:trical COOne<'
ton are properly positioned. Ne\'IU CODDect a c:olumD to a cool detector.

• Heat detector unlil it reaches the mpximum operating temperlIbU'e
recommended by the 1DlID1Ifaanrer, then lItllICh c:olumD and equilibrate
overnight lit operating temperature and 80w Tate.

• Determine lhe iDslnJmcnt lItIeIluatiOD required to came 46aO'J, fSD in
raponse to 1.5 ng cbllHpttlfo..

• Determine detector dyDamic response raDF to c:hlotJltiiful and odler
standards ofinterest by plotting response factor (reIp""se/UDit weight) ..
weight injected on a semilogarithmic acaIe. Do nIH operaIe instrument
outside the dynamic rapoDSe range.

EarIicr Tracor models allow for determining lhe puIIe~~ and
lawration currenL To opeTate these modeJa, refer to the in the
lDPJIufacturer's operation manual. Newer models have these parametas praet. _
acljuIunenbl are not nec ry or poaible.

To minlmjU' inu:d'erences that can occur during detennmprion with EC ck1ieaota,
follow these rules:

• &etdse extICiik ClIUIion to avokI inttoducdon of C'OI!Il!D!!npnIl from
reagm... appualUl, and environmental soun:es; routine inc:lusicm of
reagmt bIanb in laboratory qnality _c:e procedures will monitor
Rlet:ell of these p-ecauti_

• Employ snitpble cleanup procedures for emaetll that will be ""mild by
EC detecton. ElutiOD through PIorisil is -.aDy required Won: EC cIerer
mination, though even this iI not a guarantee that anifaclI from fOods
wiD not ClIUIC response.

• ~ ooDfinn the idendty of residues that have been teIItlIIiveIy identi
fied by EC GLC; COnfitmatiOD may inc:1ude GLC with demcnHelcclive
deteeton or other teclmiques (Section 1(3).
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Dip

'!be lIJl!iority «FPD detecton in use in IDA lahoratorica wee produced by three
manuJacturcn: HP. Trcmctria (formerly Tracor). and Varian ........t" DiIaJ&.
ROD «dctce:1Dr characterislka in this section is limited to thClC modcla.

The fIamc photomelric detce:1Dr (FrD) is die detce:1Dr « choice fur dctermiDaIioD
of organophosphorus mdducs and the ouly praaical det«tOr for olpDOlUlfur
compotmds. In ill phOlphOl1lHC1ecthoe mode (PPM). the detector is one of !be
most elcmcnt_lective GLC deteeton avaiJabIc. aldiough large amO"D" of IUlfur
will c:ause a respGusc. The~mode (FPD-S) aIfcnI Jaa ICkctMty (pJK.
phorus can inteJfcrc) and is linear ouly on a ..,.mIogarithmic 1Ca1c. but it provides
UICfu) confirmation for sulfur compounds tentathely identified by ECdc~
lion. Neither nirrogen nor chlorine caUIC any pracdcal inlCifen,nc:e in either
mode. In addition. the ratio of FPJ).p and FPDS respon_ can be used to caJc.
late an ana1ytc's P-.s rado for confumatory purpoeca.

Methods designed for UIC with FPD determination _dmca include oD1y mini
mal cleanup. H_cou. column contamiDalion can he CllIIICd ~ repeated..
tiona of cmaas from II1ch methods. and the cautions outlined m Scoion 501 C
IDUltbco~

GLC column dfJucnt is burned in a fIamc fed by a millturc athJdroFD and air.
Characteriatic: opdcal cmiaaiooa are produced when compounds CODtainiDg phol
phorus or sulfur are dccompmcd in the flame. and thClC cmJ-lona are viewed by
a oommlional photomultiplier tube tbrouJEh a DIIJ10W bandJ- (inte:tfclen.:e)
filter « ~riatc -'cngth. Choice offilter determincs whether eriri IlDI
produced by pbosphoroa or sWfur reach the photomultiplier tube. A filter witb
rnaximtun transmiuance at 526 om, c:orresponding to the emHon WDe1cnath of
HPO. permits deteedon « phosphorus compt".ndt, wbilc one with ma:dinum
transmittance at lIM om, the emilsion -'cnath «5.. detedllUlfur componnda.
A aingle ?fdcal filter and phOtomultiplier mIic mayDc UICd, or _ fiJtmII and
photomultiplier tubes can he UlClDb1cd to permit response to both pbCllpbOl'Dl
and IU1fur aimuJtancoualy.

Figures 5Oll-g and 505-b are
diagrams of ainglc and dual
fIamc FI'DI, ICSpccl:ively. In
cach. column eftlucnt CDImI
the dctce:1Dr from the bottom,
whcrc it is miltcd with hydr0
gen gas. Air is added before
the effluent and hydrogen
etnei'F from the jet or at the
same I:imc they cUlCige. The
cmilsion from the rcauJling
fIamc is m wed by a photo
multiplier tube after """;ng
through the proper fiiter:
T,.......NIL 84-1 (1J941FumRll__
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The Varian desip diffen
from the othen in that aM)

air-bydrogen jeta are used,
-to IepU'lIte the region of
IlIIDp1e dCC'..,-v-- from
the~·ofJighten/ htU
[10). clrmmpllj.ioo
ocxun in e praenc:e ofair
and hydrogen in the fiI'It
combo'llioo Abow: that an:lI,
addition.1 air illIdded to the
combulted mixture; this
IUppol1l a leC:ond flame,
whose optial emission is
filtered and measured as
detector raponae.

.......a

From
GC

figura lIQ3.b

1:1I.1 FlIIme FPD

I'lIQiOn -_...

FIBme8 -,......- r-"I--"L1

En' r ".

Section SOl B provides FD
era) infoI',,1lIIjioo 011 appu.

tus and reagenlP nquired for GLC. NilRJFD or helium. ofat 1eaIt 99.9981> puity,
are usually uaaI as carrier pIeS for columna connected to FPDa. HychCJ8Ul and
air are used as reaaant pIeS in the dc:tcctor flame. Manufacturen' ..........". Dda
tions for hydrogal pmity vary from 99.995-99.9991>. Air pmity Ibould be aero
grade (maximum total h}drocarbon d ppm) or CGA Grade E [lCH2).

DetIlcIOl a-aaealldm

S-"'dwily. The minimum amount of pbOlpbOlUl deteetable ., the fPI).P is
about 0.01 ng; for the FPDS, about 0.04 ng Iulfur. DeIieCtor _tivity is ar-IY
dependent on the condition of the pbotomultipHer toMs. Raponse WIria among
tubes, and the use ofa variable wbaBe outputwith the power~ (or a variable
WOI~p~ supply) mates precise attainment of speriIic _tiVitHS eaIier to
pcco • .lJghi leUing into a photomultiplier tube wID increale the noise 1eId
and decease the detector', dl'ec:tige sensitivity by making it lea ab1e to detect
unaIl amounlP of 1IDlIIytI:.

RapoDle of the FPDS (!J!H DJD filter) to IU1fur II proportional to the square of
the concentration of sulfur. When the 526 nm fi1ter is used (FPD-P mode), Ie
sponae to sulfur is ..... proportional to me square of the alDCeDtraIion. 1biI
relatiolllbip affectp both aekctivity raIioa and linearity of the deIleCtor in bod1 the
P and S modes.

Sde d*,. The idl'ODle of the JPD.P detector is about 10'1 lima grara- to
pbOlpborus than to carbon. The se1ectlvity of pboIphorus to IAI1fur in the FPJ).P
mode varia with the amount of sulfur present beawae of the IqUlIIe root
relatinlllbip of iaponse to IAI1fur concentration. For the Varian detector, P:S
seleamty WIria from >104 for~ low concentrations of sulfur to about SO fOr
~high concentrations. PreIiminaJy expeJience with the Varian detector india,,"
that it bas a greater P:S aekctivity than the other models It is~ that this
increased seleamty is due to the st3ded flame IImIIIgeJDeDt of this deIleCtor.
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Selectivity of the FP1).S aIIo 1lIriea with concentration of lIUIfiJr 1Jec:pl_ 01 the
ICJ1IlIre root relationship. The IIlJIfu«o.arbo rado wries from >10& at high sulfur
concentration to 104 at low concentration. The S:P selectivity wries from >104 at
high sulfur concenll'3lious to 10 at low ooncentl'ations [10].

Selectivity of the FPJ).S varies with the ability 01 the 1ndIvIdua1 filter 10 lICI'eeIl out
wawlengtba associated with pboephOl1ll. F.sperimenllllly, FP1).S detee:IOI" Iapome
10 a mixture of pestiddes _ colllplll"C'd using sewa'II1 different lI9f om filIaL
When conditions for each I7Ifml were set to cause equal~ IOPJ'OP8IIite
(sulfur only), aD filten permitted FPJ>.S respoDle to metbamIdophOl, c:hloIpJrifoI.
acepbate, and omethoate (both phOlphorus and sulfur), and _ permitted
response to monocrotophos (phOlphorus only). Only one filter oItbo11e tested did
not permit FPJ).S respo_ to monocrotophos; i.t., the particuJar fl1ter _ fiIr
more.selective to sulfur than the othen. Further examination oIlhe IpeCUWD of
tight paaed by the different !194 DID filten showed a diltiDa dif(etaa.:e in lhe
amount of absorbance at 526 om; 35 apec;ted, the filten that permiued FPJ).S
detection 01 monoaotophOll J-ed much more 526 om Dght than did the fl1ter
that did not detect it [15].

It by. Response of the FPD-P (526 DID filter) to phosphorus Is linear __
about four orden of magnitnde.

BeaIuR of the ICJ1IlIre root relationship, response of the FP1).S 10 IUlfur can he
plotted as a stnIiabt line only if semilog peper is used. Most newer~11
provide a switch that automatically WDielbi the deteaor OIltput aigual to ill~
root for an apparently linear response. H~r, quandtadon using th1I coo_ted
signa1 is acewateo~ if the aigualls c:ardWly "zeroed," and the detector response
is 1_ sensidw: at this setdng. Many laboratories c:hooee 10 = are the~
~ signal and plot response '11$ weight itgected on oemllog paper. Quandtatioo
using the FP1).S is a1wa}'I1eIS reliable than with other detectors.

0dIer Jcflr - _»elI- Ii. Ped_

DeIEdor '11 i 2 e. Each of the three manmallren RCOlDl"el"k a mini
mum detector opending temperature 01120" C, Recommended mnima range
from 250" C (Tremetrics) to !ISO" C (Varian), with HP intennediate at ltOO" C,

Physical deterioration of pans of the detector can occur or he aa:detated at
higher temperatures. Both 0 rinp and the casing for the photomnltiplier tube
hawe been seen to deteriorate at high temperatures. During routine opetadoD. 0
rings should he changed periodically (about~ 6-12 _); an 0 rinp in a
pardcular detector should he changed at the SlIIlle dme. AD mlllmfaatlJen WID
against continued opetation at n_itnllm temperature. Normal detector 0perat
ing tellIpenlblre should be about 20° C above that of the colulllD, -ny S25O"
C,

D t Ii. Vc>h., Satwaa;r,operatioIl 01 the fPD requites use of II highly
ptabjlRed voltage power supp . Depending on the lDlID"faaJJrer, vol. may
range from 550-850 V and may he obtained from either a variable or set wlDge
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supply soun:e. Deteaol'l are usuaJIy shipped with the Jl'COIDmended 10laIge pnset
at the factory. MaDufaceuren' operations manuals eM IpC'cifIc inscruaicMIs for
wrying wltage when this iI an option.

SeDaitivil¥ of the detector can be ina lied by inaaIiDgthe~,bat aD upper
limit is impooeo:l by the simuitaneousIy increaling noile. Optimum~ can be
determined by comparing detector response to an amount at compound • the
wlcage is wried.

AdeqU8Ie Qu. ......apIi,. Nonlinear Iaponse of FPJ>.P to OK\:.anaIop
of organopbospbOnJl pesticidell (P=O oompounds) iI often nOlr:d. _ the
detector (526 DID Iilter) is linear over a wide IlIDge for P--S::r:i::' (i.&., __
parent Ol)ll'':fJbospbOnJI pesticidelI), the difIicul1¥ ill to be Awcf by
degradation P=O compoundl. Once aurIbuted to a deCec:t in dereaor cksip.
tbia problem is now OODIidered to be ClIII!!CCI by poor c:hrom....wiljlhy of thae
polar compoundI. and thus a coIumDeS~blem. UIC of wide bore apillary c0l
umna (Scciion 502 C) mlnlmj?a the

fPD.l'. The foDowing steps Ibould be taken for detector operadon:

• Install detector if nccCllllI}', according to inmuctioua provided in
manufacturer's manual [I~12J. FPD usuaJIyCOlllCl installed m~
graph.

• Set detector temperature 81 reoommended by maJlu tj!C1Urer. at leut
20" C above column tempemure.

• &labliIb flow rate of oolumn carrier gas • IlUitable LOr pioper m)gmn
operatiCHI (Section !lO2). Set 80ws of bJdroIlen and air • noommended
by detector manufacturer or • detenniDed from esperimenlatioD to pro
Wie opdmum operation. Connect column to detector.

• H voltllF is set by URr, foOow manuf!lcluru'l dIrectioas

• Ignite flame after all instrument te...'"8IUI'eI lin: equiIilJr'aIIld and1llidl
carrier gas flowing into detector.

• Tum CHI air.

• Depn:sI igoitor and bold.

• Slowly tum on bJdnlFn.

• Release ignitor after h,mogen has been bII'Iled oompIetdy on. SliPt
increase in oignallbould occur when flame is Ignited. A1temaIigeIy. c:heck
for lighted flame by hQ:;,e:~oror ocher shiny object at ezb_ end
ofdetector. Presence of moioItwe indiAtes dial flame ispi_to

• H ftame does not light. turn ott' h)t:hogen and repeat previous ...
Increasing air flow and/or deaeasing canier flow may help in ignitiDg
Dame.

_ ......... ['1_----
{f
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InItaII flow cootrollen to prefCDt gas &ow fJ!rmration:
nonnal baseline is VCJY lItI2ight with <I~ noiIe in
P mode and <24J, in S mode.

Oted. by "'ining f!ashJiIrht on ck1lcctoa-.~
wiD mow rapo_ if leal: eziIlB. Replace 0 rinp.
If this does not wort, seaJ light Ieab with bIact tape
or other material Photomuhiplier lIIbe should n_
be eil"Jled to light when connected to power IUfIPly
or it will bum OIlL

• If more than one !11M DID filter iI lI\IlllIabIc. _ to determine which ill
DlOIt selective to sulfur owr phosphorus~~ecting JIlilmJn: of
JMtbamidophoe, chlolppilbi, acephate. 0 (each COIIllrining
Sand P), and monocrotophOl (P only). A filter that does DOl permit
I'ClIJlOnse to IDOnocrotophOll, or that permi1I1eaIt raponse to it, ill the
best choice for sulfur selectivity.

• For greatest kIIlIithity. do DOl lIIe e1edromefer squan: root func:doa:
instead. plot mponse tAl amount injected on _Dog p8peI' and quaD
owe ftom that c:aJlbration. FPI).S is IIilfficiently UwnRtiwe that it IhonId
be set up to provide the greatest sensitivity p-'"b!c while ItiIImllirllain
inc reasonable baselinoe noise: this wiD vary from inIlrument to inItnJ..
menL

p r ... ArollllVtlC8l M8ruII VoL I

• Tum on 8UzjUary gas if needed.

• ,on- pn)(:cd_~ for JlPD.P. but _ !11M DID filler.

Noisy and/or
wandering bas=5ne

Symptom

Cousult the manu&ctnrer's operation and senice manual for nooommencbtiom
opedfic to detector model being used. Note the foDowing addjtioulllLQl Pions=

aean detector.

Low sensitivity 01eck for photomuJtipJler IDbe light Ieab .. above.

Peak bn»dming or Impaow; c:hroJnatotp'ap by changing to Clp'1Ia'Y
tailing. poor 1'ClIJlO- colimm or other column suited to chemiIItry 01
reproducibility anaIyte.

Rejlnenate capiDary column.

I
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The electrolytic conduaivity detector (EICD) Is c:apahIe of opending ill modes
selecdve to halogen, nitrogen, or lIUIfnr. EICDI can also be COIIfigured for sdct:dw:
detection of nitmamina or aterlI or for the noaspedfk deteaion of carboor
conWning compounds.

For paticide residue detenDinalion, the EICD Is __ often UIed in cbc: haIoRat
mode (ElCD-X), wheR it cshibilll much greater IClecthity to hUigw Ibm~
the EC detector and yet rapoods to <1 DB of__ orgmohalopIl.-iri<Ie rat
dues in foods. Although EICD in the Ditrogen mode (EJCD.N) bas been __
suilably sensitive for UlIC in residue detenninatioD, it is UIed roadDely for that
JIUl'POIIC in only a few laboratories, be.....uM adeqnate openuion is more ctiI6mh
to establish and maintain. In addinon. problems -=i.ted with irtter&:ien(a
from nilrogen-cOllfaining commodity~ (Seaion 505A) apply to EJCD.
N.

Only EICDI in the haJogen and nilJogm modes an:~ in deIlIII in dill
section,

Presently, two manufacblRl'S market ElCDa, Ttemetrial and 01 Corp., CoP r
Station, TX. The Trem&ic:s "Hall 1000' and "Hall 2000" replllced the caipial
'HaD 700A,' which _ DIlII'keted by Tracor Inc. (_ Tlemeuica); the Iaua"
model is no longer coJlllDel'Cial1y avaiJabIe but continues to be UIed ill -r
residue laboratories. 01 markcls the "4420' and a _ "5200,' FDA ezperimc:e
is limited to the HaD 700A, HaD 1000. and 01 4420. 10 only these models wiD be
disclIDed ill this chapter.

Pile_if'·

GLC column efIluent Is P710lyJed in a nideI reaction tube at ::>800" C in the
praence of bJdroIlen reactant gas. Heat ClIlIlIeI __ of the compouado in cbc:
reaction tube to be pyroJyzed to their elemenllll form, but the praeucc of raclaDt
gas raullll in other chemical reactiODI. Produas fonDed during R'lIClion of the
analytes are either reJIIOVed by appropriate IO'Ubben prior to entering a condur
dvity cell or are swept into the·ionductivity een _ carrier pi where they an:
dioeoM:d in a dR'u1adng conductivity IOhent (eJeclroIyte).

In the condudivitycell, electrolyte CODductivityis cnuaatly monlmn:dforcbnl~'
cng«t by diIIolution of the reaction prodnctI <:IIanF in CJl'IIdu.cdoIit is CIlI&

~ to a w1taF IigDal that producea an eIedrlcaI peak at the detector OQIpIL
EICD hanlware it configured into varlou& operatinJ model by appwpdate Idecl
lion of reactant gas. elec:troIyte, ion escbanr resin, and chemkallClUbben UIed
to reJIlCM': intelfereno:es. Deteetor sensidvity is affected by reIldion CODCIi1ioDs _
-n _ by eJectrolyle flow rate and reactant gas flow rate,

DeIIpa

FIpre 5QS.i iPiJ.ablock diagram ofaGLC aJIteID with EICD; tennlnoloRY is
genera1Ded to' the buic aJIteID arransement that appIia to aU modeIii of
EICD; lOme design , _ eDt bet. ~ ~'I) modeII FJ8IUe 505:i dIspIa,. a sim
plified diagram of the EICD reactor and conducliYity cen.
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4) Signal proc:asing unit, whic:b _ conductivity ceD sipa1 fur dlopIay
and provides power for other detector componmlL

The HaJl700A ctilfen from other ElCDs in that it has. iefeotence ceD m ~ MUting the
conducJivlty of the eledrolyte without any diIIohed reaction produeu; decaulJllt
oondue:tivity is subu:acted &om that of the analydc:a1 e:en.so that~ Iipal
is removed from the final measurement. The Hall 1000 and 01 4420
m aare abIolute oondue:tivity with no subtraaion of signal related to~
oondue:tivity.

B.CDJ(
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Each model EKD induda four JD9>r UDia:

1) lleactor unit, includinJ reactaIIt gas inlet, Diehl reaction tube. IIIld
II01w:nt~t to puent mjecdon sohent from entering the reac:tion lUbe.

2) Electtolyte unit,in~aohent rachoir. ionev~ lUbe. and ..
ftDt pump. The 01 uses resin in 1M) ...... a "mugbing" resin
within the e1ectrolyte no.... voir and a "finilbing" resin through whic:b the
electrolyte~ before entering the conductivity ceIJ.

5) ConductMty uD.

Pie ;ric.

ElCD respoDIC in me halogen mode results from fonnarion of IIF. He. HBc. or
m by eataIydc reduction of analytes CODllIining fluorine, cblorine. bnlmine. or
iodine. iespectriely. The heated nidd JCaCIion lUbe prorides an the ingr~..
for reaction: a cbamher for mixing analyte and l.}'drogen gas. heat, and the Didd
surface for caJaIysis.

Carrier gas transports me acid formed in the .eacrioa lUbe into a amdiicdvity cell
The add dissohes in deionized n-propanol eledrolyte. ma ing electrolyte c:.-
ductMty and producing a m J IJJ'lIbJe respoDIC (peak) at the detector ouqmt.

To preveut neutraJizatinn of the add formed in the reactioa tube. pH of the a-
01 eIeurolyte must also be slightly acidic. Eledrolyte acidity is mainlained
~ through ion ac:hange resin.

Section 501 B provides general infonnalicm on awu- and nIp. J'ClI'IiRd
for GLC. Consult appropriate instnunent manuals for porcbasing infotmaIioD and
proper ptuec:dme for replacing the following reaction tubes, JClIinI, scrubben, IIIld
electrolyU::

ackJitional Diehl n-aaion tubes. Tubes are~. J ~ II from me imlnnnent
manutlIcturer or from other IIiJIPIiers of Diehl tubing. U. of tubing not
designed for analytical~ =s will probably tequire addiciooaI cleaning
andlor polisllinK to be . [14]; laboratmyJftPllJed tubing has not been
snccessfully u-r in the 014410 models.

T............, (1184.)_ 1m_ \IlIlIIlI
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gases, helium. ultra high purity, 99,999'1..~. column carrier ps; bJdro
gen, ultra high purity. 99.999$. wed • reactant gas

gas filters. capable of removing o:&fgw and water from carrier pi

n-propanol, diIliIIed from aJI.gIass appuatus. for e1eeuolyte

resin materials, to replace resin tube when .eleaMty deteriorata. Some
extra resin material should be provided with the derector and _ can be
ordered from the manufiu:turer, or a I)IIteD1 that repJaca the whole UDit
can be pun:hased to avoid the inconvenieDce ofreplacing the resin [1~17).

CoDSU1t appropriate detector manual for inIIrucIiona on replacing rain.
(Reain and electrolyte are saJd • a unit by Tremeuics. Inc.. becauIe the
resin bed is contained within the conductivity 1'CICM)1r.)

Resina are subject to deteriol'lllion and are dated; they may be unp....
for use after storage, CftJ1 if refrigaated .. direcud.

SeoIItivlt,. An IDA interlaboratoty Uial inwlving eight HaD 700A EICDa in the
halogen mode, each operued at the 1IlIItIC basic parameters, Ibowed that each
detector was different in terms of the minimum amotmt of balornatcd material
to which it would rapond [18], In this stUdy, the DlOIt raponsige detector _
10-25 times more aensiIhoe than the least R!IpOIIsIw: detector to the same amount
of the same compound. H.-r, each propaly functioning derector _ capable
of detecting 0.00 ppm lindane in the presence of IlIIIIple CltUlICt. The more _
alive deteeton could ttadiIy measure 0.01 ppm lindane. No companbIe ItUdy bas
been performed with the other model E1CDa.

The foDowing parameten affec:t EICD 1leDSilMty:

1) Reactant gas purity. Impurities in the reactantpi canUIlCIeqo rhemiad
reaction in the n:actlon tnbe. and raulting produaa may be IOJubIe in
the e1edrolyte. If this oc:cun, c:onductivity may be railed PdJicicn~

to oblcure measurement of smaIllllDOUlllB of anaJyte (i,e., the~
UHloise raIio wiD be reduced). Adherence to manufactnren' purity
reronJlnervJarioDS is critk:aL Galea meeting mann&ctnren'lp4:cIfloorions
occasiouaJly contain traces of bydroc:bloric acid that can destroy the
derecton; use of appropriate pi filters is required ewell on high purity
psea.

Z) Reactant pi flow rue. EJCI).X rapo__ mown to inaeaIe with
increasing reactant gas Bow me, up to about 60 mL/min, in a Itndy of
the HaD700A ElCD [19]. ~ that ftow nte, responee remained
_tialIy CODIIant up to 100 mL/min, Mannfj.,....":n IlJllFIl reactant
gas ftow me of 5M5 mL/min for the Hall 700A [15], ~inI./minfor
the HaD 1000 [16], and 100 ± 10 mL/min for the 01 4420 (17). IDA
Jaboralories roulinely _ fiO.8O mL/min for the HaD 700Aand the HaD
1000 and 100 mL/min for the 01 4420.

T_.... lM-'.V84/ 1:1"1<>17
Farm RlIl_1lIIlI2I ...........
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5) Reaction robe condition. The nickcI reaction lUbe ataIy2a die reaaion
and must be free of cooraminarion. After a period of UIC, nidcI tubes
become conraminated bcou'IC of fouling bybad JllIM'S, ample reaaion
produclII, IICJllWD or column bleed, or other C8UIa; c:bJ'onyIroga_ at
this point cbanctcristicallbow a dow rcIUm to ba. Dne lifter _tiDg.
peak railing. and Ie. of rapontc. Once CODllUDinated to tbiII dqree. the
blbe must be replaced, becaulC no -!IX rid reconditioning PIIX_ bas
been developed.

4) Reaction temperatUre. In a study using the HaD 200A in the baJoFn
mode. reaction~ _ not found to lIfFec:t dctec:tor tcDIIitivilf
significantly. No significant differences in detector n:spontc oa:Wied
when chlorinated compounclll _re injccJed at tanperanJre control p0
tentiometer IICtlingI of 850. 750. and 6!0" C [19]. BO.CiO•• minim"m
potentiometer IetIing of 900" C is recoll!JilCjll!ed for £lID.x. because it
is IAI8pCCkd that potentiometer setting is not an __ rdIcction of
the actual temperature of the reaaion lUbe and because it ill r~II "aNe
to .......... that more efficient reduction of baJoFn oa:urr at higher
temperaturer. Reaction lUbes whose operation ill comprollliled by other
problema (&g•• coDtamination from wnp!eI, column bleed, or poor quaJ-
ity nickel robe) may show fluctuations in ICDSiliYity with c:baDga in
temperature.

Reaction fumacea ("reacton-) of OJ 4420 detectors have been IUI!iea to
repeated burnout, requiring~t. The marmfaaurer olren •
smaller. c:artridge«yle heating t •• reaaot" Iep'lM cment in an
1Qlll1'ade to the detector; tbiII model is also expeclbd to have • limited
Iilclim.e but will be easier and 1_ apensige 10 replace than the miginal
reaaon.

5) E1ectro1yte flow rare. Electrolyte flow rare ~ndy IIffua du......
sensitivity by alJeaing the length of time the • hed ........-on JX'Od
spend in the conductivity cell. Ita the electroJyle flow den lei. iUfl<il....
inelt • Below. cerrain flow rare, hotll'e¥CJ".......~ D<JilIe iraa a and
further deer! Ie in flow rare ruul1s in DO additional iwp..wement in the
signako-noile ratio.

ReIf't" live WaD"fac1ltrCn JeCOjummd 0.5 mLImin t:IecJr. flow .
for the HaD 7OOA, 0.6 mJJmin for the HaD 1000, and O.oJ.O.05 mLlmin
for the 01 4420. FDA 1aboIarorics UAIlI1Iy UR 0.55 ± 101> mJJmin flow for
the HaD 700A and the HaD 1000and 0.055-0.050 mL/min ror the 01 44!0.

S III drily. The ElCD is made sclec:ti'Ie to ha1cJccua byUling bJdrcgea_t..
and n-propanol electrolyte. Hx. formed by~ ofhaJogenaled oompouads in
the pruence of hydrogen. is readily soiULle hi Jl1tIOPaDol Other compounds
funned in the reactor. IUCh • IItS and NIl,. do not muaIIy cause detector ~
sponae beau_ they are not IonI1Cd in n-propanol and theidOte cannot c:banF
solvent conductivity. No IICJUbber is needed to I'UDOV'e interfaing reaction prod
UClI from the gas flow in the halogen mode. I.aJse quantities of nitrogen and
poaibly carbon dioldde may cause • iesponse. however.

(An optional oaddaIige mode ope1don for halogen selectivity. using 0ltJ8U1 •
reactant gas, is far1_selective. produces greater DOile. and requires usc of~
ben capable ofremoving S02l'SO, from the reaaion producer. This operation &.

~1
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n~r been implemented Cor residue determination because it is &r IaI pte&:lahIc
than the reduet:iwe mode.)

Because detector seleclivil¥ to baIogen is dependent on ,...,.,..;0.. concliam. mel
on solubility of reaction proclucls in the electrolyte. an the following fac:ton a8'ec:t
seledivilr-

1) c. purity. Impurilia in column carrier pi and/or bJdro8en raamt
pi can introduce other chemical species that may interf1ft with bIJo.
gen deteelion; only ultrapure gases IR ac:cep1lIbIe. e-s IIl1JIt be free
of any level of IJalo&enated compounds.

2) 1teadion tube condiOOn. The nkkel reaction lUbell that contain mel
ClUlIIyze the reaction IR known to wry from one lIDOlber in !heir ahiIity
10 COIl'llelt balogm to HX. A tube that initia1Iy produces an lIOOCJl'lIble
rapoDJe may deteriorate OYer a period of_ becauIe ol conlamlnatlon.
As previously dlscmsed, the tube _ be repIaa:d when tbia lICXlIIS.

S) Reaction temperature. 1teadion temperature a8'ec:t Ie1eaivity by
influencing the degree to which reduaion ola:t: 10 HX ocx:urs.
Reaction temperature setting of 900° C is f1"CO!I!IIleDd to~
efficient reduction.

4) Jon ezcba. rain. The Ion exchange rain all'eaII seleetMtyby control
ling pH of the electrolyte and by conlinuOUl1yItme~ rac
tion producla from the elec:troJyte. The resin .-dfor the mode
mainlaina the n-propanol electrolyte at a sllgbtJy acidic pH. Preseuce of
the ionized HX then produces a measwable chaDge in soJwent~
tivity. When the resin fails 10 control pH ofthe electrolyte lQJIII'OPriale1.
certain species other than HX IR also able 10 ionize, aDd clctecuic
selectivity deteriorates. Failure to maintain sllgbtly acidic electrolyte
resuhs in negative or "V"....apcd peats. Replacemeut ol the rain with
fresh material re-«"Q!Njsb., the necessary selectivity.

For unknown _ addition of n-propanol to the _voir of the OJ 4420. to
replace evaporated soJwent, can cause Ie\'IeI'C «1amag>e to the resin. When tbia
occun, rain and electrolyte DlUIt be replaced [20].

ft IIJ. Lineardyi~of the HaD '1OOA EJCD.X wries with the QIID
pOUIl(i and with the' " detector [19]. MOre<Her. the typical dqpec of
linearity and length of linear ... lII'C not sutlidentJy re6able to eJlminate the
need Cor matching peak heighta of raidue and atanclanl when quantitaling. Each
system mould be teated to _ ita linear range. For accurate quantitadon of
residues, peak sizes DlUIt be within 25% of one another.

Other inA,.... _ Bet- 'E. Perl. ".

So....V....... EICD reactor unilB include a .eDt line JX!Iidonedjuat before the
heated reaction tube. The reIaJi¥eIy luge wolume of mjectlon soJwent, eluting
through the column prior to the analyta, is ctiwerted through tbia pan to pte.ent
ill entry into the reaction tube. Venting ptewenll cnmhgtjon of hydrocaatJon
solw:nt in the reaction lUbe and thus protee1ll the tube from carbon deposition
that deaeases catalytic performance, nickel tube lifetime. and detector respGDJe.



Many of the recurring problems with the 01 «20 cIew:tor wen: UlIlCIed to the WIlt
.,.eem. Ie is now recommended that the original ftDt flow fthe be RpbIccd wkh
a constant flow pon, which is capable of malDcaiDing a COJIIQnt _t flow wbiJe
the 9CDt is open; the deteetor upgrade offered by the Jlw",fjottnrer induda this
replacemcnt. Ew:n this change. however. does not w:nt _ of the 1IOhent, and
ill combustion in the reaction tube may came sub8equent problems [10].

P,.... of CllpUI8ay~ RaWlS oblenoed~ evaIuacion of a capmary
column with 014420 EJm.X indkace that the _ cricic:al element for .. i fill
operation is proper positioning of the column outlet in the reactol" [21. 22]. When
the capillary column is inItaJled as directed in the detector manual (i...., column
oudee placed about 0.5" into the nickeJ reac:tioD tube) a noisy b as tiM with
frequent "spiking" is obeenoed.

These snvlja demo__ that positioning the column outlet bellietll the IIOhent
1I'CDt and the reactant gas inlet produc:es optimal .-lIS. In this positioo, the
column is oulaide the nic:kd tube and away from the extIemely high trmper-.ca
of the n:aetor. This poIilioning also _ eftk:ient ,,",ring. brc:amK the raccane
pi takes the path of IeaIt resistance and f1uIhes the iIgeccion IIOhent through
the _t rather than through the IIDlID id tranIfer line to the c:ombmtion tube;
the poaibility of tube contatninalion is thlll reduced A srady baoeIine is main
tained when the column is inIlaDed betWEen the _t and the racIalt ps inleL
This same positioning is aJIo optimal when wide bore "'P'1!ary columns are UIed.
A redesigned I.e for IDOllDring the decector on the c:bromatopaph IDllJ mini
mize the importanele of user _lion topoIi~column. Operation of
E1CDa with packed columna is not as ICIIIiIive to poIiaoD.

1\ fa Une a h More often than not, bI"oad, taiIintr peab are n"wd
by a dirty tranIfer tine between the reactor and the concIuctfvity ceD. Coota.
nants (i.... unreaaed hydrocarbons) can depoIir in the lJUIIfer line and produce
active (adIorpchoe) lila. When hJdrochloric or other pscoua adds .- tbrough
the tranIfer line. they may be adsorbed; this phenomenon C8UICII caiIing or. in
reYEI'C ClIICI, total to. ofdetec:to£ lClpODllC. Tl'8DIIfer IineI can be rinsed with the
injeclion sohmt being1IIed [23]; the ease with wbic:h this can be peifOJ&ned varies
with the detector model.
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Conlllnrinalion of the RaClion tube and II'lInIfer line is when acetDDe
is 1IIed and then DOt completely 1I'CDted.

EflicieDC)' of1I'CDdng is affec:ced by IegerlI1 fadon, incbvting racIalt pi flow _.
combustion tube diameter. and the pen:enage of flow that is 9CDted. Both in
creased flow of reactant gas and deacased combustion tube id imp.- 9CDt
eftk:ienC)' by inaeasing back prasure.

The pen:enage of total eft1uent that ill 9CDted is cri1icaI. While: eM.at~
of most sohent ia nea:suy. not aJlsohmt can be 1I'CDted, becawe Jad of JIOiIidve
prasure permits electtolyte to flow from the ...... iOir and enter the nicItd reac
tion tube. contlUDinaring iL Vent rate is praet by the maDufj'Cemer. but the 01
4420 includes a 9CDt IIJIlCIIl with a~ T that peimilS the user to
Mljuse the vent rate by tmDing a threaded rod. Manufaamu dbectiwls apec:ifJ
Mljuscing the rate 10 that about 50-60 mL/nrin total pi Bow esiCI the ftDt; frt>.
quent monitoring of the Oow is nec 'Y. beomv the ftDt split ratio fh....'ac...
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Rei··""H19ied ~PJOQ'SI, •

Ezcept for poUtioning thc column in die reactor (above). follow direaiom
from die appropriate detector manual to let up and operatIldle GLC S)'Ifem with
ElCD. Thc foDawing additioDai reeommendatioDl are baled on ezperiena:s in
FDA Jaboratories:

• Reaction tube temperatun:: Set pow1tiometa" that concroll reacdon
lUbe temperature to 900" C to~ dial temperature is hip enough
to complctely reduce anaIytcs. To protect raetion tube from P'*'"bIr
deactivation by column bleed, do not allow reactor temperature to drop
below dial of column.

• Reaaant gas flow: Maintain hydrogaI Bow of about 6l}.100 mL/min
through raetion tube to~ compIcte reduction ofamplc. M!1iI mre
flow rate using bubble meter and stopwatch. either at point whereS
enter conduaivity cell (with column carrier gas hJmed 08) or at rehJm
line to IOhent reservoir (with both column carrier gas and BOhen! pomp
hJmed 08). Column tempel'lIb1I'e should be reduced to room 'n"l_
lUre if carrier gas is of( tOr any length of time.

• Sohoent tlow rate: For optimum peIformance. pump IHHOPlIDOI~
Iyte through conductivity ceU at o.!5 ± 10~ mI..tmin fur HaD 700A and
Hall 1000 and 0.055-0.050 mL/min for 01 4420 !lID-x.. MClIIIII'C
flow rate by rJa?ng line that usually carries IOhent to IcsuvuiI into a
graduated cylinder and measuring accumulation mer mown time.

SJ " S1dlaNJltyT_

Monitor deteCtor xlecdvIty by reguJarIy b:geaing aliquot of milrccIltl!DdlIrd 8OIu
don coDlllining the following: 100 ng diiaobutyl phtlwate. 100 ng ethioD. I ng
cbkJiptJifOl, 100 ng methyl f.!'mjtate, 100 ng caffeine. and 2 111 oc:tadecane.
Properly operating ilctector wiD respond only to~ and po-"bIy to caE
feine. If respome to caffeine is _. c:aJcuIate ICIectivity ratio lII:

detector responIC to~ x lOll

detector response to caffeinc

If se1edivity ratio for c:bJoJpyrifoe:caffeine is <500:1 or if any rapome to other
compounds is seen, improve seleclMty by foDowing die IIIfl8alioDI for~
shooting. be~.

Routinely monitor detector response to baloga1 by injccdng .,.Jmiom CODtaining
at leaIt Hndanc. cbloiP7IifOl, and Pt:~;.If reIpODIC deamel, foDow direc
tions in troubleshooting section to • e ClIUIC. WhiJe monitoring haIogao.
response. also note peat obapes on cbromatognmL Deteriorating Ib.ape (i....
ina elled 1lIiIing) ofaD pcab may be _eediwrioua facton cowaed in JnlUble.
shooting section. Breakdown ofp.p·-DDT (. ced byanaDer peak plus appear
ance of another peak at retention time of p,p'·lDE) baa been found to be meed
by prior uyecDon of emlU:IS prepan:d by the method ofSection lI02. This c0ndi
tion disappean over time if no further extraellI from dial method are injected.



SymplOm PoBble Solution

'f

~ fint. I-r:r::JrinI from GLC column
and replace with condirioned 1JIIltiDR, i....
dean front end of column (Seaion fiOi):v

Replace or dean trlID8fer line.

<lean front end of column.

lteplace nic:lld reaction DJbe.

lteplac:e coIumn if liquid pba8e conlllins haJosen
or nitrogen.

lteplac:e nic:lld reaction lUbe.

~ IraDIfet line and rime with .tilMl
IOhent or replace IIlIDICer line.

lteplac:e column if liquid pba8e conllliDs haJosen
or niuogen.

<lean front end of column.

""",,-,=L, 1 I
.anndJ. ."'lJ"Of '.

Each detector manual [15-17] contalDa a IeCIion on troubIeshooIiDg dw IhouId
be consulted when problems oc:c:ur. Another reference [24J aIIo conllliDs escel
lent informalion on operation of the ElCD and potential JII'OIlkm _ Beyond
the advice offered in thOR references, these additional lUll' _ions for opcimwn
detector performance are oIl"ered:

P "1& AnIf; . "' ......Vall

Selectivi1¥ of chIGiptiifos: Replace resin in~ and Jt1IIopanoi
c:aft"eine is <500:1 electrolyte.

aum,e nicbl RKtion DJbe. Several diftDent
tubes may have 10 be tried, heanwe each c:ouvuIII
ha1ogallO fIX 10 different _to
Elevate relICtion DJbe tempeJ'lIIID"e to determine
whether IlIIDple is beiDg completely R1I"feII

Replace column if liquid phaIe con1llinl IWotlen
or niuogen.

Loa of detector sensitivi1¥ Verify J>Uri1¥ of gaoes; _ only ultra high purity
pes.

BmWIown of p.p'-DDT
to p.p'-IDE

Slow return to beseline
after 1leDling

Brakdown of anaIyrea
(but normal return to
bnelin<e after 1leDting,
normal peak shape)

SECTION 503
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rain, may be 0I'deRd from detector malmfiKrorer. as dac:ribed aboie for
~x.N'1trogen mode opcratioD is pardcu1arIy IICDIithe to failurts .........
by resin deterioration, so use of fresh resin is -akicaL

additionallCl'Ubbera for UIIe in nitrogen mode. N'ltJogen IIClUhbcrs-enJly
Iaau !l-6 mon. Howe.u. under cenain cin:umltancea IIClUhbcr may IaIt
<l moD.

water, HP~~U:paredfrom water purification equipment, or
equi9alent . product; 18 mcgaohm ttsiotaad:e required

fresh electrolyte. prepared from reasent grade HJutanol and HPLC grade
water

AptMaldlii mil R & ".
Section 501 8 provides general information OD 8JIIlIIDIUI and aeagt:D1lI RqUimI
for GLC. The section above on~X provides additional information about
replacement nickel reaction tuba, gas puri1¥. and gas filten. CoD8Ult appopdall:
WlnJJlleDt manuals for pun:hasing information and proper pocedure for rep1ac
ing the following reaction tubes, resina, IICIUbben. and electroIylI::

.tain1a8 aleCl, nidtel. or copper gas lines from gas cylinders to the
instrument

FJCD RIpODSe in the nill'ClFD mode rauJts when organic niaogen is P1*oIped
to ammonia with hydrosen reaaant gas at high temperaIUI'e. Addic: or sWfur
gases, resulting from pyrolJtic reduction ofhalogen and IUIfur c:ompcuncIs in the
reactor. are selectively J'CJDOVed by quartz threads coated with polaMium hyoIIro.
ide. Carrier gas IIaDapOrlII the ammonia into the concIuaiviI}' c:eD, where it _
soma in an aqueous elearolyte to form ammonium hJdroDIe:

NIls + up ->~+ + Olr

As a weak bue, ammonium bJdro1dde readily ionizes in the aqueouI ekcuolyte
and becomea a conducting species. The change in eIearolyte conductivity can'ed
by diIBoJution/ionization of ammonia produces a measurab1e RIJlODIt' (peak) at
the detector output.

S ; May. The ElCJ).N detector is capab1c of produdng as ID1Idl ..~ FSD
responae to 1 ng c:arIJ&ryl or 0.5-1 ng chlorfT*iCoa. As with the FJCI).X opcratioD,
lIeDIiti9ity of the FJID.N dependa on reaatoD CODdItiona, reaaant gas 60w rate.
and eIecuoIyte 8_ rate. In addition, the condition of the chemical aaubber lIICd
in the nitrogen mode wiD atrect detector ICIIIitivity.

The COIluol module (signal proce-ing unit) of the 01 4UO offen aeweraI smJi.
tivity settings, labelled aceonling to the different modes of operation. Despile the

T.-..... NIl. 84-1 (111M'""'__1lII92I
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Facton that influence operation of the EJCD..X detector. i.L, _ling cffio iency
and traIIIfcr line cIcanlincrr, _ also important paralDCfeilI in E1CDN opcndioa,
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label, the setting for the halogen mode should be 1-t during JIib.... mode
operation for~ IellliliYity.

Sde dwll,. Selectivity for N:P is much beuer than that of the NIP ckuaoc
and is the chief YIrtue of the EJCD.N; selectivity of the 01 +UO in the r.iInJIen
mode was found to be 2400:1 for chlorpyri(ol (molecular formula
9!nCJ,NOsPS):bromophos (CaH.BrO.0sPS) [25], SdecIiYit, tor N:X is abo very
high as long as the scrubber is dlicIendfremoving HX from the J"t"8Crion pnvhvu
prior to disaoJution in c:IectroJyte; N:X seJec:tivlty is higher in this mode than is X:N
selectivity in the haIotlen mode. Selectivity _ found to be 4800:1 for dIIoipyrifoo::
aldrin (GzHaCla>125]. Aa with the ElCD-X opmuion, seJecliYity of the EJCb.N is
affected bf reaction condidons and by parameters that d'ect ionlptign 01: the
reaction products in the eIecuolyte.

Any parameter that afrectII the c:omenion of orpnic: nlaojjeu to NBs i"g"....res
selectivity. The moot important of these panmetcn _ naaaat ps purity. CIJII6.
lion of the reaction tube. and reaction tellqcr_. In additioa,. the cJpemic:a)
scrubber (i.,-. quam threads coated with pocaaium h)ChoDde). pIlIad bet" Ii
the reactor and conductivity een. puenls inlelkt_ from reaching thc~
Jyte. dissolving in it, and causing detector respoDIC.

Conditiolll that affect ionization of the reaction prod-. includiDg nMUre of the
ion exchanp resin and cJcetroIyle twe and pH. aIIo in8uencc detector aelu:ti.ity,
Electrolyte pH mutt be slightly bMic to pretCIlt ncwnIi2ation 01: the 1.ac ........
nium hydro>dde; appropriate pH is malnJained by pasring the electrolyte thruugb
an ion evbange ram before it CDteR the conducIiYity ceD. Aqueous dcaroIJtc
is used in the nitrogen mode because water is one of the few newraJ IOIw:DlS
capable of ionizing a -u. cJcaroJyte like ammonia. Water purity is criIialI to
detector selectivity; the high purity water specified~ in Awu- and Jte.
8g"nIB is II« 'Y'

Incorporation ofcarbon dioDde in the cIectroIyte afrectII ils5_dele :1'·
selectivity, Carbon diozidc can CDter the cJecuolyre from 9CIlIIng 01"

from peuneation through tubinJr during blllllfa to the co c:elJ. J!ady
venions of the 01 +UO included" a Jlcn..eation cJwnber filled with all!lllOllA in
water. through which the Teflon tubing transferring the cJecuoJyte r T d ThIs
anangetiICDt _ used oD1y for nitrogen mode operation, with the intent 01: JICT'"
mining ammonia to pe¥meaII: the cJecuoJyte and keep it pJfRricntly t.ic. but it
_ Dot ",WAM tory and thc pe¥meation chamber is DO Jonser included with the
IJTICIIL The HaD 2000 _ a ....inlcrr AecI traDIfcr line to nrinimbe pe¥ , "MI
of pICIlnto the eJcctroJyte. Purging the electrolyte with ta,drosm or befinm for
1 hr. after t-butanol and water are mixed. may Uo be used to dispel carbon
diozide and air and improte detector performance [26].

It il). The linearity of ElCD-N detector it¥JDIC to lIiiJ particaJar cbcmic:al
is appr",jihaU'ly three orden 01: fDlIII'kude, within the nmse 01: 10 pg-l00 ng.
Re:rponse to each chemic:al. depending on ill cIuomatograpby and pe¥ceD",
nitrogen. bas a kMer thieahoJcl of linearity; below that leteJ, I""IpOnse can be
m! mred but is not linear. Rerponse to an amount beyoDd the upper 6mit of
linearity often appears as a double peak [!O].

T.-.... .... 84-1 (tllMJ......_--
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POIIIIibIe Solution

Replace scrubber.

Replace nichJ reaction tube.

Replace older 01 44ZO detcetor base.

Replace scrubber.

p . • Ie AneIJCic8I MBruII Vol. I

although ure of a scrubber in the nllJOFD mode nriniml_ blllllleJ line c:onlllDd
naIioD. As with the ElCD-x, the opdma1 poIition for a capiDary column in the 01
4420 detector was found to be between the 'VeDt line and the reactaJlt s
inlet [25]. In addition. the detector operations delcribed below an: cri1iad to
acceptable detector operation.

eo....-.·.... ofr I .. ...,... An importanl parameter for ace:epcabIe performlmc:Je
is electrolyte composilioD [is]. During early ItUdles c:L the 01 4410. SO'" It

propanol/waterwas recommended as a tqlIacemenl for 0.1'" hexanoVdeicJniacI
WIlIer. originaUy recommended by the manufacn.trer. In the meantime. hOWCiU.
10'" HlutanoVwater bas become the recommended cJc:ctrolyte for 01 4420~
gen mode operation; 50... n-propanoI/water is recommended for HaD ?OOA and
HaD 1000 detectors. As dlscDIlIIed abo;oe, water purity is aitical in the nitrogm
mode.

Follow the aplicil direaiona from the appropriate detector manual 10 _ up and
operate the m.c aystem with ElCD, and incOrporate special direc:tioDs diM , d
aOOve. induding -.- ofhigh purity (18 megaobm resilImnce) water and ¥roFn
purging c:L the mixed electrolyte prior to use. wbenewer electrolyte is c:banged.

O-Udoa of ScnIIJIIer. The scrubber can become exhllgted and mUll be re
placed when the detector begins raponding to ba10geItated compouuds. sm-.
containing halogen or IUIfur should nOl be ured in the nitrlJFD mode """'
th~ wiD rapidly deplete the lICIUbber.

KeaM'HiiH':hd OpeI......(M.W" •

Currently. there is no standardized 'l::;".=tability check performed by
FDA laboratories for ElCD-N detceton. system IUimblllty tellS may be
found in detcetor operation manuals. It is recommended that a solution c:onmin
ing at least one compound coolain1ng nitrlJFD as the onIy betuoatom. one
halogenated compound, and one hJdrocarbon be injected into the .,.rem; a pr0p
erly functioning aystem should show no raponse to the halogenated compouud
or 10 the hydrocarbon and should have no imated (below baseline) peab.

Detector operatiolla manuals and Reference 24 each coallliD section. on trouhle
shooting. In addition. the following suggestions for .:t:::::uu detecwr
performance an: baaed on the FDA ewaluation of wide bore and 01 4420
~CJ).N for determination of nitrogeu<ontaining pesticide residua in food:

'J'roorbl 0........

Poor linearity

Peak tailing
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• Do not aDow aohent return line to dip below smface of aohent in __
wir. VlOIati1o:is rule will lead ao hidup of aohent inao ........mn tube
anytime gas is inadtertently stopped.

.....'..._ ...'nl84J_1lIll__

Vent iJYection long enough to _ ~ ofaohen.. orwGdle smup1e
eo«:Xti'8Ctift that can inll:ime with detaminatioD. Adequate_ling_
proteel5 raction tube and conductivity ceIL Vent lime of 05-0.'15 min is
adequate for wide bore cohunn and Hall 700A deIector; 0.'15->I.3 min is
required for or 4420.

• •

• When carrier gas flow must be intearupted, e.g.. to dJan&e~ or
septa, cool reactor fiJmace 6nt. Expcwaue of Dickel rar1icm lUbe to
01f8Ul at high 'eIIlJltrollUl'e lu••iabI)'d~1IYDCIe and -Dr
requires sublequent replacement of tube. reheating fimIace.~
ougb1y purge .,atem with carrier gas; 15 min is S1d1kient when 0Ip'1Jary
columns an: used.

Replace eJcaroJyte.

Replace older 01 4420 detec:toI' J.e.

Excasille noile Replace~.

Replace gas liDe fiIren.

Replace gas.

Check for tempeJ'lIlUI'e 8ucluadonI and conKt • - 'Y.

Replace nichI reaction tube.

Check for and conKt gas flow '-biJilies.

Remove bubbles in or ceD by turning pump awitdl oil for
1-2 IIeC, then turning on, or increuc pump spc:ed to "yHl"'.un
for 1-2 min.

• Awid injecting standards or sample estneb in sohen.. CODlalning
b.aloJlen or niIJ'oReD. Even though the aohent is venleC!, uaas may re
main and affect detector operation. This effect becomes critical in caees
when delector seleaivity is already poor.

• Maintain co_t carrier gas and reaaant gas flow at lID dma. Red!JCing
gas fl.- overnight to CODlCl'ft: gas may n:sult in «!jmjnjshed idfi"N U
when detector CODditioos an: re ! labJisb«llbe nen day.

The foDowing precautiOIll should be fon-t to _ optimum perforDYllCJe of
the E1CD in bOth halogaJ and Ditrogen mocfa·

• Awid cohunn Jiqoid pbaIa that CODtain haJosen or DilnJlal. M _.
the phase may bCeecl and de-<lCtiYale the n:aaion tube and/or raiIe the
conducttrity of the electtolyte.

SECTIlN 503
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The nitrogen/phosphorus (N/P) detector is leleahe to residues conlaininR
nitrogen and/or phosphorus atoms.. Modem NIP detecr.on ewolw:d from x..Ji)
and Biachofl's 19'14 design [Z'7], i1le1f an eYOJution of the~ c:hloride
thermionic detector (KCil'D); the KCil'D, introduced in the mid-196Os, _ the
first leleetive detector for phosphorus residues [28]. MOlt NIP detecr.on U"e~
respomive to phosphorus than to niuogen, but this section emphMjwa _ •
a nitrogen-telectiv detector, becIlllle the FPD-P (Section 505 C) is pteferred for
phosphorus residues.

Although NIP detectors U"e aeIeaivIe and senaitive, problems _cdued willa daeir
reliability and IV'I'fnrmance ha1Ie deterred their routine Iiauion for JM'I'iride
residuede~on in IDA laboratories. In addition. th~IP'sability to diaIin
guish residues from sample matrix unequhocally is hindered by the praenc:e of
nitrogen in many commodity~ a dlIemma common to aD nia.....
deteCtors. Despite theIe shortcomings, an NIP detector, optlmivd for nia.....
selectivity, can play a vaIuahle role in examining eDJadlI for residues; many .-
lic:ides concain no other hetcroatom than nitrogen. ItapoDle of the NIP deceaoJ
also pnMdes complemenwy evidence about element(s) praent in a RIidue,
infonnation often needed for confirmation of identity (Section 103, Table los..).

Several different manufiu:turcrs produce N/P detcetors. Among thcsc are:
Cbrompad:. Inc., Raritan. NJ; DETector Engineering Be TedmololY. Inc., Walnut
Cn:ck, CA; HcwJett.Pacbrd CoIDflllDY, WJlmington, DE; PCItin Eimer c.mpe..
lion. Instrument Dmsion. Norwalk, Cl; Sbjmadzn Scientific lnsttumentl, Inc.,
Columbia, MD; Tremetria, Inc., Auadn, TIC; and Varian lnstnImcnt DivIIIon, Walnut
Cn:ck, CA.

GLC column cIf1ucnt impinges onto the IlUface of an clectric:ally heated and
polarized aIbIi soun:c in the p_ce of an air/bydrogen pJasma; ionization
occurs and the Dow of ions betM:en plasma and an ion colIcaor is amplified and
recorded. Deteetor nspoDle to analyt.cs ISUIts from the inac.. ed joojzarion dIat
occurs when compounds containing nitrogen or phosphorus elute &om the
column. At gas Dow rates used for NIP opention. the degree of ionizau
of compounds conralning nitrogen or phOllphorus is >10,000 limes graIa" than
for bJdrocarbons. Mechanisms dIat "plain the enhanced nspo_ to r.itaog_
and phosphorus are not ,u fuJIy undCl'ltDOd and U"e beyond the scope of this
manual; both gas phase ioniDtion and surliIce ionization pro--eplS ha1Ie been
proposed [%9].

Ddp

An NIP detector is similar to an FlO to which an elecIrkaDy heated~ of
aIbJi has been added between thejet and the Ion collector, Figure fiOS.k provides
a schematic diagram of lYJ)ic:a1 components. CommerdaIIy aWiIahIe NIP designs
vary considerably, with "different collector electrodes, collector polarity, and
optimum potential ber-cnjet and collector; FIgure !iOS-I diIpIa)os IeftI'lI1 of thCle
variations. The mOlt important component, the aIbIi IIOUI"CC, is ...any manufao.
tured by impregnadng a gJass or ceramic matrix with an aIbIi metlIJ saIL Varia
tions among albIi soUrce designs represent attempts to optimize selectivity to
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section SOl B provides general infonnatlon on lIpplIIUJJI and n:ageulB requiredfor GLC.
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nitrogen (selectivity to pbOlPhorus __ hydrocarbons is adect- for _ de
signs), detector operating IItability. and source~ for eZtrndcd operatiug
life. Some but not aD detector models permit lMljuatment oC the aIbIi lIOIUR:C

height abow: the jet for oprimiPtion oC IleDliIirity and 1dec:liviIy.

All NIP detecton provide eJectronIc heating oC the aIbIi souree to 600800" C.
The plasma in the region oC the salt is I1J_loed by fICNI oChydaogen and lIir. The
alkali IICJIJn:e ahibill longer operatiug life and more IllIbIe and rqmxludbIe
respoose under thae conditions than in the preleDce 0( a flame.

Betel COl a-.:a l ' .....

Appu.......1 II-

S "1'1&). NIP detecton are capable 0(prodndnJ deuaabIe peab in ICIJlO'III'"
to • little • 5-10 pg nitIogal<OPrainlng co::x:: or to I~ PI phOlph
containing compouna. [!!O]. FDA experience'· that the paticide forwhich
the greatest NIP response occurs is diazinon. which contains two nitrogen atoms
and one phOllphorus atom; 25 PI diazinon should ClIlMe a letIpOIIR' 0( appcui-
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mately 5~ PSD; tebutbluron.
with tour ni~n afODII (no
phClllphorua). requIns about 50
PI for 5~ FSD reIJlOIIIIC when
=:ES:bed on a widebore column at _

IeDlitivity (Appendix I,
PESIDATA).

NIP RDlitiYlty is mOlt inf1u
enced byhldroRm flow and the
magnitude of h"::'J CWlent
supplied to the • -m:c.
AIbIi IOlIJ'CIe palition mayaf£ec:t
RDlitivity. but not aD deaigDI
permit adjuatment of source
height. llespoDR diminishes
over the Iffiitime of the alkali
source. Variation. in ItliflCIGlIe
Ire also ICeD among individulIl
albIi IClURll:a.

8

C

8

c

s

A B

1Cian........ &41."....._ .......

F' ......~ M8IuII Vol. I

Detectoru..- to nitrogen is
_ affected by h,mogm flow
tate. with response ina '"1_
h,mogm flow deaaaa; 0pti
mum flow for the paniailar

C 0 deteetor mIlll be determined
expetimentaDy. 1)pical I1yIII&

~- .... ' ••alJaIln\Mlor&SanI, ........= .... -.. flow rate for 0"""""" oj.
~ a.••_""", llloPIriIII& O'Il11l121'" H.H.. ond -... ::;;;..... _ .....,;_... 1~-mL/mm.'
D.G.. ul.~ 7•..,-. P. L. F9re 7.2, Po 144.1 __.._ 0<:1lOI_._, ...

lleIpODR also increua with
increaIing albIi -m:c ClInalt,

but Iitde improvement is ,..ati-t. brouIIC detector IJadIround em also increase.
Lifetime of the aIbIi IOlIJ'CIe may also be lIhorteDed by operation at higher ClInalt.

Response to nitrogaI compounds is DOl Ilric:dy pIOPOl1ioDl1 to the IlIIIOODt of
elemental nitrogen In the molecule; variations ba.ecf on molemlar sU1JdIII'e 0c
cur. Although the reactionI that occur within the detector p'aPna are eIl'ec:tiwe in
dccompooing anaIyta into common sped.... thOR compounds that easily decom
pOle to the qano radic:al UIWl1Iy cauR higher leaponoe than do amide- or niuo
c:ompounds [%9].

Set! IMIJ. Selec:tivity of the NIP detector is about 10'-10" for N:C lesp"._.
104-!i x lOS for P:C responrr. and o.I~.5 forN~~ [19]. Faaon that
af£ec:t detector IeDIitivity do nOl alwaya afrect lICkcU timUarly. While both
sensitMty and RlectiYity to nitrogen improwe with deaeMinrJ IrJdroBcn flow.
only sensitMty (but DOl RIec:tMty) irnprcMs with -m:c heating c:urrent, bccaDIe
background noile and response to other elemenla increloIe timullllilCOIllly.

u.->Ity. Manu&cbJren of NIP claim linearity of raponae ower four or fige
orden of magnitnde. No IDA IIIndies June been done on modem NIP deteeton
to measure detector linearity relathe to amount of pesticides Labonttories UIing
NIP deteeton mUll evaluate the linear range. work within that range. and match
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peak sizes of residue and standard within 25% for IICCIInk quantilalift: deleuDi
nadon.

Deteaow Tempa I eo Detector output is wry IeJIIiIhe to tmIpeIlUIJI'e c:banp
within the _ zone when: ionIzation occun; for 1lCabilil}' of operaIioD, condi
lions that permitYariations in temperatuJe should be aw>ided. Tempenaure of the
aIbli source is conllOlJed by the e1ectrical c:ummt at which it is operued but is
also afl'eckd by hydrogen flow and, to a Ieaer-I, the rate of air and column
carrier gas flowing past the soun:e. The dercctor waDs are hrMM 1efIUlIIdy.
Slabilil}' is~ when the NIP detector iuelf is operated at a~"I_
lUre. because this minimi.... the temperature gradient between the . -.n:e
and the lAJJ1'Ounding wall; reducing the gradient mjnjrnjps c:banBe in IOUIa:
temperature that oc:cun when high concentratioDl of analytes ... tbroup the
det«tor [29].

Ace ofAIbIl Sow_ Each aIbIi soun:e hal a finite Bfedme. _cuaIIy each .....
be replaced. Both sensitivity and selectivity deauuc: • the lIOUR:e lIFIo 10 .....
calilmllion of detector perfOl1DlUlCJe is required. Source lIdivity can be OOI*5ted
by ftlducing hydrogen f1cMwhen the detector is not in UIe; hoWCiU. _u&w IIiIU·.
instructions reguding IOUI'a: current and gas flow must be folio sscd carefully
to &Wid desttuaion of the source. Operation of the dercctor at the lowest lIOUR:e
current compatible with desired sensitivity is also recommended, • is ..........
nance of the detector at lQO.15O" C when not in _ to prevent __ ••wl(lensa.

tion. Because degradation OCCUJ'II more rapidly with higher source heating
current, increasing the electrometer sensitivity to IUintain conant det«tor
sensitivity is piefoable to increasing soun:e heating current [29].

Replacement of the aIbIi source and re ItaNisbment of oprinPlm opaaling
COnditiOUl can be troublesome and time<on...mjng with ItOIDe dercctor d k"
Design quality is at least partlyjudpI by the stability of the lIOUR:e iueIfand _
more 10 by the ease with which the soun:e can be repJaced and stable operation
re r::s'ab&bed.

G-. Dow SIlII...,. Scable flow of hychogen and air is critical for mn...t and
linear raponse. High~ flow wha, standard ""I"........t OIl _
chrollllltopaphs, may be . for acceptahIe operation.

Po... of (pi Oadd. For maxjllPJlll aensid9il)' and apt;".' peak sbape.
the GLC column should be positioned about 1-5 mm from the tip of the del........
jet. The column should not P.!OIrUde into the tlame, l'e' as.. the polJimide awt
ing on capillary columns wiD decompose and the resWting ..mogen produas
cause high bIIdground signal and noise. If the column outlet is too &r bdow the
tip. peaks may Iail and/or be nduc:ed in size bean·... of the dead volume between
the column and the aIbIi -.n:e [1IO].

SuI: 7 .... R , '11, Use ofcertain materials can have a deuimenlal eI&ct OIl

cf6c:ient operalion ofN/P deIeaorsandshould be avoided. For........tiDII
of extraclIcon~_ traee lUJIOUJllS of anotonitrile can __ IarJe de!cetor
rapouse and pn:eIude euminarion of the early eluting portion of the c:hromato
gram; such exteadS must be evaporated or azeOlloped toI~ lIII acetonitrile
before injection. In addition. halogenated sohente may destroy the aIbIi souece

_""' ..., ItJIMI----
"



I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I

P "'1& AlIlIljticlII MiIruII Vol. I SEC I0\1 503

and thus should not be injected. (Some NIP deteclon are cIrsignrd to permh me
of IIalogetJakd sohm... but this Dl1JIt be ascenained prior to iDjec:tion.)

Packed column stationary pbalea conrainln~Ogroup (e.g.. OV-2!5) are un
acceptable for use with NIP deteeton. uivalent bonded pbue capillary
columna have little bleed and may be acceprable. howe",.. Other mataiala to
aYOid include those Imown to cauae problems in many GLC ¥'""S, e.g., sepia not
designated for high temperature use. impurities in gueo, and leak-detecting
solutions.

Cenain common materiallI can appear as conlamluanlll in cIetenniDadoDI using
NIP detectors. NICOtine is uma11y detected when cigarette PQOking OCCUD in the
vicinity; ifphOllpbate detergenlB are used to wash g!aIIware, or if the GLC column
or glass wool is treated with phOlphoric add, trace amounts remain and are de
tectable during determinaUon.

Recxwm·rMen del' 0peratiIw"we" f.

The foBowing directions, adapted from the iDltrument manual for" one NIP de
tector [511, have not yet been tested within FDA but are ptClJlC*'d as a way at
optimizing detector operation:

• FoBow mannfacturer's din:ctions for in_Dadon and operation. Pay
pu:ticular attention to recommendations related to the albIi -.we,
mcluding situations that should he aYOided to pretcnt ilB destruction.
Use of wide bore capillary column with _lion gap (Section !102 C)
is recommended; makeup gas should not be nee " ifcolumn canier
flow rate of 1~20 mLlmin is used.

• FoDow mann&cmrer's dIn:ctions to e9aNish detector operation selec!
the to nitrogen. A«ljust detector pIIl'IUIIeten and inslrument attenuation
so that 1.0 ng cblorpyrifOl causes 50~ FSD.

• Prepare test solution containing 2.0 nglpL azohemene (conraining 510
pg N), 2.0 ng/pL parathion-methyl (110 pg N and !30 pg P), 4.0 ngI
pL malathion (SIlO pg P), and 4 pglpL n-bepradec:ane (5.4 III C) in
iaooctane.

• Inject 1 pL test solution, and lMljust detector attenUation and I'lUIF to
keep peals on scale. EDtDine relathe responses of detector to four
componen1S; negathe dc:flection of pen is normal in area at eolvent
peat.

• Ezperiment with effect of hydrogen Oow on detector se1ec:tivity to
nitrogen by re-injecting test solution after changing bJdrllIen fIoIf rate
in incremenlB of 0.5 mlImln.

• Baaed on esperimenral -.Its, use bJdroBen flow rate that prodnCft
gn:atest ratio of iCsponse for pantbion-methyl:maI'dMu, _long _
azobenume peak is 0!:4 times heptadec:ane peak at that 0-; maIathiou
peak can be expected to always be larger than parathioIHnethy peat.
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504: QUANllTATION

504 A: IV'ILD.X:'/UII

Accurare quantiwion of pesticide residues identified by GLC is.. of aitk:aI
importance. Whether the aDlI1yIiI bas been performed for purpcIRlI ofJDODitoring
or for enforcement of n:guJaliODJ, the c:onsequences always have potential 10Dg
term impact. All anaJ,sea that claim to produce quantilathe rauJD mUll be c:alcn-
Iated in a consistent, reIiahle manner.

504-1

:::a:;101 504

detector rapome to IIlIDdud

quantity of analyte __~CJ'~"~ft~lity~of~_~nda~rd~__ .....:....._=--_..:......- =
derector response to anaIyte

~tity of anaIyte, the unknown value, is readily calrnJatrd from the m-n
quantity of IIIaDdard and the IIIelIIUI'ed detector reIpODIl:I.

This section _ that the tint two COnditioN for accurate quantillldon, u..
lUXUJ'llte reference IIlIDdarda and a Hnear GLC IIJIteID, are met. Only t«bniques
for measuring derector response are discnlled here.

Accurate quantitation depends on me of accurate u:facu.:e flandardl, use of a
GLC IJIleID whOle respome is Hneady proportional to the weight of chemkal
being detecu:d (or for whOle nonHnear reIpOme ~nltloeDtcan be made), and
me ofproper teclmique for meaauring detector respoDICI Gnen thae conditiolll,
quantitalion is based on a simple proportion equation, La.:

Measurement of detector lCSpOme for use in the above £onnuIa bas -,jtjoully
imohed manual_t of the peak dw repteICIllS detector ICIIpODIC on
a chromatogram dr.nm by a strip chart recorder. Section 504 B proviclc:s directiom
for the most pnaical ways of manually meaauring pcab.

Modern automated data handling IJ*lCDii electronicaJIy ina; the cIc:fector
output signal and produce a numerical representation of g.~
directiON for such systeIIII are not included in this manual, awcva, becai....eKh
is unique; ana1ysls using electronic integration IIIUIt foDow the directions provided
by the mamdBOllrel. Sealon 504 C provides l5'DenI guidance to the 8ppt'OIIriate
appIic:ation of electronic intqp'ation and adYice about _iding pidaJIs-that can
occur.

Whether the detector 1CIpO'ft" (peak) is me.wed maDuaIly or electronicaJIy,
proper poeitioning of the baseHnoe below the peak ill critical. Aa:uracy of the
measurement depends in pan on how weD the detector', iCSJlOl'R to the residue
can be diatinguilhed from its iespoDlC to sample: coauaaivea and e»eluIing
residues. TypicaDy, a n:aidue peak in a sample cbromatogram iIIlIJ' occur on •
sloping 1JaIC:Iine, on top ofanother peak, or incmnp1etely IICJIIU8lIld &om mother
peak; in OODl1'alt, the refetena: atmdard IOlution uIuaI1y taDICI a aingIe 'pumelri
cal peak.. ~titaIive aa:uraq is aaa:ificed if the residue peak', bII line is not
properly delineated. To measure peaks manually, the lIillIIyIt DIDIt literally draw
the bMeJine on the chromatogram before me.uriDg; to use auiOIIllItA:d m ne
men.. the lIillIIyIt mUll configure the system to incluile only dw pan of the IiguaI
dw can re8IODlIbIy be assumed to represent the residue.
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Peak height mel!lW'ements aR RCOmmended for early eluting pab. peab of
width <10 mm, and very small peab. If liiII!Iyte and idieJeuce mndanl paW aR
narrow and approximately the lI!Dle me. comparison of peak heights is ..........
ject to measurement enor than is IrianguJatiClll. Peak hdpt__aR
very IICIllIitive to chaDga
in operating conditiOIlS, FIgIn~
10 operating pI!i1IIDCteD .......".. •••_ ••_,--*
must he closely con- \1
trolled for accurate ) C
quantitation.

To me be peak height,
construct II badine be
neaththepeakand_
sure the length of the
perpendkuIar fiom peak
apo< iO midpoint 01 the
c:onatrueted""-tine. In
Figure 504-8, this is~
raeuted by line AD on
Peak 1.

Mu. ep1ofAIWbr'l'rliull .....

Measurement by IlianguJation imo1fts drawing II IIiangIe that approzimatea II
peak's dimensions and calculating the lIRa of the lliangle. This method requires

Appropriate selling of the baseline islnu:graJ to the din:cti0llS below .... m II'
Ing the peaks. In lOme cases, choice ofappropriate baseline for panicuJar nsidues
will be shown by eumpIe.

5D4 B: MANUAL GUANTlTATUlI

Many methoda of quantilaling gas chromatoRraPhic peaks haw: been JIRIICIllCd
in the literature. but through the ,ars IDOIIi Jaboraioria that peDClIDl __
measuremeniS ofpeaks haw: RUed on the lWO"~~:;hes:_t
of peal height and measurement of area of the e that '- fils the peal
(-lIiangulation-). Peak area is the mOR acc:urate iepraentation of delleCtOr
response. but peal height is II juatifiah!e IIppmaimation of area when peal shape
makes height~ to area. Advancea In column t«hniques (Secrion sM)
haw resulted m unprcm:d peal S)'iIIJDCtry and resolution, thus enc:oungiDg _
of peal height for quantitation.

Other te<:bniqua for __ meaaurement of peab line been deM:ribed in
varioua chromatographic texlJ; thae Indude caJoJlarion of the product of peal
height and width at halfheight, product ofRtenDon time and peal hdpt, weight
of peats cut fiomchro~peak area iIICIIItti'Cd by II planimeter. and peal
area IIlClIIUI'Cd by a meehaDJaJ integrator attached to the recorder. Co".......
of results among lOme of thae teebniquea indkatrd their 'IIIIidlty UJ. but JlODe
aR described in this section because they aR IiJDe.coIuuming and moR diIIicuIt
and offer no significant advantage ow:r thOle presented heR.
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When the chromatognun baseline
slopes under a peak, the line
dropped from the intersection of
tangenu does not _ as an aa:u
rate measure of height because it is
not perpendicular to the baseHne;
I.g~ YtgUre 504-b, line AD in triangle
ABC. To measure the area ofauch a
triangle, draw a ~dicuIar to
one of the tanpu (CE in Figure
504-b). Then use its length as the
triangle height and the 1ength of the
tangent (AB) as the base. Calculate
area from these values using the standard formula, i..., 1/2 (AB X CE).

extteme care in c:onsttuetion of the trilIIItde and in meaurintr: illl cIiDJmsio_
SpedaJ treatment is required for peaks on .roping JweUnes and lOr W:wed (-,..
meuical) peaks. The teclmique is sul!lect to error when the peak is DlIII'OW but is
t=~ned.-r measurement ofpeak height when the peak is >10 mm wide: at the

T04i01IIlnJCt the triangle, draw a baweUne below the peak and draw infIraioa
tangenu to the peak, as shown in Figure 504c, Peat 2. Drop a .JM:lP"DdicuJar
bisect from the coJlltrUCted apes to the baseline. Measure triangle heigbt (1ength
ofbisect from baseline to coJIItrUCted apex, CF in the fIgun) and the '- (1ength
of baseline between iu inteneetioD
with the tangents, DE in the fIgun). P!gIa'-.8OM
Calculate area as 1/2 (bawe Xheight), 1nIInguIIIIan 01 P..t lIIl 81....IaaIr... D I_
i..., 1/2 (DE xCF').

Skewl:d peaks present another clwl1engc to the wIidIty of area meB:uement by
triangu1aIion. As a peak becomes more skewed, Iaa IIDCi Iaa of its __ is included
within the triangle dr.nm to app.... jma... it. Skewed peaks may he tailing orfronting,
depending on what physicial phenomena c:ansed the poor chromatograpby.
The prefened solution to quantitadon of W:wed peaks is to impJove chromaIott
raphy sufficiently to ClUlIe peaks to he symmetrical. Use ofa more polar column,
changing column or inlet temperature, or optimizing the injection IIJIIteIIl may
effect the improvement.

Ifmanual quantitation ana he perfuimed on a W:wed peak._t of the
area using the formula for calcnlating area of a trapezoid Is preferred [2]. 10 this
system, peak widths at 15 and 85~ of height are me I ured and used in the r..
mula: area = 1/2 x height x (width. at 15~ + width. at 85~). CaJcu'atiNM
performed in this way Iurte been shown to lICCUI'lIlely represent peak area -.0 for
IDa singly W:wed peaks [5).

I!Iectronic integration deW:es pt09ide laboratories with powedW tools to acc0m
plish their work more eJliriendy. Ow:r the yean, teehnology bas prop! 1w:1y
lDlproved from simple desktop inlqp'atOn to softnIe prognuDS operated by
computen at aD capahiHty I_Is. The more powerful "aulODllllI:d daIa handling
systems" can automate the entire deterlllinaliwe step, including monitoring of
instrument temperatures and flow rata, operation of autoinjeaon, acquisition of
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SECTION 504 P J 'hAl.; 5 ........VoI.'

retention tima and detector responaet, and interpreWion of thOle YaIuts for
residue Identification and quantillltion. Unauended opcraIioo of inIII'umenll is
COJDlDOD when automated II)'IltJDS are llYlIiIabIe; IClIDe 'JIteUl8 are capable of Ii
mulaaneouo IJllIDaRI'IDeDt of multiple inouumenli. Auromaa dIUa ha11dlinc is
often incorporated into computerized laboratory informadon man ta:::n.,.
temo capable ofproducing both the fina1 JaboratoJy report and the ..
tion neu:&Qj1 for quality assurance requiremenll (Secdon 206).

Discussion of entire II)'IltJDS is beyond the IICOpe of Ibis lIeClioJIl 'Ihe focus is
jmtead on meaoumnent of peab by dedronic inlqraCioD of the oipal produced
by a detector, LL, ,mnmation of the~ in electronic oipaI per unit lime.
Beyond that generalized description of the mtegralion procell, each .,.... oper
lIIei under a.unifJue "integration algorithm· tbat opecifieo how it wiD eta- what
part of the oignaI to integrate. The lICC1JI1I'f with which the .,.... can " Cit:
detector response to a panic:uIar anaI7te depends on the aJ&oritbm itself, OIl the
configuration options aYailable to the user, and on the user', OOIIICientioum_ in
choosing appropriate options. If an eJearonic integratnr is proped)' COIlfiBwed,
ill measurement of peab is the faoreot, _ lICCUJ'lIII:, and _ leprododNe
aYailable.

Mlgor pidiIDo eDt, howewu, in the uncriliclJ of .-.Jts~
by electtonic integration.~ configuration ::r::mthm, to tIi.e _.
permitted by the II)'IteID. is cnticaL After chromatograms Tum: been run and _
oullB~ted, I'e\'iew by a competent analyst is aeenlillJ, becai_ no int.qnalion
algorithm can ever handle petfecdy all the wrlaIiona that occur in the~
graphic environJlleil~ 'Ihe analyst m.... undenamd the concepti inc:orporab:d
into the algorithm, be able to interpret the visual display of the cItrcJmamBnun
provided by the i)'iteDi, and ewJuate whether integration _ appropriately
performed.

Data .,..... that perform dectronk integration 1IUY in the a_I ol "Jnemw«y"
available for storing data. Although oimpIe intqraton have only enough II'CD'«J'
to procell one chromatogram at a lime, computeI'bllled IJ8leIIIi can UiUaIJy_
data ~ted with many c:hromarotIra-- In the latter calC, when review of a
chromarognun ouggw:sIi that the original integration _ petfotmed iwpIupal"
the .,.... can be RCOIlfigured and a new caJcnlation IIIlIde from the tton:d data.
If the i)'iteDi Iacb the memory requital to permit reaJenlalioD, the sample iDUIt
be rechromatographed with the integratnr reconfigumL AIternati9dy, the peak(s)
can be IDCMlII'ed manually li"om a printed c:hromatogram.

OptImum quanrilalion aa:unq with any dectronk integratnr is depeOOCl't 011
the operator's mVing complete CIIe ofoptions awiJahJe within the inregrarm-. 'Ihe
following approach is RCOmmended:

• Configure integrator for the GLC IJSfCiD. At the minitmliD, configure the
integntor for the patticular GLC IIJIleiD in use, tadter thaD openting
with defanl! setIinp. Jleofdop an integratnr c:oafiguratIon for each GLC
i)'iteDi routinely uoc:d. Store inregrarm- seuinp • a "program.. if the
i)'iteDi permits, or keep a written reconI if nec ry.

.=~=~~~:=~~:.'!.:=
features and the conditions that determine them include: bnrJin.oe noise,
.....,mgwith type ofdetector; apected peak widIbo, dependent 011 m1umn

11;= __ IM-1(1J1M)----
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and condiliool; and inclusion of a IOJgent peak. dependent on whether
or not oohent is 'Vented. MOlt elcctronk: intqp'8t01lI can be configured
to specity the fonowing options:

1) Size (in whateYer value the intqp'8t0r seneratel) below wbich a
response is not recopi7.ed 81 a peak; sometimes c:aDed -area reject.-

2) Range of peak. bale widtha within which detector lell"'N_ is t'flCIIlt
Dized as a peak.

S) Increase in baseline IIope above which detector 15pODIe is t'flCIIlt
Dized 81 a peal; laened to as "thraboJd.-

4) Appearance of multiple inflection poln" before the~~ to
identify the existence of two or more peab when no "valley'" esiIIlI
between them. Some IJIleiDII can cIaaifY such -1bonIden- 81 front 01"
rear.

5) Slope of peak. above wbich reaponae is let ognmd 81 lhe IOhent
peak; can be apedfied because IOIvent peak. riles falter than _
other peaks; wlue depends on del«tor.lIeDIilivity. and column effi.
deDcy. May aIao permit recognition of peab that lIppelU' on the
tailing edge of the I01venL

• Use integrator features that demonJInIe ilB operation. Molt e1ednmic:
integratolll offer the option of displaying. on the c:bromakitpam, an
indication of euctly where lhe_tswted and ended Some
integrators can also be configured to sbowwhere lhe baseline _ chawn.
The anaIyst should take advantaF of lhese featura by c=hocwing lhe
option to print such iDdleatorl and should lhen use lhem in IUlwquent
collljlllrilon of integrator measuremen.. to the chroma.. 'iPam.

• Configure integntor to accommodate panic:uIar~ An
integrator COIIfigured by a pre-cstabJiobed~ for a particular GLC
S)'BteDl may not m urc peaks accuntely if the c:hromab'iPaJll indudes
responses to~ or an unezpccted1y compJia..... paaem of
n:sldues. ChooIe other optiona for c:onfigumion ifapaience with the
commodity. method, or likely reoiducs ........ in achaDce what type 01:
cbromatogram can be expected. FO~lc. if the c:hronw"'iPaw is
likely to con1Bin isolated, I)'DUDCtricai on a 8at, quiet b.. line.
configure the integrator to match width seleaion to m lied
width of the peak. at b~':;.~"and set the tbreIhoId a few UBi.. below
the highest value still of dcteaing the peak. In con~ if the
chrollllltogrlllll II .ly to contain peaks c:IuItered together 01" with a
noisyor sleJPinll baae!in!:. cxmfiaore the integrator to aa:ommodatc tb.
condltiona:TabIe 5044 lis1B die effeaI produced when the two _
important integrator settings. peak. widlh and threshold. are Yaried.

• Review inu:grator 1IlClIIIWaDCD.. and reconftpre for lIllCUlIIC)'. The
anaIyst is ultimately responsible for aa:urate quantitlltion. 10 review
and evaluation of c:bromatogramI and integrator repons are eaaentiaL
H examjnaritJn rewaJa that the integrator inappropriately induded or
excluded portion(s) of the chromatogram, the foDowing integrator
options should be cbaDged and the peak. recalculated:

1\I.............'IV94) 504-5
FamIlM _1IV82I
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PeakWldtb 1braboId

High High

High Low

Low High

Low Low

Only...peats cleeec:tied; raadom naDe eI'mll'Ned

Trace kid peab cleeec:tied; naDe aIIo.......,.mwt ..peab

Peab em o\opiDg b Un,* demam; naDe _ detieclecl

Narrowand broIId peab bodl de_1IOd (low pal<width
permiIa .-.guIdon oluarlW'peab.while Iowduabuld
pennilS~orbnledo:r peab)

- Reposition bMdine to appropriate bMe of 1he peak(a).

• MelIIlIl'e peak(a) appeariDg on lOp ofmuch IarJer peak from hll liM
constrw:ted to repraent ri:mainder of larger peak; lIOIDetimea called
"tangent atim.-

- Identify point at which to split incompletely raoIved peW, ie.. where
to end integJation of one~_ and IllUt integJation of the DellI;
IOmelimea called "split peak.

• Delete one or more peaks from intepation; dUa doea not reDlOIIIe peak
from chromatogram.

- In~ area within chromatogram .. alngIe num!Jer; lIIdiJI when
mulucomponent raiduea, II1ch .. lOlIlIphene. are being _ I UM..

ChroJDatotvama that dilplay resjdues ofD1ultioomponmt chemkala or mildmea of
~ or more reaiduea cbaDenge the chemist to perform aa:urate -.remc:Dt of
peak size. Quanti~ IlCCUI1IC)' is further c:baIIenged when 1he residue baa lJIIIIa-.
gone degradation and the )lIIlteID of=oelI not DJ8tCb that of the _
app~riate reference standard. The fi . procedurea lOt" quantitalion ofa:r
lain cIifficuIt reaiduea bawe been dfteloped . yan of praaic:aI aperience.

BHC (...........BCII,. +dibGC"~+· ..)

Tecbnic:al grade BHC is a mlltture of IiJ: chemkaDy dWtiDet iIomen and one or
more ~eunelland octIIChJorocreloh~nea [4); .. a praaic:aI
matter. die isomen-a, Po "t. and 3 are the only onell _reported by FDA. The T
isomer is also known .. JindaDe and is IDlIIhted .. a ICpIIIaIe paddde. Qurently.
U.s. tolerances for BHC bawe been revoked, but residuell are sliD found in
imported commodilies; U.s. tolerances for lindane remain on IIeftIlll ClOIDJIIOdi..
ties.

SECTION 504
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• Quantilale each iIomer reparateIy against a standard of the i [ ... cctive
pure isomer.

Ng Required fOr 1/2 PSD .... 0I11e1tdathe 110 linc'ane

""NiEC ElCl).X ""NiEC ElQ).X

0.24 0.41 UO 0.71

0.72 0.50 0.45 0.58

0.51 0.19 1.00 1.00

0.55 0.49 0.94 0.!l9

Residues of BHC can be expected to vary in reIaIige amounla of the indiwiduIll
iIomen for several reasons: (a) Separate use ofboth SHC and lindane II pewo"ble.
(b) commercial formulations vary in the perceDllIF of individual BHC iIomen
present, and (c) iIomers undeqjo diffen:nt rates of melabolilm or enviromnental
degradation; &g•• the elimination rare of iIomen fed to raca _ !I -as fOr the
IX, 1. and 6 iIomen and 14 weeks for the II iIomer [5]. This diffen:nce in arrimaJ
metabolism rates explains the typical finding of PiIomer • the pndominant BIIC
residue in dairy prodUda.

Detector respoDJe to the same amount of difrermt iIomen may a1Io vary. When
BHC iaomen wue cbromatographed individually on a wide bore methyl slIic:one
column. reIatM respoDJe of an dec:troc:onductivity !1Ja1oIen mode) detector
(ElCD-X) to each iIomer ru>ged from 0.58-1.00. wbIIe~ electron c:apcure (Ee)
detector respotueS at the lllIIIe conditioua varied from O.~UIO (Table 504-b).
Both deteetors responded 1_ to Jl.BHC than to the other three iIomen [6].

Heuchlorobenv:ne. an induIaia1 chemical and impurity -;ated with the~
ticicle quintov:ne, elutea near the BHC residuea on all commonly UIed GLC .,.
tems. Although heuchlorobenzene ha onJr occasionally been found in the __
sample as BHe, It II important to asc:enam that it II not preaent before BIIC
reaidues are quantitated.~ packed coIwnns wue once cited • c:ap.hIe of
separatin£ heuchlorobenune and the four imponant BHC P'idnea from one
another [7,8]. Among the GLC systeml deacrlbed in SectIon!102. the heat c:hoic:e
for separating theae reaidues Is 0018 (50~ eyanopropplphc:nyl.~ methylli1oK
ane column at 200° e, electron capture detector). the column of 0018 II not
colllpatible with ElCD-x, 10 DG22 (DEGS column at 180" e, ~X) is recom
lIIended for confirmation of BHC realdues • long • ~ and 6BHe, which do not
teparate, are not both preaeDL

To quanlilate BHC IDClIl aa:uratdy:

• CIoose GLC system that separates P'idues in the lIlIIIIP1e from one
another; if JIOI8IbIe. use a ha1ogeJHeIectIw: deteetor, lIUCh as ElCD-x.

TBbe 5CJ4.b: Rs~twIse of Two DsCab.& CD Far Bf£Asmws

BHC
Jaomer
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Chlonlane is a technical miztnre ofal1ealt 11 JIIl!ior components aod !lO 01' _
minor ones; Figure 50k is a chromatopam of technka! chJonlaDe. SUuauns of
the many chlordane constituents have been dnddated UIing GI.C.- &peCb_
etty and nuclear magneJic resonance anaJyJical teebniquea [9. 10]. The two au;oc
components of technical chlordane are~ and ciH:blordane (Figure 50k
peaks E and F, te8J>«1i:r); the c:xaa pen:enrage ofeach in the technica! material
is not completely defin and is inconsis*mt from batch to batch.

At one time, heptaeblor, a component of technkaJ chlordane, _ a1Io~
as a sepuate pes!icide. When raidues ofhepl8cblor and its me1ahoIite hept..........
epoxide were found in the same commodity as chJonIane, the IIOUIU of the former
was in question. Currently, neither chlordane nor heptaeb10r is registeRd £oF _
on foods in the United Sauea, and toleranas fur both have been revoted. Molt
residues that are now found occur in fish as a n:suJt of lingering environmenllll
contamination.

The GLC pattern ofa chlordane residue may differ CODIiderabIy from that of the
teebnicallDndard. Depending on the IlIDIpIe IIUbItratc and its biItory, f""idne of
chlordane can coDJist of almoet any combinadon of constituents from the tedmi
cal chlordane, plant and/or animal metahoIites, and produc:lJ of dqI-Jation
camed by esposure to emironmenllll IlIctnn IIUCh as water and .m....t. Only
limited infurmation is avaIIabIe on which GLC residue pattenII are likely to occur
in which commodiJia (&,•• Rd"erenas 11 and 1%), and _ this infor....tion may
not be applicable to a situation where the roule of elIpClIUl'e is UIl-.aI. For
example, fish expoRd to a _t lipID of teelmic:al chlordane will contain ...
due drasJically diIrem1t from • fish wh.- chlordane residue _ "CO'D'UIated
through normal food chain processes

SECTION 504

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



"

..... 1I04tI
a ....... •......... ·tItDd.. _ ....

• When the cb10rdane raiduc docs not rcsemblc technical c:hlonIanc.
but instead colllilll primarily ofindividual, idenlifiab1c peab, quandWl:
each peak separately against the appropriate Id"erence MlmcfanL Bee
ence ItaIIdarda arc available for at 1easi 11 cb10rdane cmstjblCDtI, me
tabolites, or degradation products that may occur in the residue.

• When the GLC patlcm of the residue resembles that of tedmical
cb1ordanc. quandtate cb10rdane residues by coDlJlPlinl the total area of
the cb10rdane raiduc from peaks A tbrouah G (FIgure 5Ok) to the
same pan of the GDdard cbromalogI1Im. fo define appiopliale mea
surable area of cItrotnaIotlram adjust amount of extIaet injccfl:d 10
that the IJU!ior raiduc peaks arc about 50% CuD acaJc ddIection (FSD).
then iJYeet an amount of reference Mlmcfard that ClIUlICI1at- within
:125% of that; peaks E and F in the two c:Iuomatotlrams should be about
the same size. Construct the baselinoe beneath a.e Mlmcfard from the
beginning of peak A to the end of peak G. Usc the diltance from the
trough between peaks E and F to the baclinc in the chromatogram of
the IllIDdard to CODIlrUet the b••-Jine in the chromatogram oflbe 1'U'IpIr.

'...........

C1iOllilIUIII&ii of 1.8 no l8CI.iclII dibdliie, 0.1 ng t"'lllBClib , lIIId 0.3 ng '.........
lIpIJlIidlI, ....ilijlll&Kl G'l d.°IiIIIDgi &11 of l8CIiiclll chIoi dlIie (Qy; sv-m302 061.

Because of this inability to predict a cb10rdane GLC raiduc IJIIUCID, no singIc
method can be described for quandtating cb10rdanc residnes. The analyst mUll
judge whether or not the raiduc·. GLC pattern islUflic:icntly similar to that of a
tedmical cb10rdanc reference IllIDdard to usc the latter .. a rcfc:tence IllIDdard
for quandtadon. then:

Peak H may be obIcured in a Ample by Ibc presence of other pcmddes If H is
not obscured, include it in the meMUI'CJIlCDt for both IllIDdard and sample. If the
hcptacb10r cpoDdc peak is relati\'cly small, include it ..part of the total cb10rdanc
area for calcuJadOll of the raiduc. If hcptacblor and!or hcptaehlor eposide arc
much OUI ofproportion. PI in YtgUrC 504-d, calculate these separately and IUbuaet
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their areas from rotal area ro give a corruted ch10rdane area. (Note dI8l octacbJor
epoxide. a melaboJite of chlordane. can easily be miMaken for bepIachJor epoxide
on a nonpolar GLC column.)

(When measurement of total peak area by integradon _ c:ompued to ".Ail.
of peak heighlll for quantilalion of c:hIonlane residue in -.l samp!es, the re
sults of the 1M) teclmiqueI were reasonaNy doBe; rau1la jUIIify the !lie of 1he
"peak height addition· tedmique for c:alcuJaring total cbIordane when no JDe8III
of measuring total ami is awiIabIe. To quantitate by peak height addition, ...
sure heights ofpeab A, B, C. D. E. F. and G, in mm, from peak masimum of-=b
ro the baseline conatrue:ted UDder 1he total chlordane area, then add heighlL The
technique bas inherent dlffimltiel because not aD the peaks are .,mmetric:al mel
not aD are present in the same ratio in the standard and in the sample,)

PolJddorinated biphenyls (PCBs) were maDnf'acNred for 1118DY,.ean in the U..-d
SCates by the NODIBDro Co, and IIIlIIkted under the ttade name Arodor. F.acb
ArocIor product _ a mmnre ofchIorobipbenyl congeners inro which 1-10~
riDe atoms were 1Uhltituted; 209 ctif£ereDt congeners were po-lNe ()mmwm
colDllla'Cial producll included ArocIor 1221. 12ft. 1248, 1254, 1260. and 1262,
with the last 1M) digits in the II8IIle indkating the lIgeI'8geJ~e~tc:blorinaIioD in
the panicuIar mmnre; ArocIor 1016. pmportedJy a puriIkd venioD of Arodor
12ft. _ also marketed. Aroclon are no Ionger UICd or IIIlIIkted in the United
Slates. but their residues remain in the envl..__~ in fonda like fish mel~
fish. in anintals, and in human tiIIue.

GLC~ ofPCB raidua contain III8DY peab, and ..-.. Y8IY ClOD
siderably. because residua can I'CIUlt from any comJrinamm ofArodor mbawes.
Variations in residue patterns are do cauacd by dqp'adadon from 1IIaIheriDK or
metabolism. Difl'eJent congeners vary in the degree ro which they are escreteCl by
or retained within an animal and by the degree ro which they ....1arilbr, TbIII
multiplicity of potentill PCB residue pattemI makes the _ of identifYing mel
quantitating n:sidues exbemely challenging. The presence in the ematl of lSi
dues from chlorinated hydrocarbon paticidea funher compIic:ara me detea......
don. Resic:Iua of p,p'-DDE are IIlOIt Iikdy ro intl:l'fere in detenninaljon of 1'CBI,
because both residua are often present in the I8DIC aunmodi~and ........_ their
suuaural and behavioral similarities make them djf6cult ro separate with normal
anaIyticaJ methodology.

Quandlalion of PCB residua is best~ by tollowing thae Itep8:

• boIate PCB raidua from sample cu-exttacdvei mel from oIher raidues
ro the degree JlC*l'ble before GLC determination. Certain cleanup Ib:p
opliona in C>apccr S methods are dalped ro separate PCBs from~
cide residues 01similar 1t1'UCtUI'C; these options IhouId be UICd ro ana\yae
any commod~ in wbicb PCB residues are likely ro oa:ur. eapeciaIIy fish
and lItellfilh.

• Select the iefetence ...ncIanI dI8llllOlt do8ely reaembJee me residue JIIIt'
tern. A single ArocIor or. more often, a mixture ofArocIon dI8l prnduce
the most similar pdC1D is IIICd for quantitadon.Jndllmen~_ be made
about what proportion of difl'erent ArocIon should be mmJrined ro~
duee the appropriate reference IllUldard.
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• Use a GLC IJSteID that IIeJllIllIIeS peaks eftIdeDtly. Pacbd or capmary
columns may be UKd; wide bore capillary coIumDs provide !he bat
compromise of IJIC'Cd aDd dfIc1eJ1cy.

• 0l0Clle from !he following quandtation opdoDI the one that bat lUiu
the residue pauem. Both have been IUCCeIIfuIly coDaboraed in
interlaborarory tesU [lll, 14); choice depends on the degree to which
the residue and h,ference IlaDdard match:

1) When PCB raidue pattern c10Idy rescmNes dial cl a lingle Amdot'
or mixture of ArocIon, quantitate by colllJlllriug totaJ area or height
of residue peaks to tola1 area or height of peaks from appaopr_
reference 1IlaDdard(1). Measure tola1 area or height RIpODR from
common baseJiDe UDder aD peaks. Use only those peaks in the resi
due that caD be attn"buud to cbJorobiphenyli. lbese pc:ab _ also
be present in chromatogram of .eferen.:e Slandanb.

2) When PCB residue pattern isllignificaDtly diffi:rent from that of my
Aroclor or mixture ofAroclon, quandlale by colllJlllriug area cleach
peak in residue to peak at __don time in a spedaUy ca1i-
brated lot ofArocIor .dermce IllIDdard (Table 504<). To each peak
thus m I >red, applyl:ft factor 2'M'Ciate'1 with that re::.ct
ticuIar refe1ence SlaM as 1iIted in Table 5Gk. Sum' ••
peak values to obcain totaJ ppm PCB. 1biI opdon caD also be UKd
when raidue and .efe1euce Slandard ch........ ograpbic paItd..MlIldL
The spedal ArocIor h,mence IWldardi were cab1nted using the
separatiODI effected ~ked column chromaioKraPhY. but the
weight £acton are also . with chrolii9tOll"8J'by on die 'equivIilent
wide bore capiDa'Y column operated in the packed cobnnn mode
(Section 502 C).

Other quandtadon techniques are somedines used. One IJ'IteiD makes .- of
capillary cobnnn cbroiiiliiOl"8P"Y, capable ofseparadng iDOIt PCB CXlIipnen from
one mother, md a precaJibrafed refuence IWldard mixture for which identity
and weight percent ofeach congener June been estabJlohed [15]. TbiI "individual
congener" capiDary column method is significantly more time-co_.ming than
_nt of individual peak areas or heighu obcained by padrd column
GLC, and resulu from the twO approaches are DOl lignlfkmtly ditfuent wbai
totaJ PCBs are caIcuJated [16, l7J.-Sc:vmil European countries.-~ cl
the individual congener method by IiIe9IUJ'ing. in I9IilJ)Ie and IlaDdard, only se
lected peaks [18]; in these countries, JegaJ Jimiu on PCB reQdues are defined in
_ of results from the .....hlillu!d quandtldoa method.

Acciil'llie qumdtatlon of both p,p'-DDE md PCBs in the 19JDe sample is
possible only when chromatographed on a IilIJTOW bore capillary column.
Qumdtadon of only the PCB residue, when p,p'-DDE is present, em be acc0m
plished by lint eIinlinadng p,p'-DDE with derivatizadon and co1UDm~
n1phy [19].

F'iIP're 504-e. a chroi1i9toglUD of PCB residues isolated from chinook ...........
demonItrata the cba1Ienge of PCB delelMinations. Quanlitadon _ paCUimed
by comparilon to a mixture of Aroc1orI 1254 and 1%60.
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SEC'TICN 504 p '.'" AnIiIIIIiIlIII ...... \IbI. II
Table 5CJ4.c: WsiI# PSI'I:snt F8ctD1s for IndividJBI a.

I ChromsIDgrephic Psaks in Arocir ,'2(& &IlCl8 Sa..Iii

I
Arodar

1016 lUI 1M 125f 1260
Rom (100l<) I ('1'1..029)1 (71-696)1 (71-89'1)1 (71-_)1 (71-al9)1

I 11 0.2
16 5.8 U 0.5

I
21 8.1 10.5 1.1
24 1.2 1.1 0.2
28 16.8 15.8 6.0

I 52 7.6 7.5 U
57 18.5 17.0 8.7
4D 14.6 15.0 U

I 47 11.6 9.9 15.7 7.1
54 7.7 7.1 9.5 2.7
58 6.4 4.4 8.S 1.2

I 70 U 8.7 18.2 14.7 U
78 1.9 6.4

I
84 4.6 18.6

}
5.6

911 5.4 8.S
l!.8

I
104 U 14.1
112 1.0
117 4.4

I 125 U 15.6 11.0

146 U 9.0 I"
160 5.5

I 174 7.4 10.0

~ 1.5 10.9

252-244 11.2

I 280 12.5

m u

I
S60m 5.4

448 0.8

528 2.0

I t ....lft .... 7S ''''.....................p.p......JOD.~'
, _.-"_001.

1_..... Dr.,. .... I· _Loc_~ ._-~,r,' _!At_I_i. C

I
___are ........rn..Food .....~ ; .' DhiIiCle .... ' 5 we , , HJlSIS7.
DC_SW._I .. OCllOllM._IOI&rn-)__...D4llIl!MiiDJ~(!f:A.oI.a..
(I!1'18) &1.mell.

I lii......NII. ..., "1941504-12 ----
I 1~
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I
3D

I
20

I
10

r
.......iIoralJBI_.

,P.P·.aE

1I.i&olIIoi.......

F/gln1504e
Pea. in 0*IDaIt S ?IU,

25 "11 "'*""* _ idBd end cIIIIr8I up br mIIhDd 304 E1<C3.
ct.UillllDgi on lI!IBtIm~ DG1 ....... ' C _ ..llity~1tBt

namllllII permit _ allow.... .....' hip '1lB poIIn:JIeum
.,..__ from RoriIiI. wIIich .... PCB I'8lID8 fran IIlIIIIt IU; not"
~. ... TaI:iII PCB ill Q.CIl7 ppm. CI'b ' 1l11i1llDlill_..--..r.
O.CIIlO UIIing I8dzn alTliIIIB 504c; lXii.. l&uti ill III mill8d ArodDr ......d
bllIow. P ..... ideiClied IU; not q.w) ..

I I
o 10 20 3l «J

1.23 IiQ ArocIor 1254 end 0.745 IiQ ArocIor 1280.....UillllDgi..... on-..
lI!IBtIm _liIlDoe.
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• CoDauuct bueliDe for IIlIJldard toxaphene bet:eeen ilB esJn!IIIitieL

• ~ amount of sample ugected 10 that JDl!ior reUdue peab are1~

• Inject amount of reference IIlIJldard that ClIUI5 ieit'ODlC within :*25... of
that of residue.

p '.... AnIIIyt' pi MBrullVaL I

• CoJl8trUCt baseline under residue peats, UIinJ dIItancea of peak JIOUIbI
10 baseline on IWldard chromatogram as guide.

• Measure _ abaft baseline in sample and ItaDdard chroma...._ for"
calculatingI~I ofresidue. Relathe heighlSand widths ofmatchingpeats
in the raidue and iefeJence standard will probably differ.

a'Uilillllgi&" of 11.4 ~ lIJioitll&8. d.UillllDjji...._ on 8j11m13J2 001.

To quantitate residues of toxaph'9le:

Toxaphene is a complelt mimJre that rauIla fiom the c:hlorinaliaa ofc:ampbeue.
The GLc cbromarographic pattern for to'opb.eue does not diIpIay any iDdhiduaI
peats 10 simplify quantilalion, but instead appean as a IIeJia of no""pIet.dy
resolved peats (Figure 5O+t). Presence of other nsidueI in the __ e&II&t

as touphene requires estimation of baseline placement for quantitation. R I'll!
able accuracy is ..-ble. but DO truly quantitatiw: tedmique bas been deftloped.

SECTION 504

504-14
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