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501: GENERAL INFORMATION

Multiresidue methodol definition requires determinative steps capable of
WW%&’%@&&W&MMW
individually. gasliquid matograpi m
fahi’.x?mmatography(HPLC)pmdetheseapabuhhy nes,)andlzﬁareusedm

ries

GLC has been the predominant determinative step in pesticide multiresidue
mheatlaeodologyformaoyeam.mcwmhuimemﬁonbema

P andhqmdphaue,mapﬁlnnonummetedtoamlytuthambe

ized without degradation. For mJab:lechemmh.m.Co&navane

native schemes for tochemmlorphynalchanc—
teristics, but GLC'’s anmphmyand ess cause it to remain the deter-
minaﬁvestcpofchoiccforrenduestowhmhnnapphable

501 A: PRINCPLES

in GLC is achicved by differences in distribution of analytes between
mobile and stationary phases, causing them to move through the column at dif
ferent rates and from it at different times [1]. A measured aliquot of solution is
injected into a gas chromatographic column through an inlet heated to a suffi-
ciently high thath;e?alytuarevaponmd.lnthnm.theﬂowofmt
gas that fo e mobile sweeps analytes through the column; retarding
thumavementmtheanﬂyupssoluh:hmﬁonmthehag:ldphue During passage
through the column, analytes that were injected in solution separate
from one another because of their different vapor pressures and selective interac-
tions with the liquid phase {2]. When analytes elute from the column and enter
a detector, the responds to the presence of a specific element or func
tional group within the molecule. The detector’s response causes a change in
clectronic signal, which is proportional to the amount of residue; the signal is
amplified and recorded as a chromatogram.

Analytes arc identified by the time it takes them to pass through a column of

specific liquid phase (retention time), at a specified temperature and gas flow.
Quantities are calculated from the detector response. Bothreﬁenﬁontnneand
response are compared to values obtained for a reference standard solution in-

jected into the same system.
501 B: EGUIPMENT FOR GLC

Gas Chromatographic Componenis
The basic gas consists of an inlet system, column, detector, elec-
tronic equipment to the detector signal, and a recorder or other data-

handling device. Carrier gu(a), with appropriate pneumatic system(s), are also
integral to the GLC system. The inlet system, column, and detector are maintained
in temperature-controlied environments.

The following arc desirable features in GLC hardware:

1) Inlet, column oven, and detector should be individually heated and
temperature-controlled. Temperature should be maintined to 0.1° C.

Tranmmittal No. 841 [1
gty s e g 501-1
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Control of detector temperature usually is not as critical but should be
well controlled, constant, and not affected by such things as line voltage
fluctuations.

2) Temperature readout should be available for column, detector, and inlet.
(Check:;ccumcyofmmmcnttempuammdmmmmmpy-
rometer.

3) Instrument design should be simple enough to facilitate troubleshooting
and repairs. Design should permit removal or inspection of either
column or detector without affecting the temperature of the other.

4) System should be designed to prevent or minimize contact between sample
injection and any metal parts; system should be allglass (or as near as
possible).

Several sizes of packed and open wbular capillary columns are used in
residueanalym.andhndwareform!etandoolumnm\mw:ommodae
that will be needed. Section 502, Columns, includes direc-

uons for adapting equipment.

5) Certain detectors may require multiple heated zones, including combus-
tion furnaces. For flexibility, designs that permit ready access for servicing
and maintenance are preferred. Section 503 provides details on various
detectors used in pesticide residue determination.

6) Elecuwalngmlmonimﬁngequipmmtiswaﬂyonedmdqm 1)

er with 1 or 10 mV t, compatible urx chart recorder,

2) lifier with 1 or 10 ouqmt,oompaﬁble data processing

bye:thera::nlgcuomc integrator or computer. Other remote devices such as
autosamplers can be easily adapted to any of these systems.

Other Apparatus

Gas Regulators. Two-stage gas pressure regulators with stainless steel di
uereqmredforallGLCdsu cterminations of trace residucs. Regulators with a sec-

maximum of 80 psi are but those with 200
offer mors Bexibiliy. 1'a Bydvogen parier s wd (below), the arter type of
regulator is required, becanse higher pressure is needed.

Gas lines that connect gas tanks to the mbedanmdﬁeeof
components that contain oil or gas-purgeable “refrigeration grade”

r (ie, cleaned of all oil) is Tubing(cvenm&zguuiongmde)
mbe naﬂymledmdlpmmethylcnechloﬁdeandaoemnebdbmme
Plastic and lines must be avoided to reduce the likelihood of air contami-

nating the gas.

Syringes. The most common for injection of food extracts into a chro-
matograph are 5 and 10 pL. eequww&mlpommmodmr
sizes may be needed for special purposes. ton syringes or equivalent are
available from all chromatography suppliers. Plunger “guides™ are available as
options to minimize bending the plunger during injection.

501-2
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Some specialty mdumumwﬁuhmin%ecuouandmmimmag;!mmand
cach has found favor with some analysts. For example,

needles permit replacement of necdles on which “burrs”™ have ’Yrmgmedthat
septa; removable needles with a “side port point” do not shred the septa as do
standard bevel point needies; andsynngumthphmgunmdneedlunndeofa
titanium alloy cannot be bent.

Reagents and Gases

Reagents associated with GLC include column liquid phases and solid supports,
gases used for mobile phase and for detector and certain other reagents
relevant to detector operation. Most of these ts are discussed further in
pertinent sections of this chapter; in filters used to remove
contaminants from gas flow, arc in: in this introductory section.

Helium, hydrogen, and nitrogen are most commonly used as column carrier gases.
Purity is always critical to avoid damage to the column, and more stringent purity
requirements may be imposed by the detector. Purity specifications of the instru-
ment manufacturer should always be followed.

Helium and hydrogen requirements range from 99.999-99.9999% , depend-
" ing on the detector. Even with the highest ty,oxygentnps, from
chromatography supplicrs, are recommend changeco!orwhenpm

matedw:thoxygenamldealfora]emngtheanalyumpotcnﬁalpmbleml.

Purchase of ultra high purity helium and hydrogen may not be necessary if spe-
cially designed puri tymed.hmﬁcnmamhblethatpermltuaeofmm-
mercial grade gases (99.995%) at a much lower price, the cost of the
purifier. Different purifiers are neceded for helium hydrogen; they are not
interchangeable. FDA has had successful experiences with:

hydrogen Model 560, AADCO Instruments, Inc., Clearwater, FL;
Model 8872V, Consolidated Technologies, Inc., West Chester, PA

helium purifiers: Product # HP, Valco Instrument Co., Houston, TX;
Model 2-3800, Supeico, Bellefonte, PA

Nitrogen is used as a carrier gas only for packed columns (Section 502 B). Either
nitrogen or argon/methane (95+5 or 90+10) is also required as a carrier and/or

gasfortheelectroaa?mdetector(&cuonmn) Commercial grades
of these gases are oxygen and moisture traps are used between the

gas tank and the chromatograph.

501 C: RESIDUE METHODOLOGY FOR GLC DETERMINATION

Apphcauomofanalyncalmcthodologyreqmre‘ consideration of many factors to

compati of method steps. The following factors related to extraction
anddanupoffoodsamphspmfoundlymﬂuenoeamnacyandmlnbihtyofcl.c
determinative steps.

Trenemittal No. 54-1 {1,/84]
Form FDA 2905e (6,/82]
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Cleanup

Solw:ntextmctionof residues also extracts food constiments (“co-extrac-

tives”) from the Cleanupstepsammdudedmmdmamlynalmethodl

to remove co-extractives that can interfere in the determinative step of the analysis
or cause damage to the column and/or detector.

For many years, predominant use of the nonselective electron capture (EC) detec-
tor caused justifiable concern about potential detector response to
co-extractives. In addition, documented cases in which sample co-extractives dam-
aged GLC columns and caused subsequent breakdown of injected residucs sup-
ported the need for extensive cleanup prior to GLC determination [3].

More recently, several factors have reduced is on cleanup. The more selec-
tive GLC detectors now in use have the likelihood that sample or re-
agent artifacts might be mistaken for pesticide residues. In addition, use of cap-
Mmhmmwhmhmmomeﬁuemthanequntpacbdeolumm,mmm
increased peak rag: for the same amount of analyte. The amount of
exuactugectcdanthm reduced without the level of quantitation,
and this in turn reduces the likelihood of damage to the GLC system. Inlet liners

with some degrec of protection fromn damage caused by co-extractives. Finally,
there are many incentives to perforrn more analyses with the same or fewer re-
sources and to minimize the volume of solvents that must be purchased and
dnposedofThesefactonoonmbumtoau'endm:ﬂ only minimal

mn:glemdunngmumemmﬂmoeanﬂpu,m the intention
d‘clmup applicable step(s) if an extract is found to contain interfering

Despite these compelling reasons to reduce cleanup, GLC systems that are not
protected from co-extractives deteriorate faster than into which only cleaned
up extracts are injected. The column and/or detector may be damaged by injec-
tion of insufficiently cleaned up samples, especially when the method and the
chromatograph are used repeatedly. Such detrimental effects can occur even when
the chromatogram appears 10 be clean enough for residue identification and

tammganelementmwhchﬂledetectormpondtcansﬁﬂmterfuemthrendne
analysis. This occurs most often with nitrogenselective detectors because of the
number of nitrogenous chemicals in foods, but it can occur with any detector.
Likelihood of interferences and potential for mistaken identity increase with de-

creasing cleanup.

Insufficiently clean extracts may also affect accuracy when determin-

ing residues that are polar or otherwise wadsotpuon active sites in a

GLC column. Stwhchemxakmmﬂyexhﬂxtpoor when standard

solutions are injected, because adso! ;tu delays or inhibits the chemical during
column. P

its passage through the tailing and/or changes in retention times
are caused by adsorptdon. The net effect is an apparently diminished detector

501-4

Tranamiuyl No. 84-1 [1/84)
Faren FOA 2605 [6/00)



Pesticide Anaiytical Manuat Vol. |

SECTION 501

response, which is especially evident if peak height measurements are used rather
than peak area.

In contrast, when an uncleaned extract containing the same analyte is injected
intotheGLCsysm,co-exmﬁmcompetcfordlecohmsm sites, and the
analytcmomdlrwghthecohnnninaughtcrchmmatognphm Analyu:
concentration (per unit ume) entering the detector thus increases, and detector
response (peak height) is greater. Quantitation by the usual practice (ie, com-
m-uonofdctector n;:hmmdueandrefemnccmndmd)rmlnmaku-

on of an inaccurately residue level, ts are com-
parcd.(;21.n.anutal;|\m:accutacyclmlmunpmm:d£or:m¢:hcll:)eak E
momngomusdmnpoftheexuactorhyunngaGLCeolumnmth&mm
sites.

~ An appropriate balance is needed between efficiency prooa-ini and
accuracy in determining residues. Every extract should

clean that it (1) does not jeopardize the col beyondd:epointthatuanbe
easily repaired; (2) does not introduce substances that will co-injected or
subsequently injected residues; (3) does not foul any part of the detector, includ-
ing combustion tube, flame, radioactive source, dc.; (4) minimizes introduction of
artifacts to which the detector will respond; and (5) does not cause a dispropor-
tionate response enhancement of the residue in the extract.

Resgent Blanks

The analyst must ascertain that no interference from reagents and/or glassware
occurs during residuc analysis. attention is required to elimimate all
such contaminants, and routine is of reagent blanks should be specified in

the laboratory quality assurance plan (Section 206).

Contaminants can be introduced from a variety of sources. Studies with the
EC detector have identified interferences from impure solvents, adsorbenes, so-
dium sulfate, glass wool, Celite, blender gaskets, laboratory air filters, and polyeth-
yleneconwners.'lhcmorenomelecuvethedeﬁecmr the more likely it is to
respond to interferences introduced by reagents or the environment. A thorough
examination of the rcagent blank is also n: for methods that use a relatively
selective detector. Onemmpledemonsuawd chemicals extracted by petro-

leum ether from a polyethylene by both an EC and
a halogenselective detector [3]. gnummnmmemﬁpmaduthemehu.
monglwmeormmhtermmgumedmpnormﬂysu.orpmtmd&c

ry environment because of pest control treatment.

Whenmtaferenwmdmmdmdﬂmmm(s)ﬂmﬁﬁed,emycﬁonmm
be made to reduce or eliminate the problem. Solvents can be 0 meet
requirements or may be redistilled. Solids frequently can be and/or heated
prior to use. Section 204 provides puri tytuumdpmcedumfor%
commonly used reagents; other reagent purification procedures

pertinent method descriptions in 3 and 4. Sometimes the method cleanup
step removes interferences added to the sample during previous steps, but whether
this is accomplished must be determined by a complete investigation of the method
reagent blank.

Equipment should be washed thoroughly and rinsed with solvent as soon as pos-
sible after use. Syringe plungers and needles should be wiped with lintfrec wipers

Trarmmittal No. 54-1 (1/94)
Formn FDA 2805 (6/92)
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dipﬁ':an iate solvent (e.g:, acetone), and the barmrel should be cleaned
by i gwmmen and out the top by a vacuum applied to the
top. Particular care should be taken to assure elimination of residues from glass-
ware or syringes previously in contact with high concentrations of pesticides.

Choice of Solvent

The solvent in which the final extract is dissolved must be compatible with the
detector(s) in the GLC determinative s). The most basic requirement is that
the solvent not contain clements to which the detector responds. Specifically, no
amount of chlorinated solvent, such as methylene chloride, can remain in extracts
being examined by an EC or halogen-selective detector, and no trace of acetoni-
trile can be present in extracts examined with nitrogen-selective detectors.

Other cffects besides clement sclectivity canse i between detectors
and solvents. For cxample, acetonitrile has an ined adverse effect on re-
?onseoftheECdetemr,mdamma&candhalogenawdmhenumyh:uw
etector response of the N/P detector and eventually render it useless.

Solventwhﬁﬁtymunahobemnﬁduedwhenuﬁngadcmmma
solvent venting time. For these detectors, the most volatile practical in
which residues are soluble should be chosen to minimize length of venting time

and avoid potential loss of carly cluting analytes.

Sohentvolaﬁﬁtyhaanotherrﬁﬁdeﬂbctuhwdmdumeﬁdlwﬁchﬂw
extract can be concentrated. wolume of concentrated extract must be suffi-
ciently small that the volume injected into d:;eGLCsywemon;msaﬁuent
equivalent e weight n to reach targeted titation
(Section logfpl Semnm% &meﬁmhr detector to residues of inm:muqlml

how much sample equivalent must be injected, and column type and arrangement
limit the volume that can be injected. In cases where a very small final extract
volume is needed, or where the concentration step begins with a very large solvent
volume, practicality dictates the choice of a volatile solvent to minimize time needed
for concentration.

501 D: INJECTION TECHNIGLES

% musedtom;nd - g < lead

s Sl oo s I i g oo
responses. Autoinjectors etermi-

nation, but manual injection is still practiced.

Manual Injection

K extracts and standards are injected manually, it is imperative that cach analyst

develop and follow techniqneinsyﬁn:flﬁmdlingandnmplcinuodncﬁm

This can be achi through practice and care. Several methods presently in use

for filling syringes and injecting include:

1) A volume of solvent greater than or equal to needle volume is drawn into
the syringe, followed by a small amount of air. The extract (or reference
standard solution) is then drawn corapletely into the syringe barrel, where

501-6
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its volume can be measured both ends of the Inj
tion is then made. Ihemnﬂzmﬂmhameexmormdﬂdhqm :J:t‘rz;
the chromatograph. This technique is referred to as the “solvent flush™

or “sandwich™ technique.

2) The syringe is filled drawing extract {or standard solution) com-
pletely into the barrel (ie, none is left in the needie). Total volume is
measured by reading both ends of the liquid. Injection is made, with the
syringe removed quickly from the inlet. The syringe plunger is with-
drawn until whatcver volume of liquid remains is completely in the
barrel of the &mumned;bdom The difference in
liquid volume re injection is the amount
Itmnnpormtwhenunngthnwchmquetomnme::nnylynngcw
the heated injection port as quickly as possible after injection to avoid
any evaporation of liquid remaining in the syringe.

3) The syringe is filled to the desired volume, the volume noted, and the
injection made. The volume measured is considered to be the volume
injected. This technique introduces error, becanse it ignores the volume
in the needle and the volume that remains after injection. The effective
ervor can be minimized by use of the same solvent for both sample
extract and standard solution and by injection of the same volume of

Whichever inj is chosen, it must be Each
anabt houi chosse the iojoction techsique he/she s most sepeoducibie and
use it routinely. Poor precision among chromatograms from mpeummjecnom
may be caused by faulty syringes or poor analyst technique, as well as by inappro-
priate solvents or inadequate e cleanup. Volume of liquid in the sy
shouldbemmur;;lhbyholdmgthde-syﬁngeinthenmemnerachﬁme
looking toward a t background. The same injection technique must be used
for both the sample extract and the reference standard to which it will be com-

pared.

Choice of injection is not solely based on personal preference; of
column being used ( us l)ellz:mtalst,\l:n:comitlered.Anynet:l?nr':;que
described above can be applied when using packed columns. However, too much
solvent can overwhelm the small diameter capillary column, so injection volume
mmtbehnmed.Sevuﬂmletsyuemsandmjecnonopﬁonsaremedmﬂlapinny
columns to accommodate both column restrictions and volume

residue determination (Section 502 C). (bnustendygoodcapilhryodumnrmﬂu
have been achieved with manual injection and the solvent flush technique. The
syringe needle should remain in the inlet 1 sec for each pl injected to allow the

pressure surge from vaporization of solvents to dissipate.

lhesy:mgemanufacuncr’smmmmendaﬁonsﬁwmandmofdnelyﬁng
should be followed. Syringes must be kept free of traces of . This should
checked occasionalily by injecting a volume of pure solvent; if the syringe is clean,
no peaks other than the solvent peak will appear.

Amtoinjectors

The best injection performance is achieved using an autoinjector (also called
autosampler). Various commercially available autoinjectors can be interfaced with

Tranamittal No. 84-1 {1,/84)
Farm FOA 2800e 16/92)
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GLCsystem.Fornormalmeofmmhjecton,mmﬂmduﬂ-olnmm
placed in disposable vials with
the syringe comple andremommhxbblea pumping cxtract (or standard
solution) into the barrel. It then draws a precisely measured volume of solution
mtothebarrelanduyecuumtothechmmatognph.hminjemthe
autoinjector flushes the ncedle with solvent to clcan it. Beyond the

r?rodudhh ty achieved with automijectors, their use permits unattended
operanon the chromatograph and frecs the chromatographer to perform other

501 E: REFERENCE STANDARDS

Section 205 es information on pesticide standards. The importance of reli-
ablemdarglzl:?umtoaccuratepemude cannot be overemphasized.
Solvents used for GLC standard solutions are subject to the same requirements
and limitations listed above for extracts.

The quality assurance plan for analyses involving GLC determination should in-
clude routine injection of a mixed standard solution. The mixture should include
compoundsnormaﬂymedasmarkcrsformtenﬁonumcandrupomeandshonld
alsomdudecompaundspmnetoadsorpuonor Vulnerable com-
ponmdssemasmdnmmofproblems sywem,c.g,d:eprelmee
of p,p"-DDT in such a solution serves to alert eamlystwhen

TDEoccum.GLCsystemusedfordetermmonoforgmophosphormorotber
polar residues should be checked with a solution that includes, at a minimum,
methamidophos, acephate, and monocrotophos. Epomcma@hanemydnp-
pear in systems that contain too much glass wool, to methamidophos
may not be scen if it clutes with thesolventﬁmtorifoolumnpadmgisofpoor
quahty;boththenesxmauonscanbe monitonngthesymwithmn—

tine injection of an appropriate mnm:y jection of mixed
standard,atlemmecdunngans-hrpenod.sh speaﬁedmd:eqnahty

assurance plan.

For best quantitative results, reference standards should be dissolved in the same
solvent that is used for the final extract. In addition, reference standards
should be injected within minutes of the sample containing the residue(s) to be
quantitated, and responses to residue and standard should match within $25% for
accurate quantitation.
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502: COLUMNS
502 A: INTRODUCTION

Separations among analytes in GLC are achicved within the column. Although
choice of detector dictates which class of analytes can be determined, individual
detection and measurement of multiple analytes would not be possible without the

separations provided by the column.

Columns are available in several different physical configurations, each of which
offers advantages and disadvantages to pesticide residue determination. The two
basic ofGLCcohnnnscmrentlyusedmpeﬂiademduede&rmmauonare
1) columns, in which liquid phase is immobilized as a film on

of finc mesh solid support and packed into 24 mm id columns, and (2) open
tubular capillary columns, in which ki phase is immobilized as a fitm on the
interior walls of a capillary tube. Capi oolumnsarcfurtherdmngunhedby
internal diameter: wide bore (0.5% mm id), aaditional (0.260.32 mm id), and
narrow bore (£0.25 mm id). Each type of column requires unique hardware and

operating parameters.

InallGLCoolumns.ndenntyofthm(mdonuy) is the primary factor
dictating what separations are achi mobile phase) is also inte-
graltoGLCopcmﬂonandmustbemdudedmanydmonofcoh:mm.Haw—
ever, only inert gases are used as carrier gases, s0 few options exist. Operating

ters that affect column efficiency, including column temperature and car-
rier gas identity and flow rate, pmdeaddmonalvanah!uthatcanbead_]medto

achieve separations required for the analysis.

Column Specifications

Dauguonsot‘GLCcohmmandopcnmgmndiuommwlpeufythe

type of column (packed or capillary); its length, mmeten(orﬁec{),andmmal
diameter (id), in mm; identity and amount of liquid ; identity of solid sup-
port, including pretreatments and mesh size ( colummonly),opmnng
temperature; and carrier gas identity and flow rate.

hqmdphaesmedeLCmvisomsmatenahablctohednmlydilpcnedon
solid support or on an internal column wall. Many different liquid phases are
mﬁable but relatively few are in routine use for pesticide residue determination,
residues usually either chromatograph on one of these phases
ormnotammablemGlﬂ.Thechentlihulsmmmofthemucommmph;éu
consists of a polysiloxane backbone with various substituent groups; Figure 502-a
ﬂ]ummmgl.ialofthae

an;la:onoenmon;y t e (sg on 'l'hus,‘lm ta:rm';h of
, methyl<s myl«yanopmpylph phenylcyanopropyl.
pzo%tyegcyl-mhsumtggpm leastpolarofthoneml‘igm‘esoz-a.abutmte;

toseparanonofnonpohrannlytes,uhasbeenmedﬁormyyunaa
purpose phase for a wide variety of pesticide residues. The pl fso%
qanopmpylphenykubmmuonuthemostpolarofthoseslwwnandnabew

choice for more polar

Trenewittal No. 941 {1/34)
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Figurs 5024
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Equivalent products snitable for different column configurations are commercially
available for most common liquid phases; Table 502-a lists some of these products.

mmmmewemmwmm%mm&
ratorics n phases as materials columns
l:m:m thatmepad:leohmmum:l“yth

repacked at purchase packing material precoated hqmdphae.
Rmdmhb?):amnaalwayspumhmmmmauaﬂypmpamdapﬂhrymm

The liquid phase for a cular analysis is selected to take advantage of differ-
ences in chemical and physical properties of the analytes involved. No one liquid

phase is universally applicable to the wide range of chemical and proper-
ties found in tendues,soa of of

tles found pesuc:c;ela vanely liquid phases t polaritics
For packed columns, the amount of liquid phase, often called “liquid load,” s

described percen . hquadphmxlw/mghthqmdplme
we:ghtsoh:;pport)'?c:'“wﬂm theumfun ofliqu:dph-e+
described as film thickness (um) ofthelayerothnidphaebondedmthemm'-
nal wall of the column.

GLC columns are always heated to a temperature at which analytes remain in
E-Imm-[.\hme Bothuodlermalandtempenmre-pmgnmmedopenﬁonm

Use of capillary columns w:;&ermne
aeaﬁngly’ecommon,hnthn mbemmthu

chapterbewueFDAhmnotyetvalidatt;diuueonanm

Maximum temperatures wi spedﬁcmuonzryphau;mformm

onmhkpruvﬂedirythemanﬁ:g& Incrmnglypohutanomryphm(&g,

cyan enyl) have si lower maximum operating

nonpolg)rhm (e.g. 100 . In use, maximum operating mnpennue ]
hlgherfortempuammmmmgd:anfornodxumlmt.

Column Parameters
The following column characteristics or parameters are commonly used to de-

scribe chromatographic behavior or to measure column performance; terminol-
ogy of these parameters is illustrated in Figure 502-b. Evaluation and comparison

Treneminel No. 941 {1,/54}
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Table 502-a: Common GLC Liquid Phases Used in Pesticide Residue
O A
Equivalent Comsmercially Avalishle Products’
Polysiloxane, 100% methyl DB-1(ht), HP-1, HP-101, OV-101, OV,
007-1(MS), SP-2100 SP-2100, DC 200,
SPB-1, BP-1, CP-Sil 5CB, CPil 5, SE-30

Ultra 1, RSL-150, RSL-160,
Rex-1, SP-2100, CB-1, OV-1,

PE-1, SE-30, AT-1
Polysiloxane, 50% phenyl, DB-17 (ht), HP-17, PE-17, OV-17, OV-1,
50% methyl 007-17(MPS-50), AT-50, SP-2250, OV-22,
SP-2250, Rix-50, RSL-300 DC-T10
Polysiloxane, 50% cyanopropyl- DB-225, HP-225, OV-225, Oov-225
phenyl, 50% methyl SP-2330, CP-Sil 43CB, RSL-500,

Rix-225, BP-225, CB-225,
PE-225, 007-225, AT-225

Polysiloxane, 14% cyanopropyl- DB-1701, SPB-7, CP-Sil 19CB, OV-1701

phenyl, 86% methyl Rux-1701, BP-10, CB-1701,

OV-1701, PE-1701, 007-1701
Polysiloxane, 5% phenyl, DB-5 (ht), HP5, Ultra-2, OV-3, OV-78, CPSil 8
95% methyl OV, SPB5, Rux5,

CP-Sil 8CB, RSL-2000,

BP-5, CB-5, PE-5, SE-52,
007-2(MPS-5), SE-54

Polysiloxane, 50% trifluoro- DB-210, RSL-400, SP-2401 OV-210, SP-2401,
propyl, 50% methyl OV-202, OV-215
Polyethylene giycol DB-WAX, HP-20M, Carbowax, Carbowax 20M,
Supelcowax 10, CP-WAX 52CB, Supelcowax 10
SUPEROX 11, Stabilwax, BP-20,
CB-WAX, PECW
Diethylene glycol succinate No equivalent DEGS (no longer
produced)

1 Commercial codes for cach material are related to their manufacturer:
007: Quadrex, New Haven, CT
AT, RSL, SUPEROX: Alltech Associates, Inc., Deerficld, IL
BP: SGE, Inc., Austin, TX
Carbowax: Union Carbide Corp.
CB, CPSil, CPWAX: Chrompek International BV, Middiebarg, The Netherisnds

HP and Ulra: HewlettPackard, Co., Wilmington, DE

OV: Ohio Valley Specialty Chemical Co., Mariews, OH
PE: Perkin Flmer Corp.. Norwalk, CT

Rix, Smabilwax: Restek Corp., Bellefonte, PA

SE: General Electric

SP, SPB, and Supelcowax: Supelco, Inc., Bellefonte, PA

Trensmittal No. 54-1 [1/84)
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Fgure 5020 of columns can be based on such
GLC Column Parsmetars parameters. More detailed discus-

ol s analyte, measured at the
ks gﬂkmnnum( t, in Figure 502-
Retention time is corrected for

Column paremeters are calculatsd from measurements the time required for a non-
on a chromatogram produced by the column. retained solute to reach the de-
tector (tm), often called dead tme

or holdup time. Corrected retention time (¢,) is the difference between ¢, and t,,.
Forpmcncalconvemence,thepeakmedbyﬂlesohentumedudncnomemed

solute in pesticide residue determinations.

Analyte retention time on the extent to which the analyte is retained by
the particular stationary p under a given set of conditions. Retention time is
oonstantwhenoolumntempmmreandcamerguﬂwmoomum.aoﬂm
characteristic is the GLC mecasurement that serves to identify the analyte; it can
be measured electronically in seconds or manually in mm from the resulting
chromatogram. Retention time measured from injection to peak maximum is
often called “absolute retention time.”

Absolute retention time is affected by many column conditions that can vary,
including amount of liquid phase, temperature, carrier gas flow rate, column
length, and system volume. Thus, absolute retention times are insufficiently repro-
ducible to list in tables of data intended to assist an analyst in identifying
Instead, “relative retention times” are calculated and listed, because they are
far more reproducible from day to day and among different instruments or labo-
ratories.

Rchunmmnuonmne(m)ofanamlytehthemmoﬁuoonacwdmﬁon
time (t)) to the corrected retention time of a “marker” (reference)

Thepemadechlorpynfa,moiecuhrformuhc,ﬂl‘C,,NO,PS,umedmlhn

manual as the marker d for most
wcﬂandconmaﬂtbehemmmsto WMW
retention times relative to chlol rrt‘rformnypesuaduand com-
pounds are listed in Appendix

For the same (or liquid phase, rrt of an analyte is independent of
column type ( wmplllary)mdload,oolumnlength.orumguﬂow
rate change. The mrts for a parti hase vary significantly only with

column temperature; nt‘smAppendnlamuhdonlyuthemperamm
fied for cach column.

Capacity Factor. Capacity factor describes the retentive behavior of a sample com-
ponent relative to the “retentive behavior™ of a nonretained component. The

Tranemisal No. 94-1 {1/594}
Form FOA POGe 16/80
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capacity factor of an analyte depends only on the time the analyte spends in the
stationary phase, whlchs,r.h:mnamgr_zln_g speaking, far more important than
the time spent in the mob factor (k) of an analyte is cal-
culatedﬁ-omanalyteretcnnonumeuk-- t )/t

(Capacity factor should not be confused with “samp! %e

themanmumamount(c.g,!iﬂng)d‘ananalyﬁedﬂtm m_yectedonma
chromatograph before column overload occurs. Column sample capacity depends
on percent hiquid load in packed columns and on column id and film thickness

in capillary columns.)

Selectivity. Stationary phase sclectivity is simply defined as the ability of a phase
to differentiate between analytes in the same injection. Thcleleclm term is
technically not interchangeable with polanty (11 Apohroohxmnmay it very
poor selectivity for a particular chemical sm:na. In general, nonpolar stationary

phases exhibit greatest selectivity for nonpol and larmonaryphau
exh:hn.gruwstselecuvityforpolaramlyws SelecuvuyofaGl..Csym:mudcﬁned
by both the stationary phase and the analytes. In the literature, selectivity (a) is
synonymous with separation factor, relative retention, and selectivity factor and is
calculated as ky/k,, where ky and k, are capacity factors of two adjacent peaks. In
this calculation, a s always 21.0, but a separation factor of 1.0 indicates that no
separation is possible in that system [2].

Resolution. Resolution is the degree of separation between two chromatographic
peaks and is related to time (capacity factor), selectivity, and efficiency. Consider-
able information about resolution and its related parameters is available in
textbooks on chromatography. For practical purposes, however, it is enough to
know that optimizing selectivity by choice of stationary phase will optimize resolu-
tion. Despite the importance of column eﬁicxmcym

at low levels, increasing efficiency will not solve ali
andoﬁenmllonlymuweamfwsume A different choice of statio m
may solve a resolution problem more easily than a longer column will. i
is considered optimized when calculated k values range between 2-10.

Efficiency. In qualitative terms, column cfficiency refers to the degree to which
injected analyte is abie to travel through the column in a narrow band. Visually,
a more efficient column produces narrower, sharper peaks on the

The more efficient the column, the better able it is to resolve analytes that elute
close to one another. Gteatcreﬁaenqrmﬂumgruwrngnﬂ-w-nonenmmd
hence increases sensitivity. Efficiency is measured quantitatively by calculating
theoretical plates according to the formula

N = 16 (RT/w)?

where N = total theoretical plates, RT = absolute retention time in mm, and w =
width of peak base in mm, measured as the distance at the baseline between lines
drawn tangent to the two sides of the peak. The analyte on which theoretical
platesamcalmhtedmmtbcspeuﬂed,bemmeoomparhommonlywhdfor
analytes at the same absolute retention time. Column efficiency can also
be expressed as height equivalent of one theoretical plate (HETF), ie., column
length (cm)/N; using this expression, smaller numbers represent more efficient
columns. Calculation of theoretical plates/column length permits comparisons of
different length columns.

Tranemiitel No. 84-1 {1/54)
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Basic GLC texts, such as those listed in Section 505, provide additional explana-

tions about theoretical plate measurements, qualitative effect of column efficiency

on peak shape, andpmcnczlmamofmpmvingpmkshape Column efficiency

:frefcrredhmmmthnchapterwhenducusing advantages of different types
col

502 B: PACKED COLUMNS

m&&m%mg&fbmmpmmmmm
column revailed as the o pnctialopuon.Durmgeaﬂydﬂekp-
mentofopenmlmla!r,capl]lary columns, when only traditional capillaries were
available, packed columns offered distinct advantages in case of use and
for injection of larger volumes of extract. Current of wide bore
lary columns has reversed the trend, however, and use of packed columns is

Packed columns still offer advantages in ease of insuallation; no additional inlet
adapters or other specialized hardware are needed to install packed columns into
chromatographs designed for packed column operation. Packed columns can also
still withstand repeated injections of extract better than capillary columns. How-
cver, recent improvements in inlet systems and operating parameters for wide
boreoolumnshavemamedthelrcapautyformjectedmmmhmedwnh
the innately greater efficiency and inertness of wide bore columns, these i

ments are encouraging the shift from packed to wide bore columns for routine
use.

Components of Packed Columns

Packed columns consist of material made by coating inert solid support
withathmﬁlmofstauona?;(:hns phase, glass or metal tubing to contain the
packing material, and silanized wool plugs used to hold the packing material
in place within the tubing.

Solid The solid support in GLC columns a inert
mrfwes.mwh:ch the stationary wpcked dm'pr:nda rehﬁwlywunifmm
thin film. Solid support should ahrgeamﬁcemaspom‘lﬂemd
should interact as little as possible with analytes. Desirable properties of solid
supports are large surface area per unit volume, chemical inertness at high tem-
peratures, mechanical strength, thermal stability, ability to be wetted uniformly by
a stationary liquid phase, and ability to hold a liquid phase strongly.

The most frequently used solid supports for GLC column packings are derived
&omdnmmﬂymth The structure of the diatomaceous carth consists essen-
tially of three-dimensional lattices containing siticon with active hydroxyl and oxide
groups on the surface. Untreated diatomaceous carth has considerable surface
activity that must be reduced before it becomes a suitable support material. Sev-
eral techniques have been used to deactivate the surface activity of diatomaceous
earth. Most frequently, the diatomaceous earth is acid-washed and then silanized
with an agent such as dimethyldichlorosilane.

Different commercially available solid supports and even different lots of the same
have different surface areas or variations in inertness toward

support may partico-
lar analytes. Unpredictable behavior among solid supports provided the impetus

Tranuminsl No. 941 {1/54)
B502-6 Form FDA 2806e (6782}



Pesticide Analytical Monual Vol. |

SECTION 502

for most laboratories to purchase precoated packing. Variations in solid

activity are of greatest concern when determining pesticide residues that are dif
gculttochm , because such analytes are casily adsorbed or degraded
uring chromatograp y.Adsorpnonordegmdamnd'anamlymeouapoorqml-
ity solid support can affect the relative retention time of the analyte and the size
and shape of the resulting peak. The most inert solid support material available

should always be used to prepare column packings.

ChmmamgraphicsolidmppomammhblemamictyofmhﬁmAmppon
material of 80/100 mesh contains particies that will pass

screen but not through a 100-mesh screen. Expcnmmuhmshownthatoohnnn
efficiency improves as solid support mesh number increases (particle size decreases)

[3]. However, to maintain the same gas flow through a column, carrier gas pres-
sure must be increased as solid support size decreases. Mesh size of 100/
120 was shown to for a 6' column of 4 mm id. Col-

umns 4-6' long 24 mm} ﬁlledw:thcolumnpachngsprepm'edﬁomm/lm
or 100/120 mesh solid supports, are routinely used for residue determination.

Phase Load. No matter what liquid is used, liquid

cuwhmneﬁamqandapmq(ammnmwwphﬁmmumbe
mjecwdontotheoolumn) Packing materials with loads ranging from <1 to 5%
are routinely used for pesticide residue determination.

Liquid phase load can be varied without changing relative retention times of
compounds if the same column temperature is used. At the same column tempera-
ture and gas flow, a column with less liquid phase will allow compounds to elute
moreqmcklythanahxgherload column. Carrier gas flow can be lowered when
using columns with less liquid phase oase compounds to clute at approxi-
mately the same time as from higher load columns operated at higher gas flows.

observations indicate that with a tendency to on
mmqadmrbedbyaodummmmm&l&elmowﬂmam m
load is used, probably because the lower load is incapable ofeovcringallsohd
Tt active sites. In these cases, retention time and peak size will be
ected, as described above. Residue should be aware of the pitfalls of low
load columns when dealing with compounds that are easily degraded or adsorbed.

Colunm Tubing. Almost all columns used in pesticide residue determinations are
made from glass tbing. Although some gas chmnmrlphsreq:m'emeulcol-
umns, so many problems occur with metal that they should be awoided. In the
past, new glass columns had to be cleaned and silanized in the laboratory to
remove any residual caustic materials and to deactivate the column. Today, most
glass columns are silanized by the manufacturer and are purchased ready to use.
Inadequate deactivation of columns can cause peak tailing dm:wadwm
ordcgmdauonofthe e or standard on the active sites of the column

Glass Wool. Glass wool for use in GLC columns must be silanized to prevent
compound adsorption; presilanized glass wool is available commercially or
silanization can be performed by the laboratory. A of silanized glass wool is
always used at the outlet (detector) end of a to hold the packing
material in place. Glass wool can also be used in the inlet end of a packed column,
but opinions vary about the advisability of this practice.

Tranasmittal Np. 94-1 [1/94}
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Used in the inlet end of a packed column, can cause or
degradation of certain sensitive compounds. mlems w
poundscanakooocurwhendcpomsofsamplecomwﬂeaonthegla

In particular, when deposits of em:cuaccumuhneatthc of the column,
analytes in subsequent mjectx{::sy ?;ronmrendm
quanutanonmﬂt.Ehmmauondglm attheh:letcndoftheoolumnap-
pears to minimize this problem by allowing injected co-extractives to spread over

a portion of the column where subsequent analytes cannot be trapped so readily.

In other cases, glass wool in the inlet end of the column prevent the rapid
deterioration of columns caused by i mzomfauyfuodlor
other commodities that are difficuit to clean up. Co-extractives trapped on the
glmwoolph:gmbcelnmnatedhyreplaungtheplug.anma,quﬂﬂ' and
less expensive process than replacing the packing material.

Choosing whether to use glass wool in the inlet end of the column appears

depend on several factors, inchuding type of packing material used,

bemganalyzed,analytaofmmut.typeofdetemr and method of analysis.
will dictate when the advantages of glass wool in the column inlet

outweigh the disadvantages; a laboratory attempting to locate the source of

lems in a GLC determination should definitely mmvestigate the effects of glass wool

in the column inlet.

Preparation of Packed Columns

Acceptable techniques for packing GLC columns are designed to fill the
column with as much packing aspoui!ﬂe(u.,:;epakdmn:mhla
tightly as possible) while breaking the fewest particles. Column efficiency increases

mﬂnheamountofproperlycmted rt in the column, and adsorption and
blems are minimized when careful handling of the packing mate-
nalcreates fewest broken (active) sites.

gm:king technique causes visible differen column performance (effi-
ciency) and peak symmetry. I.omelypackedmmoroohmconnhmémo

litle column packing are inefficient and a cause of inadequate separations. On
the other hand, a column packed too tightly requires excessive carrier gas
sure, which can result in the column becoming plugged with broken

To pack a glass column:

* Inscrt about 1-2" silanized glass wool into detector end of column, far
enough from end to prevent packing material from extending into detec-
tor base where temperatures are usually much higher than column oper-
ating temperature.

¢ Usc rubber mbing to connect detector end of column to vacuum source

(aspirator or vacuum pump); attach funnel with short piece of rubber
u?bpmgtomletcndofmhnmn

¢ Apply partial vacuum at detector end of column, and slowly add prepared
packing material through funnel.

Trenamiesl No. 941 {1/94)
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* Tap column while adding ing material, to settle it as ti
a:gom'ble; dﬂgtym a vibrator to hg settle packing. gy

* Continue to tap gently along entire length of column while adding
more packing, until column is full or within 1" of being filled at inlet
end.

To reuse a glass column:
¢ Remove old packing.

¢ Rinse empty column successively with 5% potassium hydroxide/metha-
nol and dilute hydrochloric acid.

¢ Rinse column thoroughly with successive portions water, alcohol,
and acetate to eliminate accumulations of hiquid phase and/or
sample co-extractives from column walls,

¢ Dry empty column before repacking.
Instalistion of Packed Columns

In modern GLC equipment, glass columns, filled with material, are con-
nected directly to the detector (metal) and injector ( ,» An arangement
mwggmmmemnqudmmumm
mally at high temperatures makes these glassto-metal connections

andeﬁminammblcnuonceanodatedwitbmchconnecﬁom.Fanm
these capabilitics include those made from Vespel, graphite, or Vespel/graphite

To install a glass column in the chromatograph:
Figure 502¢c ¢ Slide stainless stecl or brass (usually 1/47
Ferrules for Connecting Glass Swagelok) nuts onto detector and inlet
and Matsl ends of column followed by ferrule, as
shown in Figure 502c.
Metal mt
Farrue e Connect nuts on column to correspond-
\\ ing hardware on injector and detector.
Y
ya ¢ Tighten each nut finger dght.
\ ¢ To seal ferrules, alternately tighten
Gless column detector nut and injector nut using
{Reprintad with parsmission of Supeioo, Inc... sdepted standard wrench, ing instructions
e Sumhen A Pk CohareFerrdme i S provided by ferrule manufacturer. Un-
Heazl cvenlzmnexcnedpmreoneitherend
of co may twist and break it.

¢ Tum on carrier gas (30-60 ml./min) and flush with gas for about 20 min.

s After all oxygen has been flushed from column by flow of carrier gas
(and not before), turn on column oven to heat columa.

Tranmmittel No. 84-1 [1./94}
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® Check connections for leaks after establishing carrier gas flow.

During installation, always hold the bottom of the column for support. Do not
overtighten the nuts, which can force the column against the bottom of the inj

tor/detector and break the column. Refer to the instruction manuals ided by
the instrument manufacturer for more specific instructions on column installa-
tion.

Conditioning of Packed Columns
Coh:mn“blced'ndegndanonofmﬁomryﬁquidphne&mmahc&mmd
signal as the detector responds to its lumn bleed occurs in all col-
umns and is not in itself a m dmageﬂmm,mor

bleed, seen as a rise in c, may be caused by damage to the column.

maweswhthecolmnnnopmmdathnghcrnempeuunu.anddlmge
bemm.m:d!g;e)pn:ratmnattempemmreshiglwrtlmnallowmedt‘oraparlit:-hr{”?y
stationary pl

To minimize column bleed, newly packed columns must be conditioned before
they are connected to the detector; conditioning purges volatile ts that
cmzldoontammatethedetectorandproduoeanummdybaseline con-
dmonmgmvolvuhaungtheoohnmnabmnomulopatnngmpaannuﬁor
an extended period &nrtomuse The column must not be connected to the
detector during conditioning. In most cases, 2 normal carrier gas flow is main-
tained during column conditioning. Excessively high conditioning tcmperatures
will shorten column life.

column bleed by conditi is essential to I
phase is eedmgﬁ'om th:ycolumn mﬁeqlwntdemmdaningm anym
senuumtyoftheGLCsystemmllchange,quum remluwi]lgohﬂybe
affected, baselines will drift, and good quality chromatograms will not

“Stabilized” liquid phases are to be more thermally stable than their
nonstabilized equivalents, because they bieed less at normal operating conditions.
However, conditioning of stabilized packings is still required before use.

Conditioning procedures type of column packing and are provided
by the manufacturer in the ueramrempphedmththepacking e

Rejuvenation of Packed Columns

Column deterioration during use is most often camsed
ofsamplesm_;ectedontotheoolumn(seeSecﬂoanC) Emamofm

latgeammmuof&tsormk(gg,dmypmdlmaninnlm and fish
o:ls) cult to clean up thoroughly. Injection of excemive amounts of oily
exuaamnamemnibledamgewaGLCcothuyoroohmdmmnl
co-extracted from nonfatty foods may also damage the GLC column, but this effect
is not as readily apparent as that caused by oily co-extractives. Carc should be
taken to minimize the amount of any co-extractive material injected, inchuding the
use of additional or alternative cleanup techniques when original cleanup is inad-

equate.
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NOmmrhwwn&enmpledmup.wmemmﬂaﬁmdmm
on the column To prevent column deterioration, the column must be
peri cleaned. Packed columns are most often cleaned by removing up to
several inches of at the inlet end of the column and replacing it with new

(preferably conditioned) packing. To perform this operation:
¢ Turn off column oven heat and permit oven to cool.
¢ When oven is cool, turn off carrier gas and remove column.

* Remove contaminated packing with disposable pipet or other device,
mdmbmndeofgiaamhmnmthaoetoneumg clenneror
other appropriate device to remove fatty deposits or
tamination have adhered to interior column wall.

* Add fresh packing to column, in same way described above for packing
new columns.

Criteria for Acceptable Packed Columns

Column performance must meet the following criteria for successful

residue determination. Exact performance will vary somewhat as the column ages,
but minimum criteria should be met through its lifetime; when the column no
longer mects these standards, it should be replaced.

Some of these criteria relate to careful column preparation and conditioning and
are important to check when the column is new. Others relate to the potential for
gradual column deterioration and contamination during use. Some other part of
the GLC system may be responsible for the system’s failure to meet criteria, so all
parushouldbeexammedwhenthesystemuma]funcuonmg

oXy-
chlor breaks down to its olefin. DDTdeﬁenoramw'lDEorDDEormy
be lost entircly on a contaminated column. None of these conditions
should be tolerated.

2) Peak resolution of selected should be complete. For ex-
ample, dieldrin and endrin can be separated from one another on most
columns that are performing well; a mixture of the two should be

chromatographed routinely to monitor changes in resolution as the
column ages.

3) Peak heights for several should be when re-
petitive injections arc made. mprodudlﬁhty %) can have scv

the column. Compounds used to test the column for i
uyare those that may break down or be adsorbed by columns but can

chromatographed, such as endrin. When a column is
medtoanalyzeforcompoundsthatarehardtochromatogmph,nshould
first be checked with a compound such as endrin.

Trenemital No. 94-1 [1/94]
Form FDA 2005 (6/52)
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Sometimes, injection of large concentrations of compounds that are
dtfﬁculttochromatogmph may improve their . Some
pesticide chemicals may not chromatograph well until a is more
thoroughlyoondmonedbyprolongedme If a compound shows taili

or little or no response, or if muitiple peaks are obtained from injection
of a single standard of known ty, adsorption, degradanonoraome

othercohlmncﬂ'ectmaybethewue.(]hm of some com-
poazdsmynot be satisfactory until the column been used exten-
sive)

4) Instrument response to varying amounts of a compound should be linear.
A nonlinear response can have many causes, but breakdown or
ofthecompoundon:hecolumnmzyheindu:mdwhenthesyms
lincar for some compounds but not for others. It is
wmmlmemityforuchwmpmndofmmwhmthemmpom

are difficult to chromatograph.

5)A4mmidpackodoolumnsbouldhaveabaut500ﬂ:mnmlghma
foot of column length, as measured on a peak produced by p,p-DDT.
(Rctcnﬁonﬁmcofthepenkmedﬁecudleonﬂalphﬁcahﬂam.
measurement of the p,p"-DDT peak at whatever time it elutes from an
individual column is an admitted oversimplification, but is adequate for
the purpose defined here.)

Theoretical plate counts <500 do not render a column unac-
ceptable, but performance of columns with <400 plates/foot should be
closely observed. Routine measurement of theoretical plates will alert the
analyst to unsatisfactory new columns or to deterioration of columns al-
ready in use and is recommended as a part of the routine check on
instrument performance.

Recommended Operating Procedures for Packed Columns

Each GLC determinative step in Chapters 3 and 4 is described in terms of its
specifications and operating conditions. Most of these describe wide bore
columns,nwreoommendedforrouuneunempemudereuduedeurmmﬁon,
only Sections 302 DG20-DG23 describe systems with packed columms, because the
DEGS column of those modules has no wide bore equivalent. However, most GLC
data (rrts and responses) included in Appendix I, PESTDATA, were
with packed columns during the many years in which they were in use. Table
(l;pmndesoperaungeondmonsforpackedcolummmeﬁﬂmpmddemndue
etermination.

Column liquid phase and temperatre are dictated by the analytes being
in a particular method. Choice of carrier gas depend‘:ytherequirmnu
detectormsomem,argon/meﬂnneuusedtommodawdle“mm
capture detector. Carrier gas flow rate is typically 30-60 mL/min. Injection volume

is typically 38 pL.
Columns must be protected from damage that can oocur when the stationary
phase is exposed to oxygen at high temperature. Increased bleed of

products from oxidation will occur, and the phase can be damaged permanendly.
After any exposure to air, e.g., during septum change, the column should be

502-12
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Table 502-b:  Opersting Conditions for Packed Cokumns!

OV-101 ov17 ov-225
Liquid load, % 5 3 3
Injector temperature, °C 225 220 225
Target rrt? 3.110.06 3.5+0.07 3.6+0.06
(marker compound) {p.,p'DDT) (p.,p"-DDT) ( p.,p-DDT)
2561 0.05 3.3610.07 3910.1
(cthion) (ethion) (cthion)
0.69 £ 0.02
(lindane)
Elution time, min® 4 4 55
Conditioning* 1°C/mint0 250° 1°C/minw250° 50°C;
250°C, 216 hr 250°C, 272 hr 2° C/min to 245°
245° G, 260 hr
Special requirements Do not uae with
FICD or N/P

¥ All cobumne are: 1B m x 2 or 4 mm id; liquid phase cossed on 807100 mesh Chromonorb W HP, or equivalent.

: wwhmamd-nmdmmmqhmw
$ Approximate elution tirae of chlorpyrifos with carrier gas (nitrogen, helium, or srgon/methane, 3 required by
devector} at about 60 ml./min.

4 Conditioning performed with column disconnected from desector. Degas with 60 mL/min nisrogen for | hr;
temperature program as specified; hold at specified semperature with nitrogen fowing for specified time peviod.

checked for leaks and then flushed with carrier gas for 15-20 min before restoring
the column to operating temperature.

If it is necessary to change carrier gas tanks while the column remains at operating
temperature, interruption of column carrier gas flow can be avoided by urning
off secondary valve pressure, which is usually at 40-80 psi. While the gas flow
continues bleeding into the column, the main tank valve can be turned off and
the regulator moved to a new tank.

502 C: OPEN TUBULAR GAPILLARY COLUMNS

Capillary column GL.C has existed almost as long as packed column GLC and is
now preferred for determining pesticide residues in foods. Capillary columnns
provide greater inertness, chemical and thermal stability, column efficiency (and
thus system sensitivity), resolution, o temperature range, and column-to-
column reproducibility than equivalent columns.

In addition to the nature of the factors affect column
performance and hmbihty.hlq:nd g boml:nzze, film thxcknuzihyopeuung
temperature, column and carrier gas identity and flow rate. Most often, a
change in one column parameter improves some features of columnn performance
and diminishes others, so choice of column for a particular analysis is based on
an assessment of the most important featre(s).

Tretemital No. 94-1 {1/84]
Farm FDA 2805 6/792]
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dhlycohmmmmhblemthmmnaldmmmgmgﬁmo.mjs

mm. Efficiency increases as capillary column bore size decreases. Traditional (0.25-

032mm1d)andnanm(vbore Eﬂ%mmid) columns are noted for
. ficiency (25000 ical ol m), which i somal

noise ratio and thus sensitivity. High efficiency also the i resolu-

tion necessary for analyses of complex samples. However, sample capacity de-

creases with decreasing bore size, and columns become less forgiving of improper

.lnaddxhon,thclowmnergsﬂowutamed(ﬂ).QmUmmﬁxnmw

bore and <3 ml./min for traditional) require specialized flow control hardware.

For certain determinations, advantages offered by narrow bore columns
theirdisadvantaqes.'lhmﬁlm,nmwbme columns are ideal for special-
ized “ultra trace” determinations at levels of part per trillion and below, ¢g., for
demmmmd&mmdmmwa@umummdemmm
requircments of narrow bore columns related to gas flow, nmplcﬂnmy
injection technique, they provide the ultimate efficiency, resolution,

needed for these determinations.

The low gas flows required with narrow bore columns also make them
the best choice for use in certain instruments. For example, interfacing narrow
bore columns directly to mass spectrometers has become an industry standard,
because the low flow is compatible with the requirements imposed by vacumm
conditions within the spectrometer (<1 mL/min maximum flow). Use of narmow
bore columns obwiates the need to divert carrier gas before effluent reaches the
spectrometer.

Inconuast,mtherw:debore(O.SSmmﬂ)onndiﬂoml columns are
preferred for routine residue determination, with wide the most
popular. Although bore columns are less efficient than narrow bore, they

offer greater sample capacity; depending on the film thickness, wide bore columns
may have sample capacities comparable to packed columns. Carrier gas flow of <6
ml./min is recommended for optimum efficiency, but if this results in

long analysis time, the larger internal diameter of a wide bore column can accom-
modate 20-30 mL/min without generating excessive column head pressure. Wide
bore columns can be operated at these higher gas flows ("packed colomn condi-
tions”) without the specialized pneumatics required for low flow rates. Perfor-
mance of wide bore columns can be optimized by changes in carricr gas flow rates

and other system paramecters, such as injection technique.

improved.
synthetic quartz, coated on the outside with polyimide, which makes them
flexibie, and easy to handle. Stationary p! mnowaoa-ﬁnkedmlr
mers bonded to the interior column wall, effectively eliminating column

502-14
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Figure 502d Figure 502-d shows a crosssectional view of
Capillary Column Crose-Saction a typical modern open tubular capillary col-
umn.
Polyimide costing
Tubing for

drawing silica a The
Fused shcatbing  cxterior of the drawn tubing is then
coated with a plastic imi ing and
the interior cleaned mmd’ deactivated. mgl!.lact'

Cross-inked processes used by manufacturers are
polymer iquid etary and beyond the scope of this
phess Themxltantmhmgismyﬁuible.mgged,

and reasonably inert and requires only mini-
Orawing (not to scale) of GLC cepllary 3] care in handling. It is easily cut and may
m‘aﬁggymmm be coiled around cages and flexed as neces
from 0. mam. nryformmumentoonnemam.thnre-

luscd,thembm%v nmpld'yn;g
connections. Capillary columns are available in lengths from 1060 m; 15 m or
m columns are usually used for determination of pesticide residues in foods.

Stationary phases are no longer simply coated on the interior walls. Individual
stationary phase polymer “strands” are cross-linked, and the crosslinked stationary

phase is covalently bonded to the deactivated interior wall of the bypm»
prictary processes. Columns prepared in this manner are more th
tbmcoawdphasa,mtheymbeopemmdm:tlﬁhaw

by solvent, o the degree thatthey can be rinsed "'“‘“""“‘“‘""“‘m
by solvent, to the degree that they can be rinsed with solvent to remove n:
contaminants. The process of crosslinking also facilitates preparation of thicker
films (ie, 1.08.0 pm) that are otherwise difficult to hgrepare Chemically, the
stationary phases are equivalent to those coated on soli for packed col-
umn use, so relative retention times for analytes are essentially the same in equiva-
lent packed and capillary columns, as long as column temperature is the same [4].

Capillary columns are available with films ranging from 0.10-5.0 jtm thick. Col-
umns with <0.32 mm id usually have film thickness of 0.10-1.0 pm, while those of
20.32 mm id have films 0125.0 pm. Film thickness is proportional to sample
(analyte) ity, i.c., thicker films accommodate more analyte without overload.

» 2 0.53 mm id column has a sample capacity of 53, 130, 530, and
2600ngforﬁlmth1cknenesof01 02, 1.0, and 5.0 pm,
capaatyftraOﬁmmndcap:ﬂaqcohnnnmabouthalfumuchformhﬁlm
thickness [2]

Column efficiency, however, is i roportional to film thickness. Thick film
columns are also more retentive than ﬁhncoiumm,soreunnonnmum
longerandanalytepuhbroaderonthefoma Thick film columns are also
more susceptible to column bleed.

Because polar stationary phases (e.g., cyanopropylphenyl) are difficukt to coat onto
columnwalls,theyareusmﬂy available in film thicknesses up to 1.0 pm. Polar
stationary hasesuendtoblcedmorethanthen'nonpolarmnmpaﬂ;evenunder
ideal itions.

Film thickness for columns used in pesticide determination is normally 1.0 or 1.5
jm, which provides optimum balance between phase thermal stability, analyte

Tewnamittal No. 54-1 {1,/94)
Faren FOA 2805e [8/82])
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retention, and analyte column ty. between film thickness and
column efficiency, thermal mblha“t’;uanalywm retention, and capacity are discussed
in detail in most modern GLC books (Section 505).

Each stationary phase has upper and lower temperawre limits that define the
operating range, but only the upper limit is of concern in pesticide determination.
Opemuonattemperammexceedmgtheu?crhmumkutﬁphaedegnda-
tion. Heating a column without carrier gas or exposing it to any oxygen at
tempemlt;;uzlwc,cvenforshonpcmds.mdamagephaunpdlyand

Injection onto Capillary Columns

The small internal diameter of all capillary columns imposes specific requirements
on how injection is performed; the narrower the diameter, the more rigid the
ts. (These injection options should not be confused with injection
discussed in Section 501 D. That section covers choices between manual
andautomancnyecuonandamongmoustechmquaforhandhngmmgu.m
section refers to ways to accommodate injection and vaporization of solvent into
the restricted space available in capillary columns.)

Eztenmeresﬂmhmwmmsofmunduungsoluuonsonwapmnyoohmhu
produced four mmmonmchniquc.mﬂedspﬁt.spﬁdmon—wlmmd
direct. Each has tages and disadvantages, and each has found uses in particu-
hrGLCapphmuonsFDAsmdies,homr,mppoumoommendaﬁomdutpun—
cide residue GLC determinations be performed with direct injection, using a re-
tenuongap,ontomdebobﬁiﬂnycolumm [5]. This system chiminates or
minimizes problems such as broadening, peak splitting, and intolerance to
variable injection volumes {6-9]. Dmmjecuonmhuinuoducuonofdmnnqh
mtoahot.vaponungmletmthtonluamfer(no of injected materials
ontotheanalyucalcohnnn.GLleeudutgn eolumma:e::g
converted to use with direct injection,; kits for wimmwmmermﬁy
able. Injecnonvo]umofo.!i-ﬁflumeed

Direct injection is not suitable for use with narrow bore columns or low gas flows,
sorefemneusuchasthoucm&ecuonﬁﬂéshouldbesmd:edﬁ:rﬁmbamﬁnmn-
tion on the other injection techniques not covered here.

Capillary Column Systems

The practical necessities of residue determination require that a minimum weight
of sample cquivalent be examined by the determinative step. When capillary col-
umn GLC is used for determination, provision must be made to ensure that the
volume of extract needed for injection of this weight does not overwhelm the
phmmpaatyo{ﬂleeolumn 'Ihefollamnapigm t8 are required to accommodate

limitations imposed Because requirements become
mmm;entummﬂdzﬁ)emdmdﬂumtmmmdammay
apply to wide bore and traditional capillary columns.

Retention Gaps (Guard Columns). Use of 2 “retention gap” [10] is recommended
formpillaxyoohunnGLCmeft.iqupadud residue determination. A retention gap
is a segment of deactivated silica tubing (without stationary ptme) that is
placed between the instrument inlet and the top of the capillary column; in effect,
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it serves as an extension of the column inlet. Tubing 0.53 mm id and 1-5 m long
is commonly used; a length of 5 m is recommended for pesticide residue deter-

A retention gap serves at least two purposes: (1) Itptmides?meforthe
solution to rize and expand, thus permitting injection of solvent volumes (>1
pL) that ¢ not otherwise be injected into capillary mibing; and (2) it provides
surface area for depaosition of co-extractives, thereby protecting the analytical col-
umn from buildup of nonvolatiles that can cause loss of efficiency and analyte
decomposition or ion; in this role, the retention gap is often called a
“guard cohumn.” installed, a retention gap will not noticeably reduce
column efficiency.

Inlet Adapters. Direct injection of extracts and standard solutions onto capillary
GLC columns requires a glass adapter to minimize analyte contact with hot metal
surfaces. Adapter design has gradually evolved to meet the practical needs
of trace level determinations.

Figure 502-¢ shows three styles of inlet Figure 502e

adapters evaluated for use with direct inlst Adapters for Capilery Columns
injection. Adapter 1, the straight tube
ad'apt:r,isaimplest.Ampillaryoolumn
or retention gap is inserted into the

bottom of this adapter with a stainless Diepocable
steel reducing union. This adapter, ner
containing a small wool plug, was

ﬂmoeaﬁlﬂymdmgﬁmnwdebore

columns to determine pesticide resi-
dues in foods analyzed by the method
described in Section 302 [11]). How-
ever, this style adapter is not recom-
mended, because it allows exposure of
analytes to the hot metal reducing
union. In addition, injection of large
volumes can result in flashback of sol-
vent vapors and analytes into the in-
stTument pneumatic systems.

Adapters designed with tapered
restrictors at the point where the col
umn or retention connects are
pmﬁ:mbletosumgb t this
design climinates contact of analytes ] | d
with the hot metal reducing union. M @
Adapter 2 di a commercially avail-

able direct injection finer [12] Inlst sdapter used with cepliary columns: (1)
with a nontapered restrictor at the top  streight, (2] adepter with restrictors, and
and a tapered restrictor below for con- (3} adeptar with disposable finer.

nection to a column. The top restrictor

minimizes both flashback during injection and contact of analytes and solvent with
the scpmm area of the inlet. This adapter was used with extracts from
Section 302 [13], and its performance was validated with an interlaboratory trial
involving similar extracts cleaned up with Florisil [14]. The only drawback with
this adapter is difficulty in cleaning.

Treranittel No. 54-1 (1/54}
Faorm FOA 2805e {6/592)
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provement in inlet is the addition of an
disposable er. Originally, anad:mr intended for use 'iet;ilznr:ghcedm
injection (not pictured in 502-¢) was inverted and modified to include a
d:spouableSupelcovaeCo inlet liner, a small amount of column packing, and

wool plug for determination of organochlorine pesticides in fatty
foods[lS] Subsequently, during application to analysis of nonfatty foods, the
column packing wasfonndtobeunneounrySuweuful ication of
this adapterliner combination led to commercial production of 3, de-
signed specifically for use with a replaceable liner, as shown.

Use of a liner protects the inlet adapter, because nonvolatile co-cxtractives deposit
on the liner rather than the ter. A contaminated liner is easily replaced
without disturbing the connection the adapter and the column; depend-
ing on instrument design, the liner is changed afier removing the scptum or after
removing the adapterliner combination from the GLC inlet.

Chmmatogmphmdﬁucnqunnganyoﬂhueadngﬂlwmdewmwiﬂlm-
mpcnonsoffoodcmeﬁuen an the
from the instrument,

inpec g 1, Fiind.
adapter (without a column attached) should be heated overnight to
temperature with 10 ml./min gas flow to remove excess silanizing reagent.

Septa. In GLC, injections are made by microliter syringes through septa made of
materials that permit passage of a needle and then reseal after the needle is

withdrawn. Foru'oubluhooungpmpows,chm hers must be aware of the
problems that can be caused by septa. Each a limited useful life, after
which it leaks and must be replaced. septa cause inaccuracies in

quantitation, problems with chromatography, exposure of the system o air.
Materials from which septa are made can contribute to system bleed and/or can
become brittle with use. Shards from damaged septa can also pass into wide bore
columns and block gas flow.

adapter installed in the GLC inlet is sealed by means of a nut
andhlghngfga-amfunﬂe Fem:lesmmﬂa!ﬂcmmmmu, and
instrument manufacturers specify to be
med:neachmsmunent.'l‘ypl fermlesofl mused,though
ferrules consisting of graphi amalsocommonandsomeumesm—

quired (e.g., gmphme/Vespel is used in because graphite ferrules out-gas).

Analytical columns are connected to retention with “low dead volume” or
“zero dead volume”™ butt connectors. Various mwmmﬁeb
compames,mcludingfemﬂe esive, press-in” types.
nmplm% are the pressin types, in which cach wbe is pushed
endsofaﬂamdoonnectortoformaseal.hu-momnmm
for most applications and are ideal for 053 mm retention
gapsmnnaﬂerdiameterana]yumlooiumns.'rhe style of pressin con-
neaoxs.m.thosethatoonnectmlﬂngnfanynm,havebem&umdtomrkbm

The two most critical connections in capillary GLC are those that connect the
analytical column to the inlet and to the detector. Connections not only must be
leak-free, but positioning is critical to optimum performance. Most manufacturers
of gas chromatographs provide detailed instructions for positioning the column
outlet at a specific location in detectors. These instructions must be followed

exactly. If the manufacturer’s instructions for proper positioning of capillary
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column ends are not available, optimum positioning must be determined experi-
mentally.
Inletcohmnposiﬁoninghahoaiﬁalhnissimpliﬁedwiﬂ:inletadapmor
liners that have tapered glass restrictors for colamn seating. The restriction is
positioned at the proper location in the inlet, and the column is inscrted firmly
to form a seal between the polyimide coating and tapered fitting. Adapuers or
liners with no tapered glass fitting require careful, precisc measurements for proper
column positioning. Manufacturer’s instructions for positioning mbing in inlet
adapters or liners must be followed exactly.
Carrier Gases. Hydrogen and helium are the carrier gases of choice with capillary
columns, because their flow rates can be increased with less loss of cfficiency than
is seen with nitrogen. The
Fgure 302§ van Deemter curves for ni-
Van Deamter Curves trogen, helium, and hy-
drogen 502-f) dis-
play the on column
1.2 efficiency (HETP) of in-
creasing average linear ve-
1.0- Ny locity (cm/sec, calculated
S as column length in cm/
E_ retention time in sec, of
= 087 an unretined peak) in 2
5 06 - He typical capillary column.
E Minimum HETP (i.e,
0.4 Hg maximom efficiency) for
nitrogen carrier gas occurs
024 at very low Iinear velocity
(flow rate) and over a
1 11 1 1 1T T 1 narrow range. Any in-
0 20 30 40 SO B0 70 8O 80 crease of flow causes a
Averege Lineer Velocy (cm/ substantial decrease in
el column . Chro-
Efflect of carrier ges flow rete on column eficiency for severs! mﬁﬂa rate
geess, meesured using 30 m x 0.25 mm id column, 0.85 mm for usable col-
film thickness. umn efficiency resulis in
unacceptably long analysis
time.
Compared to ni , van Deemter curves for helium and hydrogen show
est efficiency at hi erﬂowmtes.Useofthmegaaattheiropﬁmumﬂowreﬂ
analyte elution time. The much shallower curves for these gases also demonstrate
that increasing the flow above optimum to further reduce analysis time results in
acceptable losses of efficiency. For these reasons, helium and hydrogen are com-
monly used as carrier gases for most capillary GLC applications.
Two different modes of ion, differentiated by carrier gas flow rate, are
possible with wide bore capi columns. Maximum column efficiency is achieved
in “capillary column mode,” i.e, with carrier gas flows <6 mL/min. However, at
these low flow rates, chromatographic time is considerably longer than the time
to which pesticide analysts are accustomed with packed columns.
Tranemital No. 841 [1/84) ﬂ.19
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Operation of wide bore columns in “packed column mode,” ie, 10-25 mL/min
carnergasﬂow at 200° C (isothermal) combines the advantages of oo}
umns’ fastcrehmonmﬂxopenmhlhroolumm greater deactivation ( active
sites). In this mode, column or cxceeds that of equivalent packed
columns. At the same time, pesmda that require polar Ii phases (eg.,
DEGS) for packed column bemmeuﬁ:!ly
onaplﬂarycohxmns,emmthn:::ﬂolar phases [13, 14]. Because analyte
relative retention times phase and column temperature,
extensive data (Appendlx L PESTDATA) eomplled over the years for packed col-
ummmaybemedfortcntanvexdmuﬁcm[:onofrukhmfmmdmth
columns operated at the same temperature {4). Directions for operation of a wide
bore capillary column in packed column mode, validated by interlaboratory study
[5], are presented below.

Carrier gas should be of the highest possible purity, because use of highest purity
gsmllextendap:l]axycolumnhfe Momandoxygmtnplahmldhemed

Makeup Gases. Because modern GLC detectors are designed for per-
fonnanoeatgasﬂmgreaterthanthouepufeﬂedforcaplhry some
xtcmsmquu'eaddmoml'makmpgas to be added before effluent enters the

tector. In addition to providing proper flow rate for optimum detector perfor-
mance, makeup gas cfficiently sweeps analytes from the end of the column into
the detector. A gas different from the carrier gas may be used if the detector
requires a specific moderating gas, such as argon/methane or nitrogen for an
electron capture detector.

Makcup gas used for detector moderation should be of the purity level recom-
mended by the manufacturer. As with carrier gases, moisture and oxygen traps
should be used for all gases.

Installation and Conditioning of Capillary Columns

Rngudlesoftheoonnecdonbemgmadcyoper ; of the column and
$pucnnml.$quare clean cuts minimize flow and allow
mbmgof aameordxﬁ‘erentdnmewntoconnectmoodﬂy Cleaving tools for
polyimidecoated fused silica capillary tubing are available from most chro-
companies. After scribing the polyimide coating with a deav-
mgtool.the ncmbyapplymggentlermnembmdthemlumnom
mwhereltmm'bed.lfpropedy e column will break cleanly at
point. New cuts should be examined with a 10-20X magnifier to ensure that the
cut is square and clean with no ragged edges or chips in the polyimide coating.
Tubing should be recut if necessary to achicve a proper finish. All cuts should be
made after installing any ferrules (especially graphite) ontothemhingtoelim:—
nate the possibility of small shaved ferrule particles being deposited in the end of
the mbing.

Two techniques can be used to facilitate marking critical measurements for proper
column positioning with cither detectors or inlets. Watersoluble typewriter correc-

tion fluid can be used to mark columns at the desired length; the fiuid does not
react with the polyimide coating and is easily removed. Alternatively, a small slice
of septum pushed onto the column can act as a marker and simultaneously hold
the nut and ferrule in place for easier mancuvering in the oven.

502-20
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Afier the inlet, column, retention gap, and detector have been connected, carrier
gas flow should be established an connections thoroughly checked for leaks.
Every connection should be treated as the source of a potential Jeak, so connec-
tions should be minimized. Manufacturer’s instructions must always be followed
carefully to obtain leakfree connections. Soap solutions must never be used to
detect lcaks, because they can be aspirated into the system; the resulting contami-
nation with nonvolatile materials can be removed only by rinsing the contami-
nated arca. Electronic leak detectors are preferred. All leaks should be eliminated
prior to heating the column.

Capillary cohumns with crosslinked, bonded stationary phases do not require the
extensive conditioning of packed columns, because the stationary are more
stable than those in packed columns and less susceptible to Usually, parg-
ing the column thoroughly with carrier then heating it to 20-30° C above the
maximum operating temperature for 1 hr is sufficient to condition the column.
Conditioning is performed with carrier gas flowing; the detector may be con-
nected during conditioning of capillary columns. It is critical that the upper tem-
perature limit for the column not be exceeded.

Rejuvenstion of Capillary Columns

With time and use, nonvolatile residues accumulate in all capillary columns, re-
gardiess of the use of retention gaps or other protective measures. Efforts to
improve deteriorated chromatography should always begin with removal of

ﬁonsofaoomaminatedretenﬁongaporr?hc:mcmd‘themenﬁongap. the
analytical column is also contaminated and replacement of the retention ]
insufficient to improve , & portion of the inlet end of the i
cal column can be removed by cutting the column as previously described. If a
capillary column 25 m is used, removal of a relatively short segment does not
significantly affect its overall length or behavior, even if segments are removed
repeatedly.

When removal of a contaminated t of column is insufficient to restore
appropriate hy, the can be rinsed with solvents to help
remove accumulated resi ; rinsing may be performed with the retention
au:::ih:idcolumnﬁmingpouiblebecmmeofthemhﬂhyoftheao-ﬁnﬁ
bo phase.

Kits for rinsing columns are commercially available. Most kits consist of a vial that
serves as a solvent reservoir; the vial has fittings for insertion of the column and
for connection to a that pressurizes the solvent. The detector end of the
column is inserted into the vial containing the rinse solvent, and gas pressure
forces solvent backward through the column. The column should be rinsed with
a sequence of solvents in order of decreasing polarity, starting with water and
ending with hexane. Each solvent should be miscible with the preceding one.
After the column is rinsed and excess liquid purged with gas flow, the column is
re-installed and vﬁthanierguumbientlmmforwﬁomin.
The column should be conditioned by heating to 20° C operating tempera-
ture for at least 15 min, but the upper temperature limit for the column must not
be exceeded.

Trerwmittal No. 94-1 (1/54}]
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Recommended Operating Procedure for Wide Bore Columns (Esothermal)

The following procedure describes the and operation of a wide bore

lary column in packed column mode. Both injection adapters (below) were
successfully validated [5, 14], and either may be used. Option 1 is recommended,
because the disposable liner can be easily replaced once it has become contami-
nated with injected co-extractives.

Apparatus and Reagents.
column, fused silica column, bonded with one of the substitated
gﬁlzﬂlmnephm('l‘ -a), 30 m long x 0.53 mm id, 1.0 or 1.5 pm

retention gap, deactivated fused silica tubing, 5 m long x 0.53 mm id

capillary column connectors, low dead volume or zero dead volume, suitable
for connecting analytical column to retention gap

direct injection adapter. Use new adapter as is without Resilanize
used and cleaned adapters with 10% dlmcthy‘ldu:hloroaihneﬁhnh?gtohme' after
resilanization, heat to 240° C overnight with gas flow before use. Optional

adapters are:

1) Silanized direct injection adapter (Figure 502<, 3), 174" od,
4mm1d (Gat. No. 210-1071, J&W Scientific, Folsom, CA). Thsahpwr
s made to FDA specifications and is available with the

er part number. Direct injection adapter is 220 mm total length. Inlet
end, 125-130 mm long measured from top of restrictor, has notches.
Column oven end descends 75 mm below flared end of restrictor.
Column oven end may be shortened if desired; if cut, at least 20
mm tubing to attach adapter/column reducing union and k fire

polish cut end. With Option 1 only: column inlet liner, for
4 mm id columns (Cat. No. 20540M, Supcico, Inc., Bellefonte, PA, or
equivalent)

2) Double restrictor adapter, 1/4" od (Figure 502-¢, 2).
hastworemaors.'l‘oprumetoraﬂmpangeof needle into

chamber formed by two restrictors. Lower restrictor s tapered for con-
nection of column end into adapter. Sihniundm prior to use if not
silanized by manufacturer or if adapter has been ed. These adapters
mayb!;eplu'chasedcutmspeaﬁedlmglhoralmgmmtobe
cut by user.

pesticide grade silanized glass wool; see Section 204 for silanization
mlaboratorrmustbefmeofmtmgen,ch!onne,phapham,ormlfuroon-
taminants

m;ﬁnarymnauonht,mqunedifchmmwgn;ﬂ:wdengmdforpaded
column. Kit should include necessary fittings to attach retention gap to
adapter and, if neccssary, wdetector,mthpmmonformakeupgasatde-
tector connection.

502-22
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Gow-Mac Leak Detector, available from chromatography suppliers

Magnifier, 20X
typewriter correction fluid, water based (if needed to mark correct positions
on capillary tubing)
capillary column cleaving tool
Instrument Setup. Connectappamunaccordmgtofollowingdimcﬂom,m

instrument manufacturer’s instructions and adjust directions as n

commodate specific equipment. Figure 502-g shows the Option 1 inlet sylwm
arrangement:

¢ Place ferrules and nuts on end(s) of retention gap and column.

. Cutendsofoohmmandretenuongapwnhcagmﬂﬂduvmgwolltu

that ends be cut to climinate pos-
Sbiley of ferrule fragments bocomming sctled in sblog, Examine new
cuumchOXmagmﬁertommthmmcharelqlnmandmodl

Recut as necessary to obtain smooth, square ends.

Fgure 5029
Capillary Column inlst Systam
‘ TV, 1 y. Septum
1
Pt
l=— G inlet
125
mm
8 farus 4
” Tapered restrictor
Direct Pid " within adapter
adapter - mm
' G“;: = seals with
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Glianendsofcohmnandretcnﬁongapwid:wipermmdwithmedn-
no

Attach retention gap to column, using appropriate capillary column con-
nector.

Secure retention gap to column cage.

If using injection adapter (1), place small plug of wool in inlet end
andpmhdomaﬁrarmimr,d:enphcedip&?ﬂe?umcomﬁnu
in inlet end of adapter. If using injection adapter (2), use as is without
additional equipment.

Gently insert adapter into instrument inlet or fitting until it touches top
of injector. Move it back about 1-2 mm and tighten nut. Exercise care
not to fracture end of adapter or liner when tightening nuts and ferrules
during installation; overtigh can cause leaks and deform expen-
sive hardware. If considerable rt is necessary to tighten fitting, it
may already be deformed and should be (Follow manufac-
turer’s instructions on how to tighten ferrules, check for leaks with
leak detector, then tighten in small increments, ¢g., 1/4 mrns, using
correct size wrench to obtain leak-free connection.)

Amtach reducing union (for connecting adapter to retention gap) to col-
umn oven end of adapter.

Insert end of retention through reducing union and into adapeer.
Push retention gap into flared portion of restrictor until seal s
formed between polyimide coating of retention gap and adapter restrictor
wall. Formation of seal is evidenced by visible “ring” at contact point
between mbing and restrictor wall (Figure 502-g, enlarged area). Tighten
column nut on reducing union.

Ifnwﬁ,imall gas fitting to detector inlet using appropriate
length dimet;?okfc&niudmbore(lmmid) wubing.
Install column into detector as dirccted by detector s in-
structions (if available) for positioning column. Sce section on connec-
tions, above, for additional cautions about cffects of column positioning.

Use helium carrier gas to best column efficiency and
with various detectors. For 30 m X 0.5% mm id columns, set initial flow o
20 mL/min.

Use makeup gas as needed to accommodate optimum detector operation.,
Ni helium, argon/methane, or other may be used, as re-
q-mcf%rpmpcrdctecmropaaﬁmm of makeup gas so that
totalﬂowofarrierandmakmpgmesethgf:nmgsﬂwmm
mended by detector manufacturer. Makeup gas of 540 mL./min are

typical.

502-24
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System Startup and Inspection.

]

(2]
(31
[4]
[5]
[6]
[7]

(8]
(91

* After installation and establishment of initial carrier and makeup gas
flows, check all connections and fittings for leaks with clectronic leak
detector. Do not heat system until it is leak-free and has been

purged with carrier gas for 15-20 min to avoid damage from oxygen.

* Heat column to 230° C for 1 hr or until detector baseline has stabilized.
Reduce temperature to 200° C and recheck both carrier and makeup
gas flow rates. Adjust carrier gas flow and column temperature as nec-
essary to meet retention time and rrt, requirements for specific system
bemgmed.Re-adjmtma.keupﬂowasnemqmmamIamopummn
detector flow.

¢ Evaluate system for lin , and tolerance for varying
mjccuonvolnmes.Systemsh belinearonratlcaatoneﬁ:llsale
deflection on in /recorder. For accurate quantitation, responses
to repetitive inj ofmndudrefemncemmalshouldhmpw
cent relative standard deviation <5%. umimuomoni::gecnan

own that injec-

must be determined for each system. Experience
tion volumes of 1 Mﬂannormﬂymlmmdmthoutadm!eaﬂ'em

on analyte response.
References

ﬁnnings, W. (1987) Anabytical Gas Chromatography, Academic Press, Orlando,

Poole, C., and Poole, S. (1991) Chromatography Today, Elsevier, New York
Bostwick, D.C., and Giuffirida, L. (1968) J. Assoc. Off. Anal. Chem. 51, 3438
Fehringer, N.V., and Walters, SM. (1984) [ Assoc. Off. Anal. Chem. 67, 9195
Parfit, C.H. (1994) [ AQGAC ut. 77 92101

Grob, K., Jr., and Mauller, R. (1982) J. Chromatagr. 244, 11851196
%ghran,M.F. (1986) J. High Resolut. Chromatogr. Chromatogr. Commun. 9, 272-

Seferovic, W., et al (1986) J. Chromatogr. Sci. 24, 374-382
Hinshaw, J.V., Jr. (1987) J. Chvomatogr. Sci. 25, 4955

[10] Grob, K., Jr. (1982) J. Chromatogr. 237, 1523
[11] Pennington, L.J. (March 1986) *GLC Behavior of

0=
phosphate Pesticides on Three Mcgabore Capillary " LIB 3017, FDA,

i,

[12] Jennings, W., and Mchran, M.F. (1986) [ Chromatogr. Sci. 24, 34-40

Traneerittal No. 54-1 [1,/84)
Farm FDA 2908a [E/92)



SECTION 502 Pesticide Anaitical Manual Val. |
[13] Saxton, W.L. (Feb. 1988) “Evaluation of Wide Bore Columns for
Luke Extracts Which Have Not Undergone a Column " LIB 3182,

FDA, Rockville, MD
[14] Gilvydis, D.M., and Walters, S.M. (1991) [ Assoc. Off Anal Chem. 74, 830-835
[15] Ho , M.L. (1987) J. Resolut. Chyomatogy. Chromatogy. Commun. 10,
620622 ) et

Trarmmital No. 54-1 (1/84)

502-26 Form FOA 26050 (6/52)

29



.

Pesticide Analytical Manual Vol. | SECTION 503

S03: DETECTORS
503 A: INTRODUCTION

GLC detectors are devices that indicate the of cluted ts in the
carnergasemergmg&omthemhnnn.hcpendingm onthecom[::nm which they
measure the quantity of the analytes, detectors are classified as di tial concen-
tration, differential mass, or integral [1]. The electronic equipment associated
with the detector amplifies the signal and causes the response to be recorded.

Definitions of Detector Characteristics

Characteristics of detector operation that are critical to qualitative and quantita-
tive determination of residues include sensitivity, selectivity, and linearity. Certain
termmologyncommonwtheducumomofﬂxuechmmindﬂemm

detectors.

Semsitivity. Detector sensitivity refers to the relationship between amount of analyte
injected and response of the detector. Detector response is the change in mea-
sured detector signal that results from a change in amount of analyte t
within the detector volume; measured detector signal includes the i
provided by associated electronics. Sensitivity is often described by referring to the
smallest amount of a specific analyte that causes a measurable detector signal.

FDA methodology has waditionally specified detector sensitivity in terms of ng of
comg;:l:dthatma%%fullsdedcﬂecnon ) ona i
ordata convention is continued in this chapter and in the determs-

nauvestepdmpuominﬂhaptcr&metbods.

. Detectors must be selective to be suitable for use in determining any
trace residue, including pesticides. Selectivity refers to the detector’s i
response to one or more elements (“heteroatoms”) or functional groups that
might be present in analytes of interest. Response of the detector to these moieties
must far exceed its response to carbon, hydrogen, and oxygen if the resulting
is to distinguish between residues and food co-extractives present
in the same extract.

Nonselective detectors, such as flame ionization (Fﬂ))andd:cmnl
(TC), nd to solutes in proportion to the mass of each that elutes from the
column. detectors are impractical for most residue determinations.

Amongdewmatha:mmnﬂeforreudmdemmselemtymthe
moiety of interest varies considerably. Probably no detector is completely *

to onec heteroatom or functional group; instead, degrees of selectivity can be
described in terms of the relative response of the detector to the same weight of
different compounds or moicties.

In practical terms, the greater the detector selectivity, the less sample cleanup is
needed (within the boundaries discussed in Section 501 C) and the upthe
inherent degree of confirmation that is provided by the determination.
thelesselecuvethede&cmrmthetypeofanﬂymbdngdewcted.ﬂleg!uwrthe
precaution needed in preparing samples, avoiding reagent contamination, and
confirming residue identity.

Trenwmital No. 94-1 [1/84])
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Some relatively selective detectors are subject to interferences from co-extractives
that contain the heteroatom to which they respond, in i those detectors
that respond to the presence of nitrogen or sulfur. ive detectors are
mbjeawMerableimafemnce&amogmicdimlﬁduprucmhfoodsuxh
as onions, rutabagas, and brassicas. Use of cleanup steps to remove or react
the interfering co-extractives may also cause the analyte(s) to be lost. Nitrogen-
containing compounds are extractable from all foods; for this reason, no detector
thatselecﬁmlymgndsmdemenmlnimgenmmbemﬂym
in analysis of foods for trace-level contaminants. Several HPLC determinative steps
have been developed for &amcular nitrogen-containing functional groups
(Sections 401 and 408), and these have heen more successful because interference
from other forms of nitrogen is avoided.

Linearity. Use of a detector within its linear range is a prerequisite for the sim-
plified way in which residues are routinely quantitated in pesticide residue deter-
minations (Section 504). Terms associated with detector Linearity are: dynamic
(response) range, over which a change in the amount of chemical present within
the detector volume produces a measurable change in detector and
linear (response) range, the portion of the dynamic range over which a change
intheamountofachenﬁalpmtvﬂdlhdledehmnmrmmm ‘;_
proportional change in detector response. A detector’s linear range is

mzlyuw&hto?eerwhichthesemiﬁvityofthedetecmrisommwma
determined from a linearity plot of response/weight vs log weight [2].

FDA laboratories evaluate the dynamic range of a detector and then operate in a
scgment of that range that exhibits appropriate linearity. For added assurance that
quantitation is accurate, sufficient extract and reference standard solutions are
injected to cause detector responses to residue and standard to agree within 25%.

503 B: ELECTRON CAPTURE DETECTOR

The electron capture (EC) detector has been used for many years to analyze
foods for organohalogen pesticide residues. The earliest EC detector in com-
mon use had a >H (tritm) radicactive source; this was later replaced by detectors
using a %*Ni source. The continued popularity of the EC detector results from
its high sensitivity to halogen and certain other moieties, as well as its ruggednes
and low maintenance needs. Its sensitivity makes it applicable to determination of
residuuathcppbandcvenpptleﬂiuwidedynmkrupomeunge(ﬁdﬁug
its use with automatic data systems, and its high operating ﬂmmre <400°

minimizes detector contamination by sample co-extractives column bleed.

These advantages are offset by the EC detector’s low ivity compared to other
detectors used in residue determination. When using the EC , appropriate
methodology precautions are necessary to prevent introduction of interferences
from food samples, reagents, or the environment (Section 501 C).

tors, all of which operate on the principles described below but vary in source
activity, cell volume, and geometry. Most EC detectors currently in FDA labo-
ratories are from Hewlett-Packard (HP), Wilmington, DE; Tremetrics, Inc.
(formerly Tracor, Inc.), Austin, TX; or Varian Associates, Sunnyvale, CA. Discus-
sions of detector characteristics in this section refer to detectors from these manu-
facturers.

q!
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Principles

High energy beta particles, emitted by the ®Ni source, collide with carrier
molecules to produce low en clectrons. These electrons are contim
collected at the cell anode by applying voltage pulses 1o the cell electrodes.
current thus produced is measured and the pulse interval (frequency) adjusted 1o
mainainconstamceﬂammLAmndingpuheﬁeqmcydmibuﬂleoﬁﬁlﬂr
rium condition that exists when only carrier gas is passing through the

When molecules of an electrophilic substance enter the detector, electrons are
“captured” to a degree dependent on the amount and electron affinity of the
substance. As the electron supply is thus decreased, pulse frequency increases to
generate the exact number of clectrons necessary to maintain the cstablished
constant current. Change in frequency required to maintain constant cell current
is converted to voltage, and this signal is sent to the recording device as the
detector’s response to the analyte.

Design

Two basic differences exist in EC cell
design, one a pin-cup with ®Ni plated

on the cell wall and an anode sus- A
pended in the center of the cell cavity
from the top, and (lihe otheredwith “N;
plated onto a cylinder align
tothecolumnczl:éceﬂﬂow. e elec-
trode leads enter the cell cavity at right
angles to the source and gas flow.

Figure 503«
Two EC Datector Designs
1.0cm

Figure 503-a, diagrams A and B, dis-
play these respective designs. Column
Acde Sl
Apparaivs and Reagents B
Section 501 B provides general infor-
mation on apparatus and reagents —

required for GLC. Further materials Makoup ges

or specifications for this detector are

described below. A, pin-cup EC, ®*Ni plated on cell wall; B, *Ni platad
onto cylinder,

Radioactive Source: Special Require-  [Ruprinted wkh permission of John Wisy & Sone, inc., from

ments. The presence of radioactive mrsmul%.w:%'nmm

material in EC detectors brings them  gp, fgwe 5.2, p. 6881

under the authority of the Nuclear fol

Regulatory Commission (NRC). The following special procedures must be

lowed by a laboratory with an EC detector:

1) Labeling. According to NRC each chromatograph contain-
ing a ®Ni detector must have a signilmthe' , activity, and
date at which the activity was determined the “Caution: Ra-
dioactive Material.” The NRC will the manufacturer’s label on
the detector if it contains the necessary ion. If this information
is not present, stick-on labels must be applied to the gas chromatograph.
Appropriate labels have been provided to FDA laboratories by FDA’s

Trenemiial No. 54-1 (1/84)
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Winchester Engineering and Analytical Center (WEAC), Winchester, MA.
In addition, the Depaltmcnt of Health and Human Services (DHHS)
requires that a sign with the following notice be posted on each gas chro-

h: "Ihuwmmtoonmmamdxmvemuremmd with
the RSO (ie, the C Radiation Safety Officer) as required by license
from the NRC. Notify the RSO before removing the source from this
location or upon any change in custodial responsibility” {3].

2) Venting. In addition to the labeling requirement, DHHS also requires
that chro with ®Ni or other radioactive sources be vented
through plastic into a chemical hood or room exhaust [3].

S)WlpemAnyhbomxymtha"NiECdmwkreqnhtd.apﬂtof
the licensing procedure, to perform a wipe test of all accessible exterior
parts of the detector each January and July. WEAC supplies FDA labora-
torics with cotton-tipped swabs for perfo the wipe tests. Each detec-
tor is wiped with an alcoholmoistened ing moderate omgt’ure,
with particular emphasis on potential leak areas as the termi-
nus and joints. Each swab is remurmned to WEAC in a mailing wbe so that
radiation removed from the detector exterior can be measured. A Cenifi-
cate of Inspection for each detector is provided by WEAC and returned
with new swabs.

4) Cleaning. NRC licenses in cffect in FDA laboratorics use of
EC detectors containing %Ni but do not allow their dismantling and clean-
ing. All FDA ®Ni EC detectors are shipped to the WEAC facility for clean-

ing [4].

Laboratories outside FDA must cither make arrangements with a properly licensed
laborawryfordetecmrdmningsenﬁcuorobtaintheappmgrnwmcm
Laboratories that have an existing license for use of ™Ni EC detectors
may be able to obtain from NRC an amendment that permits cleaning. Proof that
the laboratory is capable of handling such materials safely is required before NRC
will grant such an amendment.

Carrier aadi Makeup Ges. EC detector manufacturers recommend the use of

argon/methane (95+5 or 90+10) for detector lincar range; however, ni-
u'ogcnlsmednmfacwﬁlymsom laboratories. An external switch oa the
chromatograph permits sclection of pulse width and cell current to accommodate
whichever gas is predominant upon reaching the detector. Only reliable, high
pmlygdradegasshouldbemed,mthoxygtnandmomuemponaﬂmgomg
to the detector.

Often, the carrier and flow rate chosen for column efficiency do not
result in the best operation. Most EC detectors are configured to allow
makeup gas to be added to the flow from the column so that detector operation
is enhanced. In the most common example, argon/methane is essential to opera-
tion and is added to helium column carrier gas to produce optimum EC detector
response and stability.

Detector Characteristics

The following basic characteristics of EC detectors must be understood for proper
application to pesticide residue determination:

Trenaminnl No. 94-1 [1/94)
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Sensitivity. Magniwde of response of a ®Ni EC detector t a particular compound
is dependent on the electron-capturing ability of the compound. Under condi-
tions described below, the minimum detectable amount of an

compound to which the detector will respond is typically in the 1-10 pg range.

roducibi of response at this low Figure 303
::ghsnotl]::ygoodasthatforhrger Reproducibility
amounts of the same und. A se-
ries of injections of 1-300,000 pg chior- 800 -

was made monthly over a 6-mon

iod [5]; variation in response factor
wrthatumenshwnmﬁglmsos-b qu
Standard deviations of response factors
for each weight indicate that response 200 - §
stability was considerably better at levels }
23 pg than at the 1 pg level, although

nse to 1 pg was ible over
the course of sy one dy. Although th 3
expenmentwasperfomedmthanm

§§§§§

5713A instrument, minimum or—r—TTTT T
expected to be equivalent with er”Ni 4012 3 45 8
constant current detectors. Log Chiorpyrifoe {pg) injected

Selectivity. EC detectors respond 10 Mesn and standard devietion of different

molecules containing an electrophoric  weights of chiorpyrifos injectad monthly

group’ g,g_,a]ngh]y momty‘hat {6 mon) into GLC with **N§ EC detactor.

& elsez::le ch:tfemht:lrm sulfur, phosphorus, and

themo es in ogen, nitro- and o~
ngoupu g] Because the response is not to a single clement nor is it

to the amount of an element in a molecule, satements on detector
selecumymnmferonlytoranguormrelmmpomwpuﬂaﬂaranﬂym

Relative to its response to hydrocarbons, an EC detector 100-1000 fold
gtumresponsemmono-anddnubsumtcdhalogeman?zpml times greater
to polysubstituted halogens [6]. However, other molecules that contain only
carbon, hydrogen, and oxygen may also be electrophoric, and EC detector
response is far less selective to halogen relative to these molecules; cxamples
include quinones, c]ydoomtztncene. 3,17diketosteroids, o-phthalates, and conju-
gated diketones [2].

The relative lack of selectivity of the EC detector provides a bonus of applicability
to a variety dm'q.fmmmmmgmdamm
halogen and also other residues containing sulfur, use of

mneomdetcrmmanomofeach.hckofn]ecnmynmomoﬁmadeﬂimemm
residue analysis, however; in practice, the EC detector’s value is dependent on
how free of interfering co-extractives the final extract is. Food co-extractives
or environmental contaminants with electrophoric characteristics compromise
the determination by causing responses that interfere with residues or that are

mistakenly interpreted as residucs.

Many examples of the interfering substances have been documented during long
use of EC detectors. In addition to examples noted in Section 501 C, artifacts from
plastics, rubber products, hand lotions, and cleaning solutions have been scen.

Trenamiasl No. 54-1 {1,/94)
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Certain fruits and vegetables also contain nonhalogenated substances that canse
EC response, and these are not always removed by Florisil column cleanup (Sec-
tion 303 C1, C2). Some of the sample types known to contain artifacts that cause
an EC response include cabbage, radnbu.andletuwe(ﬁ%i‘lmﬂlehnu).

{15% Florisil cluate), and onions (both 6 and 15% eluates). Recommendations for
mﬁagb;n:wﬁmmmmdudedmmemmmndedopaaungmoedm
for E

Fgure 503¢
Linearity. The mode of operation of Dynemic Responee Ranges

the ®Ni constant current detector pro-

duces a _dynamic response range of 600
gmterthanﬁveoudmofmagmmde P S —
Experiments in which an antomatic data 200 - Qe ChiOrprS

systemn was interfaced with the detector

[5] showed that detector response to

increasing tities of injected mate-

rial was increasing when the data

system became saturated. In order to 00+

plot the dynamic response over such a

large range, the response (units in which 800 -

response is measured/pg injected) is

wa}ogmmijhnmdy' 100 7T 1T
responsenngewouldpmduoea 4 0 12 3 4 5 8

straight line parallel to the x-axis in such Log pg Injected

a plot. Plots of typical dynamic response

ranges of the HP ®Ni detector to three
pesticides are shown in Figure 503-c. Response rengs of **Ni EC detactor to three

Instead of straight horizontal lines, the
indicate a variation in response factor with amount of pesticide injected.
These plots show that the detector is not linear over its entire dynamic response
range. Within smaller segments of this range, however, the detector displays ac-
ceptable lincar response.

Linesr Responee Renge The range which i
e over respanse is con-
500 - Mmdknurn&:&endmtondndeﬁ-
niuomoflmeaﬂty osen. For example,
503d the linear range is con-
4o o mntmthmtlﬂ% detector respoose is
o linear from approximately 30-500 pg
MW= ——Og——————— chlorpyrifos. this same definition,
detector responsc can also be considered
linear over other scgments of the dynamic
%50 range. A change in definition (ie, dif
ferent % variation permitted) would
o change the ranges for which detector re-

o sponse is considered linear.

L g ¥ ¥ 1
0 1 2 3 4 8  The rule that detector
Log Chiorpyrifos {py) injected to and reference standard

Response renge of *Ni EC datactor is ineer z detector.
(10%) to smeunts of chiorpyrfos injecteg " 0°" Uting the EC

overa fimited portion of the dynemic responee

ranga.

400 ~

Response Factor
8
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Other Influences on Detector Performance

The following parameters were studied for HP *Ni constant current detectors [5]

and, in a more limited study, for a Tracor

Detector Temperature. Experiments with
the HP *Ni constant current detector [5]
documented its i for
docamenied in dymamic -sponse range
tures; Figure 503-e displays results for
chlorpyrifos. Detector temperature caused

only slight changes in response to any

ticular amount of pesticide and czmedlm\-
consistent change over the whole dynamic

range. Thus, thcrennoreasontochoosc
detector temperature on the basis of en-
hanced response.

Manufacturers provide recommendations

for operating tem£enmreu of detectors.
Varian recommends operating the detec-
tor at 30° above column , HP
recommends 250-300° C, Tracor rec
ommends operation at 350° C. Detector
contamination by materials eluting from the
GLC column can be minimized with use of

Ni constant current detector [7].

503-e

Figare
Effect of Detector Temperature
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higher detector temperatures, but the ®Ni radioactive foil must not be operated

at >400° C.

Flow Rates. Columnﬂowmten
permit reasonable

chosen to optimize column efficiency and

time. The cffect of flow rate on detector operation

must also be considered, however, because response of the concentration-sensitive
EC detector decreases with increased flow rate.

Figure 5034
Effect of Carrier Ges Flow Rate
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Plots in Figure 503-f illustrate the effect of
flow rate on response for the HP
detector; a similar plot was obtained with
the Tracor detector. In each case, the
optimum flow rate is that which

ides for response ity, Le., flow at
which a amall change in rate does not
cause a large change in response.

HP and Varian recommend a minimum
flow rate of 30 mL/min through their
detectors, and Tremetrics recommends
mwm s to bring the
use

wu!ﬂwmrnghﬂwdemmnymw
mL/min. Makeup gas is n

for capillary columns (Section 502 C) and
mybeenherthenmeastbeanlerga
or different. For example, when hydrogen

Trermmital No. 94-1 (1/84)
Form FOA 2805a [6/792)
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or helium carrier gas is used to obtain maximum resolution and efficiency on the
column, makeup gas of argon/methane or nitrogen must be used for proper
detector operation.

Recommended Operating Procedures

The following steps should be taken for a new detector and after each time a clean
detector is installed. (See above for special requirements for radioactive sources.)

o 5Ni constant current detectors are delivered already installed in
the chromatograph. To re-install after ing, follow manufacturer’s
directions for setting up the insrument and conditioning the column {6,
8, 9]. Ensure that all heaters, temperature sensors, and ical connec-
tors are properly positioned. Never connect a column to a cool detector.

® Heat detector until it reaches the maximum operating temperature
recommended by the manufacturer, then attach column and equilibrate

overnight at operating temperature and flow rate.
¢ Determine the instrument attenuation required to cause 40-80% FSD in
response to 1.5 ng chlorpyrifos.

* Determine detector dynamic response range to chlorpyrifos and other

standards of interest otting response factor (response/unit weight) w
wcxghtmjeaedonabyseplinﬂmthmuscale.mnotopmwmmt

outside the dynamic response range.
Earlier Tracor models allow for determining the pulse frequency and
saturation current. To operate these models, refer to the in the

manufacturer’s operation manual. Newer modeb have these parameters preset, so
adjustments are not necessary or possible.

To minimize interferences that can occur during determination with EC detectors,
follow these rules:

® Exercise extreme cantion to avoid introduction of contaminanis from

reagenu. tus, and environmental sources; routine inclusion of
in laboratory quality assurance procedures will monitor
mcceasotthuepmcauuons.

+ Employ suitable cleanup procedures for extracts that will be examined by
EC detectors. Elution through Florisil is usually required before EC deter-
mination, though even this is not a guarantee that artifacts from foods
will not cause response.

* Always confirm the identity of residues that have been tentatively identi-
fied by EC GLC; confirmation may include GLC with elementselective
detectors or other techniques (Section 103).
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503 C: ALAME PHOTOMETRIC DETECTOR

The flame photometric detector (FPD) is the detector of choice for determination
of organophosphorus residues and the only practical detector for organosulfur
compounds. In its phosphorus-selective mode (FPD-P), the detector is one of the
most elementselective GLC detectors available, although large amounts of sulfur
will cause a response. 'I'hesulfunelccuvemode(l"PD-S)oﬂ'aslmsclecﬁvity(pha-
phorus can interfere) and is linear only on a semilogarithmic scale, but it

useful confirmation for sulfur compounds tentatively identified by EC determina-
tion. Neither nitrogen nor chlorine cause any practical interference in cither
mode. In addition, the ratio of FPD-P and FPD-S responses can be used to calcu-
late an analyte’s P:S ratio for confirmatory purposes.

Methods designed for use with FPD determination sometimes include only mini-
mal cleanup. However, column contamination can be caused by repeated injec-
tions of extracts from such methods, and the cautions outlined in Section 501 C
must be observed.

The majority of FPD detectors in use in FDA laboratories were produced by three
manufacturers: HP, Tremetrics (formerly Tracor), and Varian Associates. Discus-
sion of detector characteristics in this section is Iimited to these models.

Principles

GLC column effluent is burned in a fiame fed by a mixture of hydrogen and air.
Characteristic optical emissions are produced when compounds containing phos-
phorus or sulfur are decomposed in the flame, and these emissions are viewed
a oonvennona} photomultiplier tube a parrow bandpass (interference

ll):m wavelength. Choice of filter determines whether emissions
pmdncedbyp osphorus or sulfur reach the photomultiplier tube. A filter with
maximum transmittance at 526 nm, corresponding to the emission of
HPO, permits detection of phosphorus compounds, while one with um
uanmmnceatwnm.theemmonmdmhd detects sulfur compounds.
A single optical filter and gimtomnlupher used, or two filters and
plmtomnlupher tubes can be assembled to pemnt response to both phosphorus
and sulfur simultancously.

gas.
f;: effluent and h
emcrgefromthcjctoratﬂle
same time they emerge. The
emission from the resulting
flame is measured by a photo-
multiplier tube after passing
through the proper filter.

Trenumittal No. 84-1 (1/94)
Form FOA 2505« (6/82]
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sample
the of light emission”
f10]. decomposition

occurs in the presence of air
and hydrogen in the first
combustion. Above that area,
additional air is added to the
combusted mixture; this
supports a second flame,
whose optical emission is
filtered and measured as
detector response.

Apparatus and Reagents

Section 501 B provides gen-
for GLC. Ni helim:l.‘:f- Ieut999;8n%
tus and ] i i or at A ity,
G a0 rengentsroqired for GLC Nivogen o belium, of ot et 5.998% puriy
air are used as reactant gases in the detector flame. Manufacturers’ recommenda-
tions for hydrogen purity vary from 99.99599.998%. Air purity should be zero
grade (maximum total hydrocarbon <2 ppm) or CGA Grade E [10-12].

Detector Characteristics

Sensitivily. The minimum amount of detectable by the FPDP is
about 0.01 ng; for the FPD-S, about 0.04 ng sulfur. Detector scnsitivity is greatly
dependent on the condition of the photomultiplier tubes. Response varies among
tubes, and the use of a variable voltage output with the power supply (or a variable
voltage mprly)makupredscminmentofspedﬁcmﬁviﬁaulierto
accomplish. Light leaking into a photomultiplier tube will increase the noise level
and decreasc the detector’s effective sensittvity by making it less able to detect
small amounts of analyte.

Response of the FPD-S (394 nm filter) to sulfur is proportional to the square of
the concentration of sulfur. When the 526 nm filter is used (FPD-P mode}, re-
sponsc to sulfar is also proportional to the square of the concentration. This
relationship affects both selectivity ratios and linearity of the detector in both the
P and S modes.

Selectivity. The response of the FPD-P detector is about 10° times greater to
orus than to carbon. The selectivity of phosphorus to sulfur in the FPD-P
gnhoot;ghvuiee with the amount of sulfur present because of the square root
relationship of response to sulfur concentration. For the Varian detector, P:S
selectivity varies from >10* for very low concentrations of suifur to about 50 for
very high concentrations. Prelimi experience with the Varian detector indlicates
that it has a greater P:S selectivity the other models. It is asumed that this
increased selectivity is due to the stacked flame arrangement of this detector.

503-10
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Selectivity of the FPD-S also varies with concentration of sulfur because of the
square root relationship. The sulfur-to-carbon ratio varies from >10° at high sulfur
concentration to 10* at low concentration. The S:P selectivity varies from >10* at
high sulfur concentrations to 10 at low concentrations [10].

&Wﬁ&eﬂ%%ﬁ&eﬁq&&e%ﬁdﬂﬂmmmm
wavelengths associated wi orus. i , FPD-S detector
to a mixture of pesticides wascomparedwmingum'aldiﬂ‘thnm ters.
When conditions for each system were set to cause equal to propargite
(sulfur only), all filters permitted FPD-S response to b 08, i
acephate, and omethoate (both phosphorus and sulfur), and most permitied
to monocrotophos (phosphorus only). Only one filter of those tested did
not permit FPD-S response to monocrotophos; ie, the particular filter was far
more selective to sulfur than the others. Farther examination of the spectrum of
light passed by the different 394 nm filters showed a distinct difference in the
amount of absorbance at 526 nm; as the filters that permitted FPD-S
detection of monocrotophos passed much more 526 nm light than did the filter
that did not detect it [13].

Linearity. of the FPD-P (526 nm filter) to phosphorus is linear over
about four orders of magnitude. P

Becanse of the square root relationship, response of the FPD-S to sulfur can be
plonedasaoﬂaig::ﬁneonlyifsemﬂog is used. Most newer instruments
provide a switch automatically converts the detector output signal to its square
root for an apparently linear response. However, quantitation using this converted
signal is accurate only if the signal is carefully “zeroed,” and the detector response
hlmm‘ﬁwa:hkmning.mnyhhmwnmagchmumi&m&m
verted signal and plot response vs weight inj on paper. titation
usingtheFPD-Si?alwayslesreliableﬂnnwithod:erdetcaom

Other Influences on Detector Performance

Detector Temperature. Each of the three manufacturers recommends a mini-
mum detector operating temperature of 120° C. Recommended maxima range
from 250° C (Tremetrics) to 350° C (Varian), with HP intermediate at 300° C.

Physical detcrioration of parts of the detector can occur or be accelerated at
higher temperatures. Both O rings and the casing for the photomultiplier tube
have been seen to deteriorate at high temperatures. During routine operation, O
rings should be changed periodically (about every 6-12 mon); all O rings in a
particular detector should be changed at the same time. All manufacturers warmn
against continued operation at maximum . Normal detector operat-
ing temperature should be about 20° C above that of the column, usually <250°
C.

Gas Flow Rate. Optimum gas flow rate varies among detectors, and directions
provided by the manufacturer of the specific detector should be followed. Addi-
tional experimentation may be required to optimize flow rates for any particular
detector.

Detector Voltage. Satisfacto: ion of the FPD requires use of a highly
stabilized voltage power mpgym g on the manufacturer, voltage may
range from V and may be obtained from cither a variable or set voltage

Trenemittsl No. 84-1 (1/54)
Form FOA 290G [6,/82)
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source, Detectonaremuallysh:ppedmthﬂneremmendedvohageptelet
w*ziyfactory Manufacturers’ operations manuals give specific instructions for

varying voltage when this is an option.

Sensitivity of the detector can be increased by increasing the voltage, but an upper

limit is imposed by the simultaneously increasing noise. Optimum voltage
dewmncdbymmpmngdemao:dlzspommanamountdoompmmdame
voltage is varied.

Adequate Chromatography. Nonlinear response of FPD-P w analogs
of organo hosphorus icides (P=0O compounds) is often noted. the
detector ( %mﬁlmrgmhnearmramdcmgeforl‘é (ie., most
parcnt organ osphoruspuuades),thedﬁamyu to be cansed by
degradation of P=O compounds. Once attributed to a defect in detecror design,
thnpmblemnsnawcomidemdmbemuedhypoorchmmtognphyofthue
polar compounds, and thus a column g blem. Use of wide bore capillary col-
umns (Section 502 C) minimizes the

Recommended Operating Procedures

FPD-P. The following steps should be taken for detector operation:

¢ Install detector if necessary, according to instructions Pronded in
manufacturer’s manual {10-12]. FPD usually comes installed in chromato-

graph.

* Set detector temperature as recommended by manufacturer, at least
20° C above column temperature.

¢ Establish flow ratc of column carrier gas as suitable for proper colnmn
operation (Section 502). Set flows of hydrogen and air as recommended
by detector manufacturer or as determined from experimentation to pro-
vide optimum operation. Connect column to detector.

o If voltage is set by user, follow manufacturer’s directions.

¢ Ignite flame after all instrument temperatures are equilibrated and with
carrier gas flowing into detector.

¢ Tum on air.

® Depress ignitor and hold.

¢ Slowly um on hydrogen.

* Release ignitor after hpdrogen has been tumed on.Shght
increase in signal should occur when flame is ignited. /
forhghwdthmebyho mirror or other atcxhanstend
of detector. Presence of moisture indicates flame is present.

e If flame docs not light, turn off hydrogen and repeat previous steps.
Increasing air flow and/or decreasing carrier flow may help in igniting
flame.

503-12
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Turn on auxiliary gas if needed.

Determine detector response by injecting 1.5 ng chlorpyrifos.

clecuometersenﬁtivitysothatl;y.snggimabo:thO%FSD( is
satisfactory). Adjust voltage to change , if variable power supply
is available. At given voltage, changes in rates may improve sensitiv-

Follow procedures above for FPD-P, but use 394 nm filter.

If more than onc 394 nm filter is available, test to determine which is
most selective to sulfur over phosphorus injecting mixture of
methamidophos, chlorpyrifos, acephate, of (each containing
§ and P), and monocrotophos (P only). A filter that does not permit
response to monocrotophos, or that permits least response to it, is the
best choice for sulfur selectivity.

For greatest sensitivity, do not use electrometer square root function;
instead, plot response ws amount injected on semilog paper and quan-
titate from that calibration. FPD-S is sufficiently insensitive mdmnshmld
be set up to provide the greatest sensitivity possible while still maintain-
ing reasonable baseline noise; this will vary from instrument to instro-
ment.

Troubleshooting

Consult the manufacturer’s

and service manual for recommendations

specific to detector model being used. Note the following additional suggestions:

Symptom

Possible Solution

Noisy and/or Instail flow controllers to prevent flow fluctuation;
ering baseline  normal baseline is very straight with <1% noise in

P mode and <2% in S mode.

Check by shining ight on detector. Recorder
will show response if leak exists. Replace O rings.
If this does not work, seal light lcaks with black tape
or other material. Ph iplier tibe should never
be exposed to light when connected to power supply
or it will burn out.

Clean detector.
Low sensitivity Check for photomultiplier tube light leaks as above.
Pcak broadening or  Improve chromatography by changing to capillary
tailing, poor response oohnmnorotheroohxmnztedtochemisuyof
reproducibility analyte.
Rejuvenate capillary column.
Fores FOA 008 /0 503-13
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503 D: ELECTROLYTIC CONDUCTMITY DETECTOR

The electrolytic conductivity detector (EICD) is of ing in modes
selective to halogen, nitrogen, or sulfur. EICDs can be selective
detection of nitrosamines or esters or for the nonspecific detection of carbon-
containing compounds.

For pesticide residuc determination, the EICD is most often used in the

mode (EICD-X), where it exhibits much greater selectivity to halogen than

the EC detector and yet responds to <1 ng of most organohalogen pesticide resi-
dues in foods. Although FEICD in the nitrogen mode (EICD-N) has been shown
suitably sensitive for use in residue determination, it is used routinely for that
purpose in only a few laboratories, because adequate operation is more difficult
to establish and maintain. In addition, problems associated with interferences
from nitrogen-containing commodity co-extractives (Section 503 A) apply to EICD-

N
Only EICDs in the halogen and nitrogen modes are discussed in detail in this
section.
Presently, two manufacturers market EICDs, Tremetrics and Ol Colicge

Station, TX. The Tremetrics “Hall 1000" and "Hall 2000 replaced original
“Hall 700A,” which was marketed by Tracor Inc. (now Tremetrics); the latter

model is no longer co: ially available but continues to be used in many
residue laboratories. OI markets the “44207 and a newer “5200." FDA

is limited to the Hall 700A, Hall 1000, and Ol 4420, so only these will be
discussed in this chapter.

Principles

GLC column effluent is pyrolyzed in a nickel reaction tube at >800° C in the
presence of hydrogen reactant Heat causes most of the compounds in the
reaction tube to be pyrolyzed to their elemental form, but the presence of reactant
gas results in other chemical reactions. Products formed during reaction of the
mﬂymmeitherremmdhym:aubbuspﬁwmmwﬁngam
tivity cell or are swept into the ivity cell via carrier gas where they are
dissolved in a circulating conductivity solvent (electrolyte).

In the conductivity cell, elecirolyte conductivity is constantly monitored for changes
caused by dissolution of the reaction products. Change in conductivity is con-
verted to a voltage signal that produces an clectrical peak at the detector output.
EICD hardware is configured into various operating modes by appropriate selec-
tion of reactant gas, clectrolyte, ion exchange resin, and chemical scrubbers used
to remove interferences. Detector sensitivity is affected by reaction conditions as
well as by electrolyte flow rate and reactant gas flow rate.

Design
Figure 5034 di a block diagram of a GLC system with EICD; is
generalized to di _thebaﬁcsptemamngemtthnappﬁusomo(

EICD; some design mcueﬁnbemenmodehflﬂlumjduphysam
plified diagram of the EICD reactor and conductivity cell.

503-14 Form FOA 560Se (6/96)
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Figure 5034
EICD Reactor and Conductivity Cell
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Each model EICD includes four major units:

1) Reactor unit, induding reactant gas inlet, nickel reaction mbe, and
solvent vent to prevent mjection solvent from entering the reaction mbe.

2) Electrolyte unit, including solvent reservoir, ion exchange tube, and sol-
vent pump. The Ol uses resin in two stages, a “roughing™ resin
within the electrolyte reservoir and a “finishing” resin through which the
clectrolyte passes before entering the conductivity cell.

3) Conductivity cell.

4) Signal processing unit, which converts conductivity cell signal for display
and provides power for other detector components.

The Hall 700A differs from other EICDs in that it has a reference cell measuring the
conductivity of the clectrolyte without any dissolved reaction products; clectrolyte
conductivity is subtracted from that of the analytical cell, so that X

is removed from the final measurement. The Hall 1000 and OI 4420
measure absolute conductivity with no subtraction of signal related to electrolyte
conductivity.

ELCD-X

Principles

EICD responsc in the halogen mode results from formation of HF, HQ, HBr, or
HI by catalytic reduction of analytes containing fluorine, chlorine, bromine, or
iodine, respectively. The heated nickel reaction tube provides aﬂthen:ﬂuhm' ients
for reaction: a chamber for mixing analyte and hydrogen gas, heat, and the nickel
surface for catalysis.

Carrier gas transports the acid formed in the reaction tube into a conductivity cell.
The acid dissolves in deionized n-propanol electrolyte, increasing electrolyte con-
ductivity and producing a measurable response (peak) at the detector output.

To prevent neutralization of the acid formed in the reaction tube, pH of the n-
ol electrolyte must also be slightly acidic. Electrolyte acidity is maintained
g;dmzlaﬁonthlwghionexchangemsin.

Apparstos snd Reagents

Section 501 B provides general information on apparatus and reagents required
for GLC. Consult appropriate instrument manuals for purchasing information and
proper procedure for replacing the following reaction mbes, resins, scrubbers, and
electrolyte:

additional nickel reaction tubes. Tubes are purchased from the instrument
manufacturer or from other suppliers of nickel tbing. Use of tubing not
an orpolwtohe i [14]; laboratory prepared tubing has not been
successfully in the OI 4420 models.

503-16
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gases, helium, ultra high , 99.999%, used as column carrier gas; hydro-
gen, ultra high purity, t‘YXJmeclasrl::acmntgas s

gas filters, capable of removing oxygen and water from carrier gas

n-propanol, distilled from all-giass apparatus, for electrolyte

resin materials, to replace resin tube when selectivity deteriorates. Some
extra resin material should be provided with the detector and more can be
ordered from the manufacturer, or a system that replaces the whole unit
can be purchased to avoid the inconvenience of replacing the resin [15-17).
Consult appropriate detector manual for instructions on replacing resin.
(Resin and electrolyte are sold as a unit by Tremetrics, Inc., becanse the
resin bed is contained within the conductivity reservoir.)

Resins are subject to deterioration and are dated; they may be unsuitable
for use after storage, even if refrigerated as directed.

Detector Characteristics

. An FDA interlaboratory trial involving cight Hall 700A EICDs in the
halogen mode, each operated at the same basic parameters, showed that each
detector was different in terms of the minimum amount of halogenated material
to which it would respond {18]. In this study, the most responsive detector was
10-25 times more sensitive than the least responsive detector to the same amount
of the same co . However, each properly functioning detector was capable
of detecting 0. lindanemthepresenceofsamplecxﬂm‘lbemm'esen-
sitive detectors rcadﬂymasnreﬂﬂlxlindane.hlowmpnblcmﬂyhn
been performed with the other model El

The following parameters affect EICD sensitivity:

1) Reactant gas purity. Impurities in the reactant gas can undergo chemical
reaction in the reaction tube, and resulting products may be soluble in
the electrolyte. If this occurs, conductivity may bemmdnﬁumﬂy
toobscmemeasurementofsmallamounaoiamlyte(u.thengml-
to-noise ratio will be reduced). Adherence to manufacturers’
recommendations is critical. Gases meeting manufacturers’ specifications
occasionally contain traces of hydrochloric acid that can destroy the
detectors; use of appropriate gas filters is required even on high purity
gases.

2) Reactant gas flow rate. EICD-X response was shown to increase with
mmngmaAmcsasﬂowm.u p to about 60 mL/min, in a study of
the Hall (19]. Above that flow rate, response remained
essentially constant up to 100 mL/min. Manufacturers reactant
gas flow rate of 50-75 mL/min for the Hall 700A [15], 25 mL/min for
the Hall 1000 [16), and 100 £ 10 mL/min for the Ol 4420 [17). FDA
laboratories routinely use 60-80 ml./min for the Hall 700A and the Hall
1000 and 100 mL/min for the Ol 4420.
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3) Reaction tube condition. The nickel reaction tube catalyzes the reaction
andmmtbeﬁ'eeofcommminaﬁon.Aﬂer'; of use, nickel tubes
become contaminated because of fouling rucuan
prodmu.sepmmorcohmnbleed.orothermu;mmk
thupomtchanmmumﬂyshowaﬂwmmmbaeﬁneaﬁﬂmung,

mlm%.t d loss of response. Once contaminated to this degree, the
tube must be replaced, because no successful reconditioning process has
been developed.

4) Reaction temperature. In a study using the Hall 700A in the halogen
mode,rucnontunpenmrewasnotfomdwaﬂ‘ectdemmﬂvhy
igni tly. No significant differences in detector
when chlorinated compounds were inj attemperann'ecommlpo-
tentiometer settings of 850, 730, and C [19]. However, a minimum
potenmmeterlemngofgw“C:srecommcndedforElGD-X,bewneu

that potentiometer setting is not an accurate reflection of
theacunltcmpemnn'ecfthcreacnonmbeandbemeuumblc
to assume that more efficient reduction of halogen occurs at higher

temperatures. Reaction tubes whose operation i co ised by other
problems (eg., contamination from samples, column or

ity nickel tube) may show fluctuations in sensitivity with i
temperature.

Reaction furnaces (“reactors”™) of Ol 4420 detectors have been to

repeated burmout, requiring replacement. The manufactarer
smaller, cartridge-style heating r‘zcmentasarcamrrephccmentman
mgndetothcdetectorthnmodeluahoupecwdmhmalimimd

butmﬂbemerandleuexpenuvemrephoeﬂnntheongmﬂ

5) Electrolyte flow rate. Electrolyte flow rate tdy affects detector
byaﬁemngmelmgmofmethmmmdlm
spendmtheoonducuvntyceﬂ.Astheelecu'olyteﬂmvdecreasa.mq)ome
increases. Below a certain flow rate, however, baseline noise increases and
further decrease in flow rate results in no additional improvement in the

Respective manufacturers recommend 0.5 mL/min electrolyse flow rate
for the Hall 700A, 0.6 mL/min for the Hall 1000, and 0.02-0.05 mL/min
for the OI 4420. FDA laboratories usually use 0.35 £ 10% mlL/min flow for
the Hall 700A and the Hall 1000 and 0.035-0.050 mL/min for the OI 4420.

Selectivity. TheEICDismadeselecuvewlnlogembymghydmgmmntp
and p-propanol electrolyte. }D(,fmmedtzlmolymofhﬂogenawd

the presence of hydrogen, is readily mn—propanol.Odlcroompounds
formed in the reactor, such as HyS and NH,, do not usually cause detector re-
spomebeametheyarenotwnuedinn—pmpanolandthemfommnotchange
solvent conductivity. No scrubber is needed to remove interfering reaction prod-
ucts from the gas flow in the halogen mode. Large quantitics of nitrogen and
possibly carbon dioxide may cause a response, however.

(Anopnonalomdanvemodeopemﬂonforhalogenselccumy,nﬁngoxygenas
reactant gas, is far less selective, produces greater noise, and requires use of scrub-
bers capable of removing SO,/SO, from the reaction products. This operation has

503-18
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never been implemented for residue determination because it is far Jess preferable
than the reductive mode.)

Becausc detector selectivity to halogen is dependent on reaction conditions and
on solubility of reaction products in the electrolyte, all the following factors affect
selectivity:

1) Gas purity. Impurities in column carrier gas and/or hydrogen reactant
gmt:nmmducenlyot:lcrchemncalspcauthnmaymmferemthhalo
gen detection; o) trapure gases are acceptable. Gases must be free
of any level of halogenated compounds.

2) Reaction tube condition. The nickel reaction tubes that contain and
catalyze the reaction are known to vary from one another in their ability
to convert halogen to HX. A tbe that initially produces an acceptable
response may deteriorate over a period of use because of contamination.
As previously discussed, the tube must be replaced when this occurs.

3) Reaction temperature. Reaction temperature affect selectivity by
mﬂucnungthedegreetowhlchmducuonoflﬂogmm}lxm
Reaction temperature setting of 900° C is recommended to achieve
cfficient reduction.

4) lon exchange resin. The ion exchange resin affects selectivity by control-
ling pH of the electrolyte and by continuocusly jonized reac-
tion products from the electrolyte. Therwnmedmogmmode
maintains the n-propanol electrolyte at a slightly acidic pH. Presence of
the ionized HX then produces a measurable change in solvent conduc-
m%mmem&mwmmlpﬂdmeemmwm
certain species other than HX are also able to ionize, and
selectivity deteriorates. Failure to maintain slightly acidic electrolyte
results in negative or “V"shaped peaks. Replacement of the resin with
fresh material re-establishes the necessary selectivity.

For unknown reasons, addition of n-propanol to the reservoir of the Ol 4420, to
replace evaporated solvent, can cause scvere damage to the resin. When this
occurs, resin and electrolyte must be replaced {20].

Linearity. Linear dynamic cftheHaﬂ?OﬂAE!ﬂ)-Xwnamﬂnhem
and with the r [19]. Moreover, the typical degree of
eamyandlengthofhnarungemnotmﬁuendyreliabktochmmﬂw
need for matching peak heights of residue and standard when quantitating. Each
system should be tested to measure its linear range. For accurate quantitation of
residues, peak sizes must be within 25% of one another.

Other Influences on Detector Performance

Solvent Venting. EICD reactor units include a vent line positioned just before the
heated reaction tube. The relatively large volume of injection solvent, cluting
thmughthecohlmnpawrtotheamlyws,udneueddxmughthispontopzmm
its entry into the reaction tube. Venting prevents combustion of

solvent in the reaction wbe and thus protects the tube from carbon deposition
that decreases catalytic performance, nickel tube lifetime, and detector response.

Trenarvittal No. 54-1 {1./94)
Foren FDA 28905a (B/92)
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Contamination of the reaction tube and wansfer line is most severe when acetone
is used and then not completely vented.

Efficiency of venting is affected by several factors, i ing reactant gas flow rate,
combustion tube diameter, and the percentage of flow is vented. Both in-
creased flow of reactant gas and decreased combustion tube id improve vent

efficiency by increasing back pressure.

The percentage of total effluent that is vented is critical. While efficient

of most solvent is necessary, not all solvent can be vented, because lack of positive
pressure permits electrolyte to flow from the reservoir and enter the nickel reac-
tion tube, contaminating it. Vent rate is preset by the manufacturer, but the Ol
4420 includes a vent system with a pressure-regulated “T" that permits the user to
adjust the vent rate by mrning a threaded rod. Manufacturer directions specify
adjusting the rate so that about 5060 mL/min total gas flow exits the vent; fire-
quent monitoring of the flow is necessary, becanse the vent split ratio fluctuates.

Many of the recurring problems with the OI 4420 detector were traced to the vent
system. It is now recommended that the original vent flow valve be replaced with
a constant flow port, which is capable of maintaining a constant vent flow while
the vent is open; the detector upgrade offered by the manufacturer includes this
replacement. Even this change, however, does not vent most of the solvent, and
its combustion in the reaction tube may cause subsequent problems [20].

Position of Column. Results observed during evaluation of a capillary
cohumnn with O! 4420 EICD-X indicate that the most critical element for succesful
operation is proper positioning of the column outlet in the reactor [21, 22]). When
the capillary column is installed as directed in the detector manual (i.e., column
outlet placed about 0.5" into the nickel reaction tube) a noisy bascline with
frequent “spiking” is observed.

These suudies demonstrate that positioning the column outiet between the solvent
vent and the reactant gas inlet produces optimal results. In this position, the
column is cutside the nickel tube and away from the extremely high temperatures
of the reactor. This positioning also ensures efficient venting, because the reactant
gas takes the path of least resistance and flushes the injection solvent through
the vent rather than through the small id transfer line to the combustion tube;
the possibility of tube contamination is thus reduced. A steady bascline is main-
tained when the column is installed between the vent and the reactant gas inlet.
This same positioning is also optimal when wide bore capillary columns are used.
A redesigned base for mounting the detector on the chromatograph may mini-
mize the importance of user attention to positioning the column. Operation of
EICDs with packed columns is not as sensitive to position.

Transfer Line Clesnliness. More often than not, broad, tailing peaks are caused
by a dirty transfer line between the reactor and the ity cell. Contami-
nants (ie, unreacted hydrocarbons) can deposit in the transfer line and produce
adm(&wﬁw)dm%nhﬂrxﬂoﬁcmo&amaﬁdlpuw
the uansfer line, they may be adsorbed; this phenomenon canses tailing or, in
severe cases, total loss of detector response. Transfer lines can be rinsed with the
injection solvent being used {23]; the case with which this can be performed varies
with the detector model.
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Recommended Operating Procedures

Except for positioning the column in the reactor (above), follow directions
from the appropriate detector manual to set up and operate the GLC system with
EICD. The following additional recommendations arc based on experiences in
FDA laboratories:

. Re::ﬁonmbetemp%rggre:&tpotenﬁometﬂmatmnmkrucdm
tube temperature to C 10 ensure that temperature is high enough
to completely reduce analytes. To protect reaction tube from possible
deactivation by column bleed, do not allow reactor temperature to drop
below that of column.

¢ Reactant gas flow: Maintain hydrogen flow of about 60-100 mL/min
through reaction tube to ensure compiete reduction of sample. Measure
flow rate using bubble meter and stopwatch, cither at point where gases
enter conductivity cell (with column carrier gas mumed off) or at reumn
line to solvent reservoir (with both column carrier gas and solvent pump
tumed off). Column should be reduced to room tempera-
ture if carrier gas is off for any length of time.

» Solvent flow rate: For optimum performance, elecao-
Iyte through conductivity cell at 0.35 + 10% 'min for 700A and
Hall 1000 and 0.035-0.050 mL/min for Ol 4420 EICD-Xs. Measure
flow rate by placing line that usually carries solvent to reservoir into a
graduated qﬂnder and measuring accumulation over known time.

System Suitability Test

Monitor detector selectivity by regularly inj of mixed standard solu-
tion containing the following: lOﬂngdiii'owm, 100 ng ethion, 1 ng
chlorpyrifos, 100 ngemcthyl palmitate, 100 ng caffeine, and 2 pg octadecane.
Properly operating detector will respond only to chlorpyrifos and possibly to caf
feine. If response to caffeine is seen, calculate selectivity ratio as:

detector response to chlorpyrifos x 100
detector response to caffeine

If selectivity ratio for chlorpyrifos:caffeine is <500:1 or if any response to other
compounds is seen, improve sclectivity by following the suggestions for trouble-
shooting, below.

Routinely monitor detector response to halogen by injecting sokations containing
at least lindane, chlorpyrifos, and p,pDDT. I response decreases, follow direc-
tiominlmubleahooﬁngnecﬁonwc&m' e cause. While monitoring halogen
response, also note peak shapes on chromatograms. Deteriorating shape (ie,
increased tailing) of all may be caused by various factors covered in trouble-
shooting section. own of p,pDDT (evidenced by smaller peak plus appear-
ance of another peak at retention time of p,p~“TDE) has been found to be caused
by prior injection of extracts by the method of Section 302. This condi-
tion disappears over time if no er extracts from that method are injected.

Tranemisal No. 84-1 {1/84}
Form FDA 2906a [6/92]
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Troubleshooting
Each detector manual [15-17] contains a section on troubleshooting that should
be consulted when problems occur. Another reference [24] also contains excel-
lent information on operation of the EICD and (Botcn problem arcas. Beyond
the advice offered in those references, these additional suggestions for optimum
detector performance are offered:
Symptom Possible Solution
Selectivity of chlorpyrifos: lace resin in cartridge and npropanol
mffemeuéﬂo-l El?;:u'olyte
nickel reaction tube. Several different
tubes may have to be tried, because each converts
halogen to HX to different extent.
Elevate reaction tube temperature to determine
whether sample is being completely reacted.
Replace column if liquid phase contins halogen
or nitrogen.
Loss of detector sensitivity Verify purity of gases; use only ultra high purity
gases.
Remove transfer line and rinse with injection
solvent or replace transfer line.
Replace column if liquid phase contains halogen
or nitrogen.
Breakdownofp.p Remove first 1-2” of from GLC column
to p,p-TDE and replace with conditioned ie,
clean front end of column (Section ).
Broad, tailing peaks Replace or clean transfer line.

Slow retarn to baseline
after venting

Breakdown of analytes
{but normal return
baseline after venting,
normal peak shape)

Clean front end of column.
Replace nickel reaction tube.

Replace column if liquid phase contains halogen
or nitrogen.

Replace nickel reaction tube.

Clean front end of column.

503-22
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Principles

EICD response in the nitrogen mode results when organic nitrogen is pyrolyzed
toammonnmthhydrogenmntgasathightﬂemnn.mwmlﬁn
sulfur

from pyrolytic reduction of compounds in the
reactor, are selectively removed by quartz thmadscoawdmthpomumhydlw
ide. Camcrgasmspomﬂneammomaimotbcconducﬂvitycell, ere it dis-
solves in an aqucous electrolyte to form ammonium hydroxide:

NH, + H,0 —> NH,! + OH"

As a weak base, ammonium hydroxide ionizes in the
andbecomaamndtwungspeuu.?hechmgeinelcwolyteconducﬁvityumed

Apparstus and Reagents

Section 501 B provides general information on apparatus and reagents required
for GLC. The section above on FICD-X provides additional information about
replacement nickel reaction tubes, gas purity, and gas filters. Consult

appropriate
instrument manuals for purchasing information and proper procedure for replac-
ing the following reaction tubes, resins, scrubbers, and electrolyte:

stainless steel, nickel, or copper gas lines from gas cylinders to the
instrument

water, pared from water purification equipment, or
eqmvalemoommetmlppmduct; 18 megaohm resistance required

fresh electrolyte, prepared from reagent grade t-butanol and HPLC grade
water

additional scrubbers for use in nitrogen mode. Nitrogen scrubber generally
Iasts 36 mon. However, under certain circumstances scrubber may last
<1 mon.

resin, may be ordered from detector manufacturer, as described above for
EICD-X. Nitrogen mode operation is particularly sensitive to failures cansed
by resin deterioration, so use of fresh resin is critical.

Detector Characteristics

Sensitivity. The EICD-N detector is capable of producing as much as 50% FSD

w1lng mO&lnchaPyrfouAsmdxtheEiCD—Xoﬁnon,
sensitivity of the depends on reaction conditions, reactant gas rate,
and electrolyte flow rate. In addition, the condition of the chemical scrubber used
in the nitrogen mode will affect detector sensitivity,

The control module (signal processing unit) of the OI 4420 offers several sensi-
tivity settings, labelled according to the different modes of operation. Despite the

Trenarmittal No. 54-1 (1,/84})
Form FDA 2905 (6/92)
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labeLthesetungforthchalogenmode:honldbemeddlmngmlmgenmodc
operation for greatest sensitivity.

Sclectivity. Selectivity for N:P is much better than that of the N/P detector

and is the chief virme of the EICD-N; selectivity of the Ol 4420 in the

mode was found to be 2400:1 for chlo ;g os (molecular formula

C?H“GI,NOJS) bmmophos( O,FS) [25]. Selectivity for N:X is also very
high as long as the scrubber tly removing HX from the reaction

pnonodmoluuonmclecu'olytc N:X selectivity is higher in this mode than is XN

selectivity in the mode. Selectivity was found to be 4800:1 for

aldrin (C,,H,Cl,) [25]. As with the EICD-X operation, sclectivity of the s

affected by reaction conditions and by parameters that affect ionization of the

reaction products in the electrolyte.

Any parameter that affects the conversion of organic nitrogen to influences
selectivity. The most rtant of these parameters are reactant gaNl;smty.onndl-
tion of the reaction » and reaction temperature, iti

scmbber(u.,quamthrudscoatedmth hydroxide), placed between
thereactormdmnducm&yceﬂ,prmummferenwﬁomrmhmgtheelemo—

Iyte, dissolving in it, and causing detector response.

Condmonsdmaﬂ‘ectioninuonofthereacﬂonpmdmmdudmgmofﬂw
cxdmngerennandelecu‘olymtypeandpﬂahomﬂuenoedetecmr

Elccn'olytcpl-lmmtbeshgh bwcwprmntneunahnuondthehmcamm
nium hydroxide; mtcpHunminnmedbypamngtheelecuolywlhrough
an ion exchange resin it enters the electrolyte
lcsapamcmdmtheninngmw:kodebemwamrnomofme&wnmuﬂmmu

of ionizing a electrolyte like ammonia. Water purity is critical to
detector selectivity; the high purity water specified above in Apparatus and Re-
agents is necessary.

Incorporation of carbon dioxide in the electrolyte affects its pH and thus detector
selectivity. Carbon dioxide can enter the electrolyte from or
from permeation through during transfer to the co cell.
versions of the OI 4420 in a chamber filled with ammonia in
mr,wmmrﬁmmmwmm
arrangement was used only for nitrogen mode with the intent of per-
mitting ammonia to permeate the keep it sufficiently basic, but it
was not sati and the permeation chamber is no longer included with the
osy;tem.'lhel-lall uses a stainless steel transfer line to minimize on
gascs into the electrolyte. Purging the electrolyte with hydrogen or helium
lhrmert-butanolandmteramgmed,myahobemedtodispelwbm
dioxide and air and improve detector performance [26].

linuﬁq The linearity of EICD-N detcctor response to any particular chemical
three orders of magnitude, within the range of 10 pg-100 ng.

approximately
Responsemeachchemnl onmdnomuﬂlljyandpermnﬁ
nitrogen, has a lower of lincarity; below
mmuedlmtisnotlinearmetoanmmmtbqondlheuppﬂhmnof
linearity often appears as a (20}
Other Inflnences on Detector Performance

Factors that influence operation of the EICD-X detector, is, venting cfficiency
and transfer line cleanliness, are also important parameters in EICD-N operation,

50324
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although use of a scrubber in the ni mode minimizes transfer line contami-
nation. As with the EICDX, the opume;onuon for a capillary column in the Ol
4420 detector was found to be beitween the vent line and the reactant gas
inlet {25]. In addition, the detector operations described below are critical to

acceptable detector operation.

Composition of Electrolyte. An important parameter for acceptable performance
is electrolyte composition [25]. During early studies of the Ol 4420, 50% n-
propanol/water was recommended as a replacement for 0.1% hexanol/deionized
water, originally recommended by the manufacturer. In the meantime, however,
10% t-butanol/water has become the recommended electrolyte for O 4420 nitro-
gen mode operation; 50% n-propanol/water is recommended for Hall 700A and
Hall 1000 detectors. As discussed above, water purity is critical in the nitrogen

Gmdid:lnlofmS:::bbu The scrubber can become exhausted and must be re-
placed when etector begins responding to halogenated compounds. Solvents
containing halogen or sulfur should not be used in the nitrogen mode because
they will rapidly deplete the scrubber.

Recommended Operating Procedures

Fol]owthe tdu'ecuonsﬁ'omdi:n??m priate detector manual to sct up and
mm system with EICD, rporate special directions discussed
dudmgmeofhlghpumy(lSmegaohmrmme)mandhydmgm
purging of the mixed electrolyte prior to use, whenever electrolyte is changed.

System Suitability Test

Currently, there is no standardized system suitability check performed by
FDA laboratories for EICD-N detectors. system suitability tests may be
found in detector operation manuals. Itnmoommended that a solution contain-
ing at least one compound containin, as the only heteroatom, one

halogenated compound, and onehydmrbo injected into thelynem.apmp-
erly functioning system should show no response to the hal
or to the hydxmrbonandshould have no inverted (below baseline)

Troubleshooting

Detector operations manuals and Reference 24 each contain sections on trouble-

shooting. In addition, the following suggestions for mum detector

E‘erfomuncearebuedonthem.hcvaluanonofwﬁcbore and O] 4420
CD-N for determination of nitrogen-containing pesticide residues in food:

Symptom Possible Solution
Peak tailing Replace scrubber.
Replace nickel reaction tube.
Replace older OI 4420 detector base.
Poor linearity Replace scrubber.

Trenamittal No. 84-1 {1/94)
Farm FDA 2805 (8/52)
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Replace electrolyte.
Replace older Ol 4420 detector base.

Excessive noise  Replace electrolyte.

Replace gas line filters.

Replace gas.

Check for temperatre fluctuations and correct as necessary.
Check for and correct gas flow instabilities.

Remove bubbles in Ol cell by tuning pump switch off for

1-2 sec, then turning on, or increase pump speed to maximum
for 1-2 min.

General Precautions for EICDs

The following precautions should be followed to ensure optimum performance of
the EICD in both halogen and nitrogen modes:

Amidcohmnlﬁuidphw:hatmnminhabgmornimm
the phase may hiced and de-activate the reaction mube and/or raise the
conductivity of the electrolyte.

Avoid injecting standards or sample extracts in solvents containing
halogenorniuogm. Even though the solvent is vented, traces may re-
main and affect detector operation. This effect becomes critical in cases
where detector selectivity is already poor.

Maintain constant carrier gas and reactant gas flow at all times. Reducing
gas flows overnight to conserve gas may result in diminished responses
when detector conditions are re-established the next day.

When carrier gas flow must be interrupted, £.g., to change columns or

scpta, cool reactor furnace first. Exposure nh:kelrnctio’:dtnbeto
at high temperature i

caygen s bigh smpertur kaialy daieges poforanes and el

oughly purge system with carrier gas; 15 min is sufficient when capillary

columns are used.

Do not allow solvent return line to dip below surface of solvent in reser-
voir. Violating this rule will lead to backup of solvent into reaction tube
anytime gas is inadvertently stopped.

Vent injection long enough to ensure removal of solvents or volatile
protects reaction tube and conductivity cell. Vent time of 0.5-0.75 min is
for wide bore column and Hall 700A detector; 0.75->1.3 min is

adcq_nate
required for Ol 4420,

o03-26
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503 E: NITROGEN,/PHOSPHORUS DETELCTOR

The mu-ogen/phosphonn (N/P) detector is selective to residues con
nitrogen and/or phosphorus atoms. ModemN/Pdemasevolved&ano
and Bischoff's 1974 design [27], itself an evoh:ﬂonofdzepomumchlondc
thermionic detector (KCITD); the KCITD, introduced in the mid-1960s, was the
first selective detector for phouphoms residucs [28). Most N/P detecwn m mm'e
responsive to phosphorus than to nitrogen, but this section

a nitrogen-selective detector, because the FPD-P (Section 503 C) uprcferredfor
phosphorus residues.

Although N/P detectors are selective and sensitive, problems associated with their
relmblhtyandpuformanoehzvedctﬂmdthﬂrmudne lication for ici

residue determination in FDA laboratories. In addition, the N/P's ability to distin-
guish residues from sample matrix unequivocally is hindered by the presence of
mu-ogenmmnyoommoduyooﬂmeuvu,adﬂemmmmmontoallnmogm
detectors. Despite these shortcomings, an N/P detector, optimized for nitrogen
selectivity, can play a valuable role in examining extracts for residucs; many pes-
ticides contain 1o other heteroatom than nitrogen. Response of the N/P detector
also provides complementary evidence abont elemmt(s) present in a residue,
information often needed for confirmation of identity (Section 108, Table 103-a).

Several different manufacturers produce N/P detectors. Among these are:
Chrompack, Inc., Raritan, NJ; DETector Engineering & Technology, Inc., Walnut
Creck, CA; Hewlett-Packard Co: , Wilmington, DE; Perkin Elmer Corpora-
tion, Instrument Division, No CT; Shimadzu Scientific Instruments, Inc.,
Columbéa,A.hm;Tremeuia,m.Amﬁn.Tx;andVaﬁanhmmchhion.Wahm
Creek,

Principles

GICcohnnneﬁluentmp:;guonmﬂ:enufaceofandecniaﬂyheatedmd
larized alkali source in the presence of an air/hydrogen plasma; jonization
ggcunandtheﬂwofmmbeufeenplmamdanxoncollecmrumpliﬁedmd
recorded. Detector response to analytes results from the increased jonization that
occurs when compounds containing nitrogen or phosphorus elute from the
column. At flow rates used for N/P o , the degree of ionization
of compo containing nitrogen or ph oms>10000nmug:utenhan
for hydrocarbons. Mechanisms that explain the enhanced response to

and phosphorus are not yet fully understood and are beyond the scope of this
manual; both gas phase ionization and surface ionization processes have been

proposed [29).

Design

An N/P detector is similar to an FID to which an electrically heated source of
alkahhasbemaddedbetweenthe;etandtheionmﬂecmrﬁgme%&kpmudu
aschemancdnagramofwl available N/P designs
vary considerably, with different collector clectrodes, collector polarity, and
opumumpouenualbemmpzandcoﬂeuorﬁgure%ﬂdﬁaysmalofﬂ:ue
variations. The most important component, the alkali source, is usnally manufac-
tured by impregnating a glass or ceramic mawrix with an alkali metal salt. Varia-
tions among alkali source designs represent attempts to optimize selectivity to

Transmittal No. 94-1 [1,/94])
Farvn FOA 2906 {6./92)
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{Reprinted with parmission of John Wiy & Sons, inc. , from Detectors for- mﬂm
Hil, HH., and McMinn, D.G., ed., Chapter 7, by Petterson, P. L, Figus 7.1, p. 142.)

nitrogen (selectivity to ph orus over hydrocarbons is adequate for most de-
signs), detector operating ity, and source ruggedness for extended operating
life. Some but not all detector models permit adjustment of the alkali source

helghtabovethejetforopummonofsendﬁmyandselecmq

Al N/P detectors provide electronic heating of the alkali source to 600-800° C.
The plasma in the region of the salt is sustained by flows of hydrogen and air. The
alkali source exhibits longer operating life and more stable and reproducible
response under these conditions than in the presence of a flame.

Apparatus anxd Reagents

Section 501 B provides general information on apparatus and reagents required
for GLC.

Detector Characteristics

N/P detectors are of producing
mas5-10m .o omorwl-gabphoqﬁm
containing compounds [30] FDAexpenenee that the pesticide for which

the greatest N/P response occurs is diazinon, which contains two nitrogen atoms
and one phosphoms atom; 25 pg diazinon should cause a response of approxi-

503-28
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Fgure 3034 mately 5% FSD; tebuthiuron,
with nitrogen atoms (no

phosphorus), requires about 50

N/P
Cowar for 5% FSD response when
c gro hed on a wide
s Coutar bore oolu(mn at smi—
sensitivi

| . scusitiiy (Appendix
‘ N/P sensitivity is most inflo-
em:edt;biy;i i flow and the
i e cating current

magll‘iled to the alkaﬁ

i source position nng

) ) sensitivity, but not all designs

{Gion collector, Sthermionic source, eample iniet) permit adjustment of source

height. Response diminishes

over the lifetime of the alkali

s source. Variations in response

R are also seen among individual
" c alkali sources.

Detector response to nitrogen is

! most affected by hydrogen flow

rate, with response increasing as
hydrogen flow decreases;
mum flow for the parti

c D detector must be determined

T o B

0.G., ad., Chapter 7, by Pattareon, P. L., Figure 7.2, p. 144.] tmgensemitimyul-ﬁml./mm.

Response also increases with

increasing alkali source current,

but little improvement is realized, because detector background can also increase.

Lifetime of the alkali source may also be shortened by operation at higher current.

Response to nitrogen oompoundshnotmicd{m:?ordonﬂmmeammtof
elemental ni in the molecule; variations 4 on molecular structure oc-
cur. Although the reactions that occur within the detector plasma are effective in
decomposing analytes into common species, those compounds that casily decom-
pmcmthec[’ranoradwnlmaﬂyamehgherruponsethmdoamﬂuormm
compounds [29

Selectivity. _Selectivity of the N/P detector is about 10°~10° for N:C
10‘-5x10'"forP-Ctupome and 0.1-0.5 for N:P [29]. Factors that
affect detector sensitivity do not always affect similarly. While both

sennuutyandselecumtytomuogenmpmwithdeaeamghydmgenﬂow

only sensitivity (but not sclectivity) improves with source heating current, becanse
background noise and response to other elements increase simultaneously.

Linearity. Manufacturers of N/P claim linearity of response over four or five
orders of magnitude. No FDA studies have been done on modern N/P detectors
to measure detector linearity relative to amount of pesticides. Laboratories using
N/P detectors must evaluate the lincar range, work within that range, and match

Tranemittel No. 94-1 [1./54)
Farm FOA 2806 (8/92)
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peak sizes of residue and standard within 25% for accurate quantitative determi-
nation.

Other Influences on Detector Performance

Detector T Detector ou s sensitive to temperature changes
within themmmwhmioninﬁooéuﬂformhﬂiqdopuaﬁm,mﬁ-
tions that permit variations in temperature should be avoided. Temperature of the
alkali source is controlled by the clectrical current at which it is operated but is
also affected by hydrogen flow and, to a lesser extent, the rate of air and column
carrier gas flowing past the source. The detector walls are heated separately.
Stability is improved when the N/P detector itscif is operated at a high tempera-
ture, because this minimizes the temperature ient between the alkali source
andd:emmundingmﬂ;mdudngtheg:ﬁﬁinimimchangehm
tempetan[geg]thatoccunwhen high concentrations of analytes pass through the
detector .

Age of Alkali Source. Each alkali source has a finite lifetime; eventually each must
be replaced. Both sensitivity and sclectivity decrease as the source ages, 20 regular
calibration of detector performance is required. Source activity can be conserved
by reducing hydrogen flow when the detector is not in use; however, manufacturer’s
instructions regarding source current and gas flow must be followed carefully
to avoid destruction of the source. Operation of the detector at the lowest source
current compatible with desired sensitivity is also recommended, as is mainte-
nance of the detector at 100-150° C when not in use to prevent water condensa-
tion. Because degradation occurs more rapidly with higher source heating
current, increasing the electrometer sensitivity to maintain constant detector
sensitivity is preferable to increasing source heating current [29].

Replacement of the alkali source and re-establishment of optimum operating
conditions can be troublesome and time-consuming with some detector designs.
Design quality is at least partly judged by the stability of the source itself and even
moresobyieeaewilhwhichthewurceanberqﬂmedandmhkopaaﬁm

Gas Flow Stability. Stable flow of hydrogen and air is critical for constant and
lincar response. High precision flow valves, standard equipment on some
chromatographs, may be ired for acceptable operation.

Position of Column Outlet. For maximum sensitivity and optimal peak shape,
the GLC column should be positioned about 1-3 mm the tip of the detector
jet. The column should not protrude into the flame, becausc the polyimide coat-
ing on capillary columns will decompose and the resulting nitrogen products
cause high background signal and noise. If the column outlet is too far below the
tip, peaks may tail and/or be reduced in size becanse of the dead volume between
the column and the alkali source [30].

Solvents and Reagents. Useofcuﬁnmteﬂakmhmadeuimenulgﬂ_‘ea_on

of extracts con! even trace amounts of acetonitrile can cause detector
response and examination of the early eluting portion of the chromato-
gram; such extracts must be or to remove all acctonitrile

b9
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and thus should not be injected. (Some N/P detectors are designed to permit use
of halogenated solvents, but this must be ascertained prior to injection.)

Packed column stationary phases con cyano grou (e.g, OV-225) are un-
acceptable for use with N/P detectors. Equivalent nded phase ca{nllaly
columns have little biced and may be acceptable, however. Other

avoid include thoseknowntoausepmblemsmmanyGLCsmag scpmnot
designated for high temperature use, impurities in gases, and leak-detecting

solutions.

Certain common materials can appear as contaminants in determinations using
N/P detectors. Nicotine is usually detected when cigarette smoking occurs in the
vicinity; if phosphate detergents are used to wash glassware, or if the GLC column
or glass wool is treated with phosphoric acid, trace amounts remain and are de-
tectable during determination.

Recommended Operating Procedures

The following directions, adapted from the instrument manual for one N/P de-
tcctor[Sll,gnvenotyetbeenwstedwithinﬂ)Abutmpmpooedaawayof

optimizing detector operation:

¢ Follow manufacturer’s directions for installation and operation. Pay
particular autention to recommendations related to the alkali source,
including situations that should be avoided to prevent its destruction.
Use of wide bore capillary column with retention gap (Section 502 C)
is recommended; makeup gas should not be necessary if column carrier
flow rate of 10-20 mL/min is used.

¢ Follow manufacturer’s directions to establish detector operation selec-
tive to nitrogen. Adjust detector parameters and instument attenuation
so that 1.0 ng chlorpyrifos causes 50% FSD.

¢ Prepare test solution containing 2.0 ng/uL azobenzene (containing 310
pg N), 2.0 ng/)iL. parathion-methy! (110 pg N and 230 pg P), 4.0 ng/
f\l. malathion (380 pg P), and 4 pg/puL n-heptadecane (3.4 ug C) in
isooctane.

¢ Inject 1 L test solution, and adjust detector attenuation and range to

keep peaks on scale. Examine relative responses of detector to four
components; negative deflection of pen is normal in area of solvent

. Expenment with effect of hydrogen flow on detector selectivity to

trogen by re-injecting test solution after changing hydrogen flow rate
mmcremenu of 0.5 mL/min.

» Based on experimental results, use hydrogen flow rate that produces
greatest ratio of response for parathion-methyl:malathion, as long as
azobenzene peak is 24 times heptadecane peak at that flow; malathion
peak can be expected to always be larger than parathion-methyl peak.
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504: QUANTITATION
504 A: INTRODUCTION

Accurate quantitation of pesticide residues identified by GLC is always of critical
importance. Whether the analysis has been performed for of monitoring
or for enforcement of regulations, the consequences always potential long
termunpacLAllanalysathatdmmtoproduocquannmmﬂummbeulu»
lated in a consistent, reliable manner.

Acmquxm:;liuﬁmdependsﬁmeomeferenmmndagfameda
GLC system whose response is linearly p to the t of chemical
being detected (or for whose nonlinear rupommadjmtm made), and

use of proper technique for measuring detector responses. Given these conditions,
quantitation is based on a simple proportion equation, i.e.:

quantity of analyte - quantity of standard
detector response to analyte  detector response to standard

Quantity of analyte, the unknown value, is readily calculated from the known
quantity of standard and the measured detector responses.

This section assumes that the first iwo conditions for accurate quantitation, ie,
accurate reference standards and a linear GLC system, are met. Only techniques
for measuring detector response are discussed here.

Musurementofdetectorrapomeforusemtheabowfumuhhau:dmomﬂy
involved manual measurement of the peak that represents detector

a chromatogram drawn by a strip chart recorder. Section 504 B provides di

for the most practical ways of manually measuring peaks.

Modemwmmateddauhandlmgmmselecuonhﬂyin the detector
output signal and produce a numerical representation Stcp-bﬂ
dnecuonsforsuchsystemsmnotmdudedmthnmamnl, owever, because

is unique; analysts using electmmcmwgnuonmmtfollowﬁwdnccdomplmlded

th nﬁacmrerSecti 504 C provides general guidan Eprqmnn:
Wﬁmﬁmnonmdadmabontmgm?pi

Whether the detector response (peak) is measured manually or electronically,
proper positioning of the baseline below the is critical. Accuracy of the
mcamrementdemdsmpartonhowwcﬂthe tector’s response to the residuc
|:Z[: edm:s samplchmmtogmm w—y
a in a may occur on a
slopmg ‘:,nznmpof anoptlf::pak. or incompletely separated from another
pcak.mmnmmcrcfutncemndardmlunonu:ﬂfmamgksymmem
QOmuantitative accuracy is sacrificed if the
pmpaiydelmeaxed.Tonmrcpmhmannaﬂy the analyst must literally draw

the baseline on the chromatogram mmﬂmmmm
ment,theanalystmmtconﬁgmtthc to in only that part of the signal

that can reasonably be assumed to represent the residue.

Fore FOA 2305 /89 504-1
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Appropriate setting of the baseline is integral to the directions below for measur-
ing the peaks. In some cases, choice of appropriate baseline for particular residues
wallbeshown by example.

504 B: MANUAL GUANTITATION

Many methods of chm% peaks have been ted
in the literature, ﬁ:antmmngtia thatpe:foumpt::lml
mmuemenuofpeahhmrchedonﬂaem cs: measurement
ofpakhughtandmeamrementofmofthe c that best fits the peak
(“wiangulation”). Peak arca is the more accurate representation of detector
mpome,butpeakhelghtuajumﬁablcappmxlmanonofamwhenpukah:pe

elghtl_)mpomonalwarea.Advanmmcolumnwchmqna(Secmnm)
have resulted in improved peak symmetry and resolution, thus encouraging use
ofpeakhelghtforquanmauon

Other techniques for manual measurement of peaks have been described in
various chromatographic texts; these include calculation of the of peak
height and width at half height, productofretcnnon time and height, weight
of peaks cut from chromatogram, peak area measured by a planimeter, and peak
area measured by a mechanical integrator attached to the recorder.

of results among some of these techniques indicated their validity [1], but none
are described in this section because they are time-consuming and more difficalt
and offer no significant advantage over those presented here.

Messurement of Peak Height

Peak t measurcments are recommended for of
mdd:i;?ghmm, and very small peaks. If anaiyte Muﬂymmdmmmmpahmm
narrow and approximately the same size, comparison of peak heights is less sub-
Jject to measurement error than is triangulation. Peak height measurements are

very sensitive 1o changes

in operating conditions, Figure 304

must be closely con- v
trolled for accurate Ac
quantitation. A

To measure height,

construct a ¢ be-

neath the and mea-
surc the length of the
i from

apes !mmmmn me |
constructed ine. In fi
Figure 504-a, this is rep- D
resented by line AB on  Messurement by: (1) pesk height and (2) triengulation.
Peak 1.

Measurement of Area by Triangulation

Measurement by triangulation involves drawing a triangle that approximates a
peak’s dimensions and calculating the area of the triangle. This method requires

-l
e . v ——

N
. I

|
m.J

Tranemitsal No. $4-1 (1/84)
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extreme care in construction of the c and in its dimensions.
Speaalmmentnmqunudforp@h oping baselines and for skewed (asym-
metrical) peaks. The technique is subject to error when the peak is narrow but is

over measurement of peak height when the peak is >10 mm wide at the

.

To construct the triangle, draw a baseline below the peak and draw inflection
tangents to the peak, as shown in Figure 5044, Peak 2. Drop a dicular
bisect from the constructed apex to the baseline. Measure t (length
ofbnectﬁnmbasehncmconmmdapu,CFmtheﬁgmc)andthcbme(length
of baseline between its intersection

with the tangents, DE in the figure). Figure 304b

Calculate area as 1/2 (base x height), Triangulstion of Pesk on Sloping Beseline
ie, 1/2 (DE x CF).

When the chromatogram baseline
slopes under a peak, the line
dropped from the intersection of
tangents does nNot serve as an accu-
rate measure of height because it is
not perpendicular to the baseline;
e.g., Figure 504-b, line AD in triangle
ABC. To mﬁsure the area of such a
dicular to
oneofthetangents CE in Figure k
504-b). Then use its length as the
triangle height and the length of the
tangent (AB) as the base. Calculate
area from these values using the standard formula, ie, 1/2 (AB x CE).

Y

Skewed peaks present another challenge to the validity of area measurement by
tnangu]auon.Xs becomes more skewed, less less of its area is included
within the triangle to it. Skewed peaks may be tailing or fronting,
depending on what physical phenomena cansed the poor chromatography.
The preferred sohution to quantitation of skewed is to improve chromatog-
raphy sufficiently to cause peaks to be symmetrical. Use of a more polar column,
changing column or inlet temperature, or optimizing the injection system may
cffect the improvement.

I manual quantitation must be performed on a skewed peak, measurement of the
area using the formula for calculating area of a trapezoid is preferred [2]. In this
systcm, peak widths at 15 and 85% of height are measured and wed in the for-
mula: area = 1/2 X height x (width at 15% + width at 85%). Calculations
performed in this way have been shown to accurately represent peak area even for
increasingly skewed peaks {3].

504 C: HECTRONIC INTEGRATION

Electronic integration devices provide laboratories with powerful tools to accom-
plish their work more efficiently. Over the years, technology has progressively
improved from simple desktop integrators to sofiware programs operated by
compute:satallﬁpahuhtylevels. The morepowelﬁﬂ“automteddanhandhng
systems” can automate the entire determinative step, including monitoring of
instrument temperatures and flow rates, operation of autoinjectors, acquisition of

Tranemittal No. 54-1 (1/54)
Farm FOA 2905a (8/32]
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retention times and detector responses, mumnanofthmevaluufor
residue identification and quantitation. Unam:n operanon of instruments is
mmmonwhenaummwdsynmmmhblem of si-
multaneous m;n':gtmcnt of muhliple instruments. Anwmawd dan ing is
oftenmcozo to computerized laboratory information t sys-

of producing both the final report and the -

tion neemry for quality assurance requirements (Section 206).

Discussion of entire systems is beyond the scope of this section. The focus is
mnmdonmeaurementofpeahbyelec&omcmtegmﬂonaﬁhengmlpmdumd
by a detector, i.e, summation of the change in electronic signal

Beyond that generalized description of the integration process, symem oper
ates under a “integmuonalgonthm'thatspeaﬁahowuwiﬂchomewha
partoflhemmtegmte The accuracy with which the system can measure
detector response to a particular analyte depends on the algorithm itself, on the
conﬁgmauonopﬂonsavmhbletothemer,andonthemersmmaendoummm

choosing appropriate options. If an electronic integrator is smpeﬂy
mmmurcmentofpg'huthefaﬂat.moumm, most reproducible

available.
rp:t[alkexht,however,intheunmuml of results
ﬁh‘yq:lemomcm n. Proper configuration of x ithm, to extent

pa'mntedbythesystem.nmmLAfterchmmamgnm been run and re-
sults presented, review by a competent analyst is essential, because no integration
algonthmcanewrhmcﬂeperfecdyaﬂthemriauomthammthechm
graphic environment. The analyst must understand the concepts incorporated
into the algorithm, be able to interpret the visual display of the

provided by the system, and evaluate whether integration was appropriately

performed.

Data systems that rm clectronic in: vary in the amount of “memory”
atheformmPgafodethoughﬁmprhmmlymm:ghmy
to process onc chromatogram at a time, computer-based systems can

data associated with many Ind:elamercue,whenwyreviem
chromatogram suggests that the ori integration was i s
the system can be reconfigured and a new calculation from the stored data.
If the system lacks the memory required to permit recalculation, the sample must
be rechromatographed with the integrator reconfigured. Alternatively, the peak(s)
can be measured manually from 2 printed chromatogram.

Optimum quantitation accuracy with any electronic integrator is dependent on
the operator’s making complete use of options available within the integrator. The
following approach is recommended:

* Configure integrator for the GLC system. At the mininmum, configure the
integrator for the particolar GLC system in use, rather than
wlthdefaultscmngs.Dcw:lopanmtegmtoreonﬁgunﬁonfweach
system routinely used. Store integrator setings as a “program,” if the
system permits, or keep a written record if necessary.

¢ Optimize and baseline recognition by considering the typical chro-
oo p cxpectz to produce. Chromatographic

matograms the GLC system can
features and the conditions that determine them include: baseline noise,

varying with type of detector; expected peak widths, dependent on column

Trarmmiunt No. 84-1 {1/94}
Form FOA 2005 §6/89)
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and conditions; and inclusion ofasolventpcak,dcpendentonwhether
or not solvent is vented. Most electronic integrators can be configured

to specify the following options:

1) Size (in whatever valuc the integrator generates) below which a
response is not recognized as a peak; sometimes called “area reject.”

2)Rzngeofpeakbasew:dthswnhmwhnchdemrrespomeumoog—
nized as a peak.

3) Increase in baseline slope above which detector response is recog-
nized as a peak; referred to as “threshold.”

4) / ce of multiple inflection points before the used to

t.heemtenceoftwoormom when no exists

hetween them. Some systems can such “shoulders” as front or
rear.

5)Slopeofpukahov:whichrupomei:reoognimdasmcsoh¢nt

; can be because solvent peak rises faster than most

other peaks; depends on detector, sennmg;t and column effi-

ciency. May also permit recognition of peaks appear on the
tailing edge of the solvent.

Usem features that demonstrate its Mo-telecuonic
tcgrr:mroﬁer the option of displaying, m:m
md:cauonofmcﬂywherednemeammnenzmnedmdended.&me
can also be configured to show where the baseline was drawn.
Theamlystshouldtakcadvantageofthuefewuuhychoamgthe
option to print such indicators and should then use them in subsequent

comparison of integrator measurements to the chromatogram.

tocoﬂnacuvesoranun co pattern of

Choose other options for ion if ience with the

commodity, method, or likely residues in advance what of
can be expected. For le, if the is

likely to contain isolated, symmetrical on a flat, quiet baseline,
configure the integrator to match width selection to measured
width of the peak at half height, and set the threshokd a few units below

theh.lghestvalucmﬂ of detecting thepeak.!noonmtfthe
chmmatogramis nooomamKab together or with a
noisy or baseline, eintegmmrmwoommodatethooe

conditions. T 504-a lists the effecs when the two most
unportantmtegntorseuinp,pukwidthandﬂlmhold.arevaﬁed.

Review integrator measurements and reconfigure for accuracy. The
analyst is ultimately responsible for accuratc quantitation, so review
and evaluation of chromatograms and integrator reports are essential.
H examination reveals that the integrator mappropriately included or
excluded portion(s) of the chro , the following integrator
opuonsshouldbechangedandthepeakrecalculated

Transmiitel No. 54-1 {1/84)
Form FDA 29050 [G/82)
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Reposition bascline to appropriate base of the peak(s).

- Measure peak(s) appearing of much larger peak from bascline
M'mpmmnmadhrgermmuﬂed
gent skim.”

- Identify point at which to split incompletely resolved peaks, i.e., where
mmdmmgraﬁonofoneraPomeandmninmﬁonofthem
sometimes called “split pe

-~ Delete one or more peaks from integration; this does not remove peak
from chromatogram.

- Integrate area within chromatogram as single number; useful when
multicomponent residues, such as toxaphene, are being mecasured.

Table 504-6: Effects of Changing Electronic integrator Sattings

Setting Result
Peak Width  Threshold
High Low Tracedevel peaks detected; noise also recognized as peaks
Low High Peaks on sloping baselines detected; noise not detected
Low Low Narrow and broad peaks both detected (low peak width
of narvow peaks, while low threshold
permits detection of broader peaks)

504 D: SPECIAL CONSIDERATIONS FOR COMPLEX CHROMATUGRAMS

Chromatograms that display residues of multicomponent chemicals or mixtures of
two or more residues challenge the chemist to perform accurate measurcment of
peak size. Quantitative accuracy is further challenged when the residuc has under-

gone degradation and the pattern of does not match that of the most
appropriate reference standard. The fi ing procedures for quantitation of cer-
tain difficult residues have been developed during years of practical experience.

BHC (also known as HCH, hexachlorocyclohexane)

Te&ﬁdgﬂeﬂﬂCkamhdeWstw
morehgchlomcyﬂohmnuand exanes [4]; as a practical
matter, the isomers «, B, v, and 3 are the only ones ever reported by FDA. The ¥
isomer is also known as lindane and is marketed as a separate pesticide. Currently,
US. tolerances for BHC have been revoked, but residues are still found in
imported commodities; U.S. tolerances for lindane remain on several commodi-
tes.

Transonival No. 94-1 [1/94)
Form FDA 2800 (8/53
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Residues of BHC can be expected to vary in relative amounts of the individual
isomers for several reasons: (a) Separate use of both BHC and lindane is paossible,
(b) commercial formulations vary in the percentage of individual BHC isomers
present, and (c) isomers undergo different rates of metabolism or environmental
degradation; ¢.g., the climination rate of isomers fed to rats was 3 weeks for the
e, v, and S isomers and 14 weeks for the B isomer [5]. This difference in animal
metabolism rates explains the typical finding of f isomer as the predominant BHC
residue in dairy products.

Detector response to the same amount of different isomers may also vary. When
BHC isomers were chromatographed individually on a wide bore methyl silicone
column, relative response of an electroconductivity mode) detector
(EICD-X) to each isomer ranged from 0.58-1.00, while ™Ni electron (EC)
detector responses at the same conditions varied from 0.43-1.30 (T 504-b).
Both detectors responded less to B-BHC than to the other three isomers [6].

Hexachlorobenzene, an industrial chemical and impurity associated with the pes-
ticide quintozene, elutes near the BHC residues on all commonly used GLC sys-
tems. Aithough hexachlorobenzene has only occasionally been found in the same
mas BHC, it is important to ascertain that it is not present before BHC

i are quantitated. Several packed columns were once cited as capable of
separating hexachlorobenzene and the four important BHC residues from one
another ﬁl,ﬂ].AmongtbeGLCsysmdmibedinSecﬁonm.thebmchoim
for separating these residues is DG18 (50% cyan enyl, 50% silox-
ane column at 200° C, electron capture detector). column of DGI18 is not
compatible with EICD-X, so DG22 (DEGS column at 180° C, EICD-X) is recom-
mended for confirmation of BHC residues as long as - and 3BHC, which do not

scparate, arc not both present.
To quantitate BHC most accurately:

¢ Choose GLC system that separates residues in the from one
another; if possible, use a halogen-selective detector, as EICD-X.

¢ Quantitate cach isomer separately against a standard of the respective
pure isomer.

Table 504-b:  Response of Two Detectors to Four BHC lsomers
BHC

Iscmer Ng Required for 1/2 FSD Response Relative 1o Lindane
®Ni EC EICDX SNiEC EICD-X

Alpha 024 0.41 130 0.71
Beta 072 0.50 043 058
Gamma (lindane) 0.31 029 1.00 1.00
Delta 0.33 0.49 0.94 059

504-7
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Chlordane

Chlordane is a technical mixture of at least 11 major components and 30 or more
minor ones; Figure 504 is a chromatogram of technical chlordane. Structures of
the many chlordane constituents have been clucidated GLC-mass spectrom-
etry and nuclear magnetic resonance analytical techniques l|19 10]. The two major
componcnuoftechnitalchlordanemmandmchlo:dane (Figure 504
peaks E and F, ); the exact percentage of cach in the technical material
is not completely defined and is inconsistent batch to batch.

At one tile, heptachlor, a component of technical chlordane, was also marketed

asa pesticide. When residues of heptachlor and its metabolite heptachlor

were found in the same commodity as chlordane, the source of the former
vrasm Currently, neither chlordane nor heptachlor is registered for use
on in the United States, and tolerances for both have been revoked. Most

residues that are now found occur in fish as a result of lingering environmental
contamination.

The GLC pattern of a chlordane residue may differ considerably from that of the
technical standard. Depending on the sample substrate and its history, residues of
dﬂordanemnconmofahnouanyoombmanonofoommcnuﬁnmdleudmi-
cal chlordane, plant and/or animal metabolites, and products of
caused by exposure to environmental factors such as water and sunlight. Only
limited information is available on which GLC residue patterns are likely to occur
in which commodities (e.g., References 11 and 12), and even this information may
not be applicable to a situation where the route of is unusual. For
example,ﬁsh to a recent spill of technical e will contain a resi-
t from a whose chlordane residue was accumulated

throughnomalfoodchampmcm

F@nm

Chramstogrem of 1.8 ng technical chiordans, chromatographed on systern 302 DG 1.
Labeled pasks are thought tn represent, respactily: A, monochiorineted adduct of
pentachiorocyciopentadians with cyciopantadiens; B, co-slution of heptachior and alpha
chiordane; C, co-elution of bata chiordens and gamme chiordenes; D, a chiordane analog:
E. trans-chiordane; F, cie-chiordens; G, trens-nonachior; H, co-slution of cis-nonachior and
“Cormnpound K.° a chiordane isomer.
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Becaunse of this inability topred:ctachlordaneGLCreaducpamm,nosing!e
methodanbedescnbed for quantitating chlordane residues. The analyst m
JudgewhetherornotthemnducsGLCpanemnsuﬂimendynmﬂartothatofa
technical chlordane reference standard to use the latter as a reference standard
for quantitation, then:

¢ When the chlordance residue does not resemble technical chlordane,
but instead consists primarily of individual, identifiable peaks, quantitate
each peak separately against the ap reference standard. Refer-
cncemndardsareavallableforat east 11 chlordane constituents, me-
tabolites, or degradation products that may occur in the residue.

¢ When the GLC pattern of the residue resembles that of technical
chlordane, quantitate chlordane residucs by comparing the total area of
the chiordane residue from peaks A through G (Figure 504<) to the
same part of the standard chromatogram. To define appropriate mea-
surable arca of adjust amount of extract injected so
that the major residue are about 50% full scale deflection (FSD),
then inject an amount of reference standard that causes response within
125% of that; peaks E and F in the two should be about
the same size. Construct the bascline beneath the standard from the
beginning of peak A to the end of peak G. Usethedmncefmmthe
trough between peaks E and F to the baseline in the chromatogram of
the standard to construct the baseline in the chromatogram of the sample.

Peak H may be obscured in a sample by the ce of other pesticides. FH is
not obscured, include it in the measurement for both standard and sample. I the
heptachlor epoxide peak is relatively small, inchude it as part of the total chlordane
area for calculation of the residue. If heptachlor and/or heptachlor epoxide are
much out of proportion, as in Figure 504-d, calculate these separately and subtract

Figure 504d
Chiordane, Heptachior, Heptachior Epoxide

Huptachior
Haptachior epoxide

Chromatogrem of 1.8 ng tachnical chiordane, 0.1 ng heptachior, and 0.3 ng heptachior
apmide, superimposed on chrometogrem of tachnicel chiordans only; syetern 302 DG1.

Trenamittal No. 84-1 {1/94)
Form FDA 2905a {6/92)



SECTION 504

Peeticide Anaiytical Manuel Vul. |

their areas from total area to give a corrected chlordane area. (Note that octachlior
epoxide, a metabolite of chlordane, can easily be mistaken for heptachlor epoxide
on a nonpolar GLC column.)

{When measurement of total peak arca by integration was to additon
of peak heights for quantitation of ¢ residue in sampiles, the re-
sults of the two techniques were reasonably close; results justify the use of the
“peak height addition™ ique for calculating total chlordane when no means
of measuring total area is To titate by peak height addition, mea-
sure heights of peaks A, B, C, D, E, F, G, in mm, from peak maximum of each
to the baseline constructed under the total chlordane area, then add heights. The
technique has inherent difficulties because not all the peaks are symmetrical and
not all are present in the same ratio in the standard and in the sample.)

PCBs

Polychlorinated biphenyls (PCBs) were manufactured for many years in the United
States by the Monsanto Co. and marketed under the trade name Aroclor. Each
Aroclor product was a mixture of chlorobiphenyl congeners into which 1-10 chle-
rinc atoms were substituted; 209 different congeners were possible. Common
commercial products included Aroclor 1221, 1242, 1248, 1254, 1260, and 1262,
with the last two digits in the name indicating the average t chlorination in
the particular mixture; Aroclor 1016, purportedly a purified version of Arodlor
1242, was also marketed. Aroclors are no longer used or marketed in the United
States, but their residues remain in the environment, in foods like fish and shell-
fish, in animals, and in human tissue.

GLC chromatograms of PCB residues contain many peaks, and patterns con-
siderably, because residues can result from combinaﬁonofArodon:gnm
Variations in residuc patterns are also caused by degradation from ing or
metabolism. Different congeners in the degree to which they are by
or retained within an animal and by the degree to which they volatilize. This
multiplicity of potential PCB residue patterns makes the task of identifying and
m::ﬁmﬁngraiduuexumelychaﬂenging.‘lhe resence in the extract of resi-

from chlorinated hydrocarbon pesticides er i the determina-
lion.Rcﬁduesofg,p‘-DDEmmostlikelytointufemh termination of PCBs,
because both resi are often tin the same commodity and because their
structural and behavioral similaritics make them difficult to separate with normal

analytical methodology.
Quantitation of PCB residues is best achieved by following these steps:

» Isolate PCB residues from sample co-extractives and from other residues
mthcdegreepom'blebcfom(}lﬂdew:iinaﬁon.Ceruindunume
opliominCh:FwISmetbodlmdmgn‘ to separate PCBe from pest-
cide residues of similar structure; these options should be used to
mymmmodltyenﬂ'h' in which PCB residues are Likely to occur, especially
and sh .

¢ Select the reference standard that most closely resembles the residue pat-
tern. A single Aroclor or, more often, a mixture of Aroclors that
the most similar pattern is used for quantitation. Judgment must be made
about what proportion of different Aroclors should be combined to pro-
duce the appropriate reference standard.

504-10
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e Use a GLC system that scparates peaks efficiently. Packed or capillary
cohnnnsmaybeusad.mdeborecapmarymh?nmpwvﬂethebm
compromise of speed and cfficiency.

¢ Choose from the following quantitation options the one that best suits
the residue pattern. Both have been successfully collaborated in

terlaboratory tesis [13, 14]; chonocdependson the degree to which
thermdlwandreﬁemnoestandud

1) When PCB residue pattern closcly resembies that of a single Aroclor
or mixture of Aroclors, titate by comparing total area or height
of residue peaks to to morhe:ghtofpahﬁnmappmpluu
reference standard(s). Measure total area or height
oommonbmehneunderallpeaks.Useonlythmepahmdmren—
due that can be attributed to chlorobiphenyis. These peaks must also
be present in chromatogram of reference standards.

2) When PCB residue pattern is significantly different from that of any
Aroclor or mixture of Aroclors, quantitate by comparing area of cach
in residue to peak at same retention time in a specially cali-
brated lot of Aroclor reference standard (Table 504-). To each peak
thus measured, apply tﬁctorasouatedmd:thatpeakmﬁ
ticular reference as listed in Table 504-c. Sum
peak values to obtain total ppm PCB. This option can also be used
when residue and reference standard chromatographic patterns match.
The special Aroclor reference standards were calibrated using the
scparations effected by p column chro , but the
weight factors are also valid with chromatography on the equivalent
wide bore capillary column operated in the packed column mode
(Section 502 C).

%amumewmmMWwMMd
capillary cohnmn matography, capable of scparating most congeners from
one another, and a precalibrated reference standard mixtre for which identity
and weight percent of each congener have been established {[15]. This “individual
congener” capillary column method is significantly more time-consuming than
measurement of individual peak arcas or heights obtained by packed column
GLC, and results from the m;rprmchumnotngniﬁznﬂydsﬂ‘aentwhm
total PCBs are calculated [16, 1 countries use variations of
the individual congener method by measuring, msamplcandmnda:d,onlyse—
lectedpeaks[lS].mthesecounmes.legalhmmonPCBmduamddinedm
terms of results from the established quantitation method.

Accurate quantitation of both p,p“DDE and PCBs in the same le is
possible only when chromatographed on a narrow bore capillary co

Quantitation of only the PCB residue, whenp,p‘-DDEnpruent.mbcm
plished by first eliminating p,p-DDE with derivatization and column chromatog-

raphy [19].
Flgummu,achmmamgx:mofmmmhwd@ogchmooknhnon

504-11
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Table 504¢c: Waeight Percent Factors for individual Gas
Chromatographic Peaks in Arocior Reference Standards

Aroclor
1016 1242 1248 1254 1260

Rppe (100x)! (T7029)°  (N-696)*  (71697)' (71-698)*  (71-699)*
1 0.2
16 38 34 03
21 8.1 103 11
24 12 LI 02
28 168 158 6.0
32 76 7.8 26
37 185 17.0 8.7
40 146 130 74
47 11.6 99 15.7 71
54 77 71 9.3 27
58 6.4 44 83 12
70 3.4 8.7 182 147 24
(1 19 6.4
84 46 186 36
98 3.4 83

28
104 33 141
112 1.0
117 44
125 23 15.6 110
146 L2 2.0 133
160 55
174 74 10.0
203 13 109
292244 n2
280 125
352 42
360372 5.4
448 08
528 20

‘mewwmmﬂhn”’mnm-mmummnm

- Sums WEN FDE fS5R N OO A0 BN B

’MMMMMN& facrors are wlid hmmmnh.umdum
Mﬂmmme&unlfooduﬂmq Division s Industrial Chresnicals, HFS-387,
200 C Sereer SW, Washingson, DC mmnomm;-m»-mmmmq:ma—.
(1978) 61, 272281,
Teonmrvistal No. 84-1 {1/94)
504-12 Form FIA SE05e 18/80)
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Figure 5048
PCBs in Chinook Salmon
[~ Hexachiorobenzene
\-—p.p'-Dl:E
trans-Nonachior
i 1 1§ N 1 1 I 1 L
1] 10 20 30 40
25 mg chinook eslimon, extrectad and clesned up by method 304 E1+C3,
on syatern 302 DG1, with detactor censltivity grestar than
norrnal to permit measurement of low levals.  Injection represents pelroleum
ather eluate from Forisl, which separatss PCH residues from most but hot all
pesticides. Total PCB is 0.087 ppm, calculstad using tatal sarea measurement,
0.080 using factors of Table 504-c; comparieon is to mbwd Arocior standard
{ I i B 1 1 i L [
Q 10 20 0 40
1.23 ng Arocior 1254 and 0.745 ng Arocior 1280, chrometographed on same
system as ahove.
o PO 208 10/ 504-13
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Toxaphene

Toxagbuecneisawmplexmixmmthatreuﬂa&omthechloﬁmﬁonof .
The s:mphfy‘:hmmmc pauernhnfor toxaphene does not display any R

peaks to simplify quantitation, instcad appears as a series of incompletely
resolved peaks (Figure 504f). Presence of other residues in the same extract
as toxaphenc requires estimation of baseline placement for T;ytitalion. Reason-
able accuracy is possible, but no truly quantitative technique has been developed.

To quantitate residues of toxaphene:
. %mmmmtofmpleiqiecmdwthamqiormiduepahmlm%
¢ Inject amount of reference standard that causes response within 125% of
that of residue.
¢ Construct bascline for standard toxaphene between its extremities.

* Construct bascline under residue peaks, using distances of peak troughs
to baseline on standard chromatogram as guide.

e Measure areas above baseline in sample and standard chromatograms for
calculating level of residuc. Relative heights and widths of matching peaks
in the residue and reference standard will probably differ.

Figure 504.¢
Toxaphans

10 30
Chrometogram of 11.4 ng tmaphens, chrometographed on systam 302 DG1.

504-14
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