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101: REGULATORY POLICY

The expressed purpose of the Pesticide AoaIylical Manual is to pubIiIb analytical
methodology used by the IDA in enforcing pesticide tolerances. To UDdenlaDd
IDA's application of methodology published in the manual, it is imponaot to
undentand pesticide tolerance reauJations and related IDAregulatory opendons.
Material inCh~ 1 reJJec:ts IDA regulatory policies that atfeet its app1icadon of
analytical methodology.

101 A: FEGULATCRYAl.ITfl:RTY

Infonnation re1atcd to and the dwaeteristia of pesticide tolerances include the
following:

A tolerance is the muimaun concentration of a pesticide raidne that is
IegaI1y penniued to remain in a food. The to1erance is not ecpected to be
exceeded if the pesticide's reglstered DR directbns are~

The statutory authority for the Environmental Protection Agency'.
(EPA's) escablishment of tolerances is provided by Ieetions 408 and 409
of the Federal Food, Drug, and Cosmetic Act.

Tolerances estabJisbal by EPA are set forth in TIde 40 of the CoM ofF«lmll
lWgu/tItitnu (CFR.), Part 180 for raw agricultural commodities, Pan 185 for
processed food. and Pan 186 for animal feed. The concentration of toler
ances listed in 40 CFR.180. 185. and 186 is aprcned in _ ofppm (i....
mg pesticide residue/lrg food). In addition, certain patidd... are n""IW
from the need for tolerances; such ezemptions are listed in 40 CFR.180.1001.

A tolennce for a pesticide residue on a raw agricuItnraI CM'modity, ..~
tollllltoes, also applies to processed fol1J!!l of that commodity, &K-, cmned
tomatoes. In cases where processing may concentrate the raidue, a food
additiw: regulation may be issued in 40 CFR. Pan 185 to "I'lINish a higbes"
tolerance on that processed commodity, ..g•• tomato paste.

A tolerance regulation specifies the composition of pelllh ide residue for
which the limit applies; i.&, a tolerance can apply to the parent form of the
aetM: ingredient only, parent compound plus one or~ metaboliliel
and/or degradation produc1s, one or more metabolites and/or degrada
tion products only. or some chemical moiety that can be m! IIred ana1yti
ca1Iy for calOJlating the pesticide residue. A chemical entity not specified
by the tolerance regulation is not included in the residue for tolerance
enforcement purposes (Section 104).

A tolerance regulation also specifies each individual food (...... apples) or
food~~"'" dtrus fruit) to which the limit applies. No tolerance eDs1s
for a • on a commodity unless the commodity itself or the group to
which it belongs is specified.

In the examination of a food lot to determine whether it eotnplies with
tolerances. it is necessuy to provide a sample for analysis that is represen
tathe of the lot in order to detenuine the lM:J¥ pesticide residue content

r........ ND.94-1 (1194)
.....FDl< _16Ill2I 101-1
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of the: lot. Tolerances lIpply 10 !bat IJlIIIIple or a n:praenllllhe POIIIOil of
!bat sample.

Unless otherwioe specified in a IOlerance rquJadon, each I01eraDce~
plies 10 the whole portion of a food commodity !bat moues in NmlJPM"CC.
In practice. h01lieVel'. some food commodities (mainly raw agric:ultural
commodities) n:quIre further definition as 10 the portion of nwnJDOCtiIy
to which a toler.mce applies and which is to be analyzed.

101-2

In summary. a tolerance provides a means of ascertaining !bat a petf......... _
properly used. Ifa pesticide residue is found to esceed a tolerance or be present
in a foOd for which there is no toler.mce. then the pesticide: _ DOt used in a
manDer consistent with the tolerance. Under Sections 402 (a) (Z) (B) or (C) of
the Federal Food, Drug. and Coanetic Ita, this coDltituu:s a violation of the law;
i.e.. the food commodity is adulterated because it contains an "unsafe" or i1IepI
pesticide residue.

101 B: REGULATrRY lPERA1DlJS

To fuIfiD ils respGDSlDillty 10 eofon:e feIldalions on pesticide I"kb_ in 1OodI,
FDA maintains a comprehensiYe pesticide program, inducling the anaIysiI of food
for enforcement of pesticide toler.mces. Although the m¥»ity of samples ana
lyzed contain no 'Violathe residues, sample handling must be COM • eDt for aD
analyzed samples, because it is impouibIe to know in advance which Ample wlB
contain 'Violative residues.

Accordingly. the foDowing procedures must be followed by FDA Jaboratories to
establish !bat a product contains illepl pes"ck'e raidue(I):

I) JII. laboratory sample of food IDUIt be colIec:ted from a consipmrnt in
accordance with agency IJlIIIIple col1ection Insuuctions [l); this labontmy
IJlIIIIple is then considered iepaesentarlYe of the food ooDligmn_t.

'-

Z) The portion of food taken from the labonIory sample (whole product
or specified pans of product) must be in accordance with aa-cy
instructio.... and !bat ponion IDUItbe appropriately compoIired and ex-
minured (Section 10%). From !bat resulting _ sample. a _ portion is
taken for analysis; _ portion size is dietsted by requircmenIB of the
analytical method. Residues found in the _ portion are considered rep
resenllllhe of the ;werage residue content of the original consipment.

(Note !bat terminology related to food products in this chapter. i.L, "c0n

signment," "laboratory sample: "_ sample: "test ponion," rdIecIB~
ommendations of WPAC Aoa1ytica1 Cbemlmy DIvision, C-ommieion 011
Aoa1ytica1 Nomenc:1aluR [2). Common usage. howe_. -mIy refen to
the test portion as "sample." and this comenoon is used lbroughout _
of PAM I.)

5) The test portion IDUIl be analyzed bya published, oIficiaJ analytical method
or one that has been YlI1idated for the spedfic pesticide/COMDJDOCtity por
tion. and findings of residues must be confirmed (Section 105). For FDA
monilOring purposes. analytical methods must be capable of aa:ur:ately

1
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measwingpesdcide residues asdefined by the IOIerance rquJadon. not
only the tolerance limit but abo the lower limit of quantitation (Section
105).

4) If the residue level found in the original anaIJIis exceeds aD atpNlobed
tolerance. or if no tolenmce eldsIs for the residue in th8t commodity.
aDother anaJyIis of a second test portion of the ume c:ompoIited test
sample must be conducted by a second anaJ,st (normally a senior ana
lyst); the second anaJyIis is iefelled to as a -ched anaIyIis.-

5) If ched analysis wrifies th8t the Iaidue violates a reguIalion, i.... the
n:suIlS of both original aDd ched analyses ezceed a tolerance aDd an:
in close agreement or are in close agIeement for patidde residues for
which there is no tolerance. the anaJyrical findings will auppon enfon:e
ment action againIt the food consignment. If the ched analysis .-It
is below a tolennce or if the resullB of the original aDd ched analyses
are widely diwergent, enforcement action cannot be supported. Addi
tional analyses may be required to~ widely dheigeut analytical
raulu.

9:c100 101

1D1C:~

The IDA pesticide program bas two main oI:!jecIivea: (1) to enforce raidue tolei'"
ances and (2) to deteImine incidence and Iew:J of pestjcide J"idna in the food
supply. The section above defines operations established to enforce reguIadons.
Monitoring aspeclS of the programs can be accomplished simultaneously. bec:aiae
1eYe1s of aD residues found are calculated aDd reconIed, whether or not they
suppon enforcement action. Section 104 provides infonnaJion about reporting
n:sidues for monitoring purJI1lses. as wen • detennining compliance with IqUIa
dons.

[1] lmestigatinns Operation Manual, Sample Schedule Chan 5. FDA, RocbiBe,
MD

[2] HOIwitt, W. (1990) PIn tltt/JL a-. It, 1195-1208

T_.... 90-1 11/941
fmm FDA _18/92) 101-3
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102: PREPARAllON OF ANALYTICAL SAMPlES

This section contains directions for preparation of tell aampIes of food from Jabo.
rarory sampla colleaed for pesticide residue analysis. The following topics are
considered. but not all an: pertinent to c:wry sample situadon: (I) instnu:doDI for
portion of colDlllOllilJ' to be ana1yzed for pestidde residues, (Z) directions for
compositing and comminuting food items. (ll) procedures for IlUDples that are to
undergo special anlI1JIes, and (4) requirements for retention of resene ponions
of test samples.

feE! B: PORIDV CF FOOD aJMM:DITY 10BEANALY2ED

As a g.:neral approach, the "portion of commodity" composited to create the tell
sample consists of the entire food commodity (,.,.. whole cantaloupe). For IDlIDJ'
raw and pJUCCSlCd foods. haweM. only specific portions of the foOO are induded
in the composite for the tell sample. To ensure uniformity and conshtency in
tolerance enforcement and related monitoring, it is neceaary to adhere to the
foDowing instructions on the portion of commodity to be lIIIllIyIlecl.

EPA regulations [I] specify that a raw agriculwral COJIIIDOCIity namined for aJIIl

pliance with aJ-licide tolerance consist of the "whole raw agricultural commod.

1:reThr:w~~~::=~.;<h=~ '::='::i::
carded from Sll'a'Nbenies before enminaOOn for pesticide residues." Such inItnJc
lions are provided for only nine indiridual food commodities (..g.. bananas) and
crop group commodities (..g~ root ~es).

Recognizing the limitation of these reg.dations, FDA developed directions for
additional commodities, taking into account practical considerations of sample
preparation (t.g.. removal of stones from peaches to fadUtate preparation 01: a
homogenate). Table IOZ-a is a compilation of EPA regulations and FDA direc
lioDS. (An EPA rulemaking is expected to be initiated thatwould amend the above
existing regulation to incorponte FDA's more complete inscructions on the JlOI'"
lion of commodity to wIUch a tolerance applies and that is to be 8IIa1yzed.)

In some instances, a pesticide tolerance regulation spedfies an exception to direc
tions in Table IOZ-a. For esample. the tolerance for mevinphos residues on~
ons states that compliance with the tolerance is to be "determined on the edible
portion with rind reDlOftd," [Z] even though the tolerances for most other JI5"
ticides on melons apply to the whole commodily including the rind.

Follow these directions to prepare test samples of raw agricnlturaI commodities:

• Use the entire raw agricultural commodity. as specified in Table lOZ-a.

• When a pesticide residue is found in a commodityforwlUch the tolerance
applies to a portion different from thatspecified in Table 102-a, prepare a
new lest sample in accordance with the pesticide's tolerance regulation.

102-1



Bulb qetahIes (green or dry)
group
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TBbIe 1CJ2.6: Portion ofRaw AgricuJtfraI Cammocfty to be
Analyzed for Pesticide RIlsUI8S

Root andtuber~groupl Where.epuare toIaanas ate etJaNiIhed__
or tuber. analyze whole amtmodity aflrr remooiDg
adhering oolJ by Iitlbdr riIIIiag In 1lIIIIIiDg_.

Where a toIeranc:e it eetaNiJhrd ona_ q
etahIe iuehHting IDpI and/OI'with IIDpI. and topI
and roo1I ate ntarItetal~. analyze topI and
roolueparatdy. Neither the pesdcide raidue OIl
the roots nor the patkide raidueOll the topI
sbaI1 ezc:eed the toIeranc:e JeweL FOI'c:anoa,
panoipI. and rutat.gas. rem.- and dioc:anl .....

Whole COIDttlCldily after t'eIDlJIioIand dIotatdiDll
roots. Rerno.e adhering oolJ by Iitlbdr riDIiog In
IlIIIIIiDg_. In the cue ofdry buI) oaioos and
gartic, _ and dioc:anl_ and outer ..........
(huakor pan:hmallstIn) 1bal ate eaIi1y ieuwted.

Legume ""FtahIoos (IIUCCUIeDt
or dried) group

Fruiting""Ftahles (except
CUClllbits) group

CucurlIiI...getahles group

CilnD fruits group

Pome fruits group

Stone fruits group

SmaD fruits and benies group

Whole COilliiIOdl1f after ietiliHlngand dIotatdini
obriollllyderontptWd orwitltemla-. In die
cue ofrbubaib, analyze only the Item widtouta-.
Remove adhering oolJ from celery by ....dr riDIiog
In running water.

Whole COilliiIOdl1fafter ieuwwiDjJ and dIotatdini
obriousIy derontptWd or widteaed Ieaws, eazpt
_ and dioc:anl aD Jeaws fiom Qll!jflowa and
headed bI'Occoli and IIIC: IIpI1lUts only fiom tw· h
sproull.

Whole commodity, incIudiDgpodr_ oua:uIemand
without pods _ dry.

Whole cgmmoc\jty alla" h5iliHlng and diIl:artIinI
ItemS and huib.

Whole commodity alla" removing and diIl:artIinI-.
Whole commodity.

Whole rommodity after ietiliHlng and diIl:artIinI-.
Whole commotIity after removing and diocudini
_ and IlOIla.

Whole rommodity after removing and dioc:anllng
caps and-.except Cor cunants, wbeie the ItemS

ate to be included.

I MemllenofCoodgroupsate1isted In40CFR 180.54 (1)(9).

102-2
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PeanUls

PeanuthuIJs

Pineapples

BananM

MiIc:eIIaneous raw fruita
and "'Ftables not pR:¥iousIy
included

Almond hulls

Crab (bard shell)

Crab (00& oheIJ)

Shrimp and aay60h

0,.-. clam. and othersbeJ!fisb

RabbilS and other game

Whole peanut meat (hmeI) after iemowiu& huIIL

Whole commodil.)' afta' removing peanut..-t.

Whole romuuvtil.)' afta' removing and cIiocauUoC
_ andllODeaorpilS.

Whole c:ouuuocIity afta' removing and cIiocudiag
crowns (1elMs at top offruit).

Whole c:ouuuocIityafta' removing and di.....uling
stona.

Whole c:ouuuocIity !nc:h>ding peel after it5DlJViui
and diotaullng aowu tiIIue and stalk.

Whole c:ouuuocIity afta' removing and di.....uling
obviouIIydecompooed IX" witbereda-.-.
_ or pill,lIbdIa orhuIb; ifCO'iiiiiO'Ilcy has
adheriDgamounlS oflOi\, .......- by lighdy rinsing
io iUiiiiiug water.

Whole c:ouuuocIity (gtaiu) euept I'm fresh aJI'D

(incIudiug sweet COiil). Indude kemeIs plus
cob after removing lIild ell.....uliog husk.

Whole commodil.)' after removing and cIiowding
ohd1L

EdIble ponion of the amuuvtil.)' after retIICJ'Iiug
and cIiocarcIing heads, laib, ICales.liIII. ¥iIc:a'a,
ho.- (ifioedible). and Itin (Ifinedible).

EdIble ponion ofc:ouuuocIity after iClWHiug
and diotanIiug lIhdII, giDa, and viIcaa.

EdIble pexlioo of...........,u'1 after iemoviug
and cIiowding gills.

EdIble ponion ofCC'4Dmodi'1 after removing
and cIiocarcIing heads, sbeIIs, and inedible tails
ofohrimp.

EdIble ponion ofmmmodi'1 iuc:IucIiug _Dey
(Iner) after iewoving and diotardingoheIIs and
IlOmlICbs (bard III: nearbead).

Edible ponion ofmmuuvtil.)' iuc:IucIiug the
liquor. after rem<>Wng and cIiocanIiug oheIIs.

Edible portion ofoommodil.)' after ......oving
and diotauliog bones.

:::a;101 102
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SECTION 102

Prill< !. ed Foock

In the m-nce of EPA regulations, IDA aIao dneJoped the ima1II:cioDs Iiatm in
Table 10%-b on the portion ofplllCelled food 10 be anaIyz.ed for tolerance enfon:e..
ment purposes. Theae instructions, like the ones for raw agricultmal commoditia,
ensure uniformity and consistency in IDA analJais of pro«: ~Red food fo!" pesticide
residuea. The instnJetiona take a praetic:aI approach for Ample prqJUaIion of
procesaed food; "K~ fruit juice concentrata that are normally reoonstibued before
con.!Jmption are aIao reconatituted prior 10 analJais for peI.k'« reaidnes. Theae
fore:

• FoUow the directiona in Table ION» 10 prepare tat aamplea ofpn- ! d
food&.

Table 1CJ2.b: Portion ofProcessfld Food to be An8IyzBd
for Aesticide Residues

102-4

Pn- n cd food lldllistingofoaeingredient
and told in a~furm ("10' canned
fruits packt:d in ayrup or IhcIr ownjuice.
canned~packed in_or
brine, or frozen fruits or oegetahles, dried
fruits, single«rengdljuic:ea, catsup)

Proc!, cd food C"OJIIjdjng primariIyofone
ingredient and aoId in a form ftqUiring
fortber preparation bdOre it i& RlIdy 10
eat ("I~ fruit juice conc:enlra/el, debydntcd
~ and powdacd potatoe&)

P.t" c'" ~ ~ food in a furm DOl RlIdy 10 eat,
1*das an iDgredientor component of "
other food ("I~ flour, IOIIIaIO concenlrala
such as~,and citrus oiII)

01eeae

AnIJpe the whale P c ~ CXIID-

modity jndqding any liquid or
otheredible media in wbich the
mmmoctity iI padred DiacanI incdihIe
maIia, ..,., brine. .

AnIJpe the whale p.' II CXIID

modityldlJer com......ling h or
recDiIIlillltin« 10 the "M'iIiMdlty'.
IliI!1Ila1 moi&ture con_I.

AnIJpe the whole po II aM&

moctity OIl an "as iI- ....

AnIJpe thewbole comnvw'Ity
i'ldudlng DaIDIlI1 c:heeae rind ldlJer
'-inc'and diIalnIing..-l or
oIIcd rinds.

ArIatpJe the edible pooticD after
thawing; diacud_.

AnIJpe the edible pooticD including
edible liquor and--. such 88 oil,
brolh, or oauca in wbich COIIUIIOdilJ
is packed DiacanI media diu is not

cdib\e.

ArIatpJe the edible ponioo of
commodi'J after RIIlOVing and
diacardingbone&.
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Laboratory samples are comminuted or homogeni7.ed dO that the relatigely uaaD
(25-100 g) test portion taken for analysia is repraenWiYe of me eJItire ample.
Meaningful residue daIa can only be obtained when sample rq»reseneation is
presened. Specia!ized equipment is employed to provide as much homogeneity as
poooible for !he particular et>mmodity.

The general procedure for comminuting me commodi" is:

• Comminute the test sample. prepared acconlng to Section 10! B cIftc.
tions.

• Use comminuting operations (grinding. ch . -.) that produce the
best pooaible homogenate for that comm~Choppingproc:edwes
adequate forftuilS and vegetables are ofteniDad~for hornogadzing
commodities such as dried hays and fish. See Seaion 205 cor useful
information about equipmeDt and procedures.

• After comminuting. handle the homogenate can:fully to minimi.. looo of
residue by wlahlhation and concentration at residue through ph,....
separanonofproduct.

Exceptions to the general rule occur In lIeftI'81 situationa related to c:ommoditr type
andspecial directions for the particularanalysis. Foreumple.~:r.CIorCllp8
from large quantides ofsmall units can be too dme COIIIUIIIinJ; • melting.
dicing. sIuedding. or blending a large unit of a food a;;n;;;;v;;" such as buuer or
cheese is impractical. The following procedureo are to be URd in these situations:

• When the commodity consists of smaD unilS (..g•• graiDa. cbenies, nUlB,
dried peas and beans). mis and reduce by QUUteI'lna: to apprnxiPNMely 4
lb or 4 qt. Prepare the portion ofconuniKlIty from ihio gnaller amounl,_
according:.~';Jpropriatedirections in Table IOZ... or 10!-b. Chop or
grind that . to obtain >llb or >1 qt comminuted sample.

• When me laboratory I81Dple COIldisIS of 1arF uniIo of oommoditiea at
homogeneous nature (..g.• buuer. cheese). prepare the test ample by
taking equal portions from each packapl unit. Select !he appropiabe
portion of et>mmodi" (for cheese. see Table 102-b) and comminute by
dicing, shredding. or bleJlding.

• When the laboratorysample c.'" ,j,•• oflarge bIocb,~ orwheelsof
cheese. take fraction shown as shaded area in FIJlUI'C 1024. Select !he
appropriate portion ofcommodity for cheese (Table lOZ-b) and c0mmi
nute by dicing, shredding. or blending.

Figln10h
Fr. ..1 ofa-lJniIa 1IJT_ far Cui. 'hi
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102~

102 D: HANDUNG SMA.ES FeR 5RDAL ANAL\"!rS

Analyses for residues ofethylenebillditbioc:arbamllta (EBDQ) requiR special baD
dlingoftheJabonuorysample.EBDQdecOlllpOlerapidlyaslOODasthec:ropsur&ce
is broken and residues contactwater. enzymes, and sugars (5]. Recwerics continue
to decreasewith time ofcontact inaqueous aop solution. Samples forEBDClIIIlllyIis
must either be analyzed immediately or &o%en £Or stotage.

Follow these din:ctiona £Or samples to be analyzed for E8DClI:

• Select representative unib £or EBDC amaI,-. prior to choppiDg, IPb wting.
or blending the laboratory sample.

• If the individual unill are small and fn!e flowing (e.g.. grainI, beam, ber
ries). mix _0 and llIke whole unill for anaJ,sis.

• If the individual unilI are large. llIke M!dp &om each uniL AnaJy.;
immediately or freeze immediarely after CUlling.

• If the commodity containa fn!e juica (..g., tDQIUMS. 8ppIcs. 0IlIIIICI) and
also requires cuning in pieces to fit into the l6gation apparaIDI, freeze
reprcserllame whole unitll before cutting. Dia: frozen unitll without a1low
ing them to thaw; mil: and Jake sample £or anaJ,sis.

102 E: FETENTl1N OF Re:B'hIEPGlIDlS

The £oDowing din:ctiona apply to aU tat sampIcs (i.... comminuJed mawial pre
pand from appropriate portion of commodity):

• Select three~llt poniona &om the total II8IDpJe hOlJlOlCDlllt, ideolilY
them, rcspectiveIy. as: "original anaIysls," "cbeci anaIysiI," and "C..he:

• Tale analytical tal poniona from the "originallllllllylis- and "c:hec:k.....,.
sia," as appropriate. and analyze. Store the "rcst:rve- portion in a &e!I r
to pnwide to the claimant if requested.

• In addition to their sample bClliIOgcnate. remaining ftactioas of ......
samples (..g~ bIoc:ks of cheae) must be retained in a manner that pre
venll decODlpolition of product and/or residue. This requires dw aD
products be frozen until findings of originallllllllylis have been .ctified.
The amount of comrnocUt.y retained ill guwemed by the eKJent oflllllllylis
required on the sample. However. in no case should pomona be <1 qt
each (or for products of high density. <1 Ib) for original, check, and
resene.

[1] 40 CFR 180.1(j)

[2] 40 CFR 180.157

[5] Cullen. T.E. (1964) AM!. CML 56. ftl·2!4
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103: METHOD APPUCATION IN REGULATORY ANALYSIS

103 A: IN,FVi7U:TDV

'The Pesticide Analytical Manual (PAM) is publiahed to provide auaIydcaI method-
ology for dezenniDation of pesticide residues in foods. Method applic:alioD in a
toler.mce enforcement program imposes cenain requiremenlB and nstriaiona,
and this section provides informaDon about IDA operations c:onceming choice of
method. identificalioD, quantization. and confirmation of residues(a). and do4:u
mentation of analysis. Procedures .....Wished to support enfOJ'a'ment Do apply
to analyaea that result only in monitoring data (ie.. nOllViolathe aampJea). to the
degree required in a program that fuI6Ds both needs. (When PAM methods are
used by other organiDriona for different purposes. e.g.. emrironmenlll1 monitoring
without JeKU1atory consequences, appHcalion requirements may vary Iiom those
expressed here.)

103 B: aoaa:AIETffD

To support enforcement action against a commodity, oripIal, check, and any
additional ana1yIea must be performed using official methods or methods __
by the analyst to support the validity of the resulL The following minimum evi
dence is required to-demonstrate that a method is valid for a particular anaIyIe in
a particular commodity:

1) Reagent blank analysis performed using reagenlB only (no commodity)
shows no detector reaponaea that could be mialaken for the anaIyIe.

2) HistoricaIorconcurrentana1yleaofaresidue-fn:eIotoftheaameorllimi1ar
commodity show no inlelfering detector reaponaea.

. S) Recow:ryofthe anaJ,te. added toa residue-fn:e aamp!e atornear the level
ofreaidue in theYiolathe aamp!e, is in the langdO·llO'J,. Ifaresidue-fn:e
lot is not readily available,~ determination may be performed on
another portion of the sample ofintelat by fortifYing itwith at least twice
the level ofresidw: found (e.g., add 2 ppm iforiginal analyIIis is 1 ppm).

Validation teata maybeperformedbyeither theoriginalorchedanalystandm_be
canied out concurrendywith analyIIisof~= ofinterest. The method1.-1 to
dezermine any illegal residue found in a co . for the tint time by a laboratorym_ be validated in this way.

Analytical methods may be taken from the following aourcea, in deueaaing Older of
preference:

PAIl

Analytical methods from the PAM are suitable for regnlatoryanalyaia. As specified by
regulation in the CFR, PAM contains the methods IDA .-ell for dezennining
compliancewith pesticide tolerances [1].Volume I methodsarecapable ofdetermin
ing more than one residue (multiresichx methods, MRMs) and are moeloften used
for routine anatr-Ds.

T_.... 94-1111941......__161921 103-1
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PAM 1 MRMs an: praented as choices of lIeftftl cDraction, cleaDup. and detemJi.
natM modules. At the beginning of each method ICCtion in ChaplPn 5 and 4.
method combinations that Juwe undergone interlabcmltory wIidation an: tilled.
Absence of a particular combination of moduJes from tIds listd.- not peiUlt III
use in regulatory analysis. but the =.must provide suitable IUppClI1ing evi
dence. as described above. that the CX'~ation is indeed wIid for me panicaIar
commodity and residue combinaUon.

PAM n methods are designed to determine """"_ of a lingle JM""iridr (lingle
residue methods, SRMs). SRMs are publilhed in PAM n for" Iftid_ oE all pesti
cides subject to EPA tolerances.. These methods, UIUaI1y from the parici:te u.n.
faccurer that petitioned for the toIeranc:es, ilia)' be lMed by FDA to 1aIFt mddnn
not determined by MRMa. SRMs are also meful for chec:k auaI,.es when a raidue
has been determined tint by an MRM, elIpc!' iaJl)'when a residue determined by all

MRM is mown to represent only part of the apa:ted residue oE a ........
pesticide. For aampJe. it may be mOWll that the MRM: does DOt oompIetdy reo
COftr the residue. or that the tolenmce clcfinition of the pettldde residue inc:IUdes
metabolileS not detectable by the MRM. In thelle cases, MRMs may detect the
presence ofa residue but further anaIJIis IIlUIt be performed using a PAM n SRM
to determine the total residue.

AOAC International maintains a IJ*IIl of intcrlaboraroIy leSting tbroush wbida
methods ,-ing the requiremeDlS are design....... "AOAC OOidal"; -r PAM 1
melhods Juwe undergone this procell and are AOAC 0I6cia1 for" ca1ain n:lkluel
coQUJ!Odity combinations. OtherAOAC ofIlclaI methods an: not included in PAM
but are acceptable for _ in IDA regulatory anaI,.ea; AOAC methods bage also
been designated in the CFR as methods suitable for" me [2]. In lIOIDe cases, the
AOAC melhod Is preferable; ,.g., AOAC method 971.19 [5]. official for
baacbl9robenzene and mireJ: in adipooe tioIue. is p..:relled 10 PAM I meIhod
!lO4. through which the two chemicals imolved are incompletely 1eCOided.

Otber P......wd MethodI

When imestlgational evidence sugestI that a oom~.:ee.COQIlIin a residue for"
which no PAM I orotber official method is acceptable. • methods from the
scientific litenIture must be sought. Use of IIlICb a method IIIUIl be~ by
documented eridence OfiD applicabiJity to the residue and commodity in 'J'M:IdoD.
in the bandsofthe analyst who performed the reguIatoryanalysis. ThereqwranenlS
described above are the minimum aa:eptable ISlUpponblg eridence.

Liquid-Dquid partitioning and colUmn chromatography deanup Itepe that wry
from eabJisbed versions only in the Ute of proportionately smaDer _IS ol
IeagCIlIS are usuaDy consideRd equivalent to lbe OrigInal; sW:b methods an: often
referred to as "acaJed.dowo" or "miniaturized" MiniaIUrizIed procedures that an:
publiahed, -.aIidated, and used routinely in FDA are included as method modules
in PAM I• ..,.• the 4 g Florisil column ofSec:Don SO! CI. devdoped. an a1leJDao
live to the 20 g colUmn. Certain other miniaturized ftniona of PAM I meIhod
modules Juwe not undergone validation. but analyses performed in tIds way are
considered adequate to suppon enforcement aaion and to _ equiYalcnt
~ of residues fur monitoring~ Extraction at.epI that involve smaller
sample weight and atractant volume bll'Ie nOl ,.,t been stndied sutJiciMldy to

,"
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endorse.h~ it is recommended that miniaturization be applied cmIy to IlqIS
subsequent to filtration of the original extract.

SECil....., 103

103 C: TfNTATIlIE CE1IITRJATOI

Application of methods in this manual rmtIlS in tentathoe identification of rai
dues based on the analyte's behavior marching that of a reference lWJdanL "Be
~ of the analyte refen to its recoweJy lhrougb methods, indudlng the eluate(s)
in which it elutes from cleanup coIumDs, its GLC or HPLC retention time. and the
raponse it eUcits from selectiw: detecton or detection SpieR.

PAM I tables list leSt rmtIts ofchemic:al behaWor throQgh various aualJtkaI poce
dures. The cables are provided to ~ly analytical chemists with informatioD
useful in residue identification. Typically, a sample is ana1yaIed by a p8lticuIar
method and the e:xtraet examined by one or more dell:rminaIne stqJL When a
GLC or HPLC response is recorded, the analyst JDealIlJI'eI the retention time oEthe
raponse. calculates a reJame re_lion lime. and mem to the~ PAM I
llIb1e (Lg., Appendix I. PESI'DATA; Table 4OSoa) to find cbem that elute at
that approDmate time. Detector response data and molecular formulas incJndrd
in PESTDATA offer further clua about which residue is Ukly to have eamed
raponse by the GLC element«1ective detector used. Other details of chemical

. bebaYior Jhrough methods provide the analyst with means to ,.6rninall: e:enain
candidall: chemicals from consideration and strenathen the case Cor othen; Lg~ if
the method included a column chromatographic cleanup SlI:p and more than one
eluate was used, only those chemicals known [0 elule in the perlinetlt elualI:
should be considered further.

In !DOltcases, this preliminaryevaluation provides the analystwith a Imitedmunber
ofpolI:DtiaI candidates for residue identification. A merellCC SlIooard IOIuIion of
each Iikly chemical is then chromatographed on the appropriate GLC or HPLC
system for direct comparison with the residue. In no circumstance is a table ofdaJa
alone adequate for residue identification.

The expet tile ofthe residue chemist is !DOlt aidcal during the detenninaIive IIlqI oE
the analysis. The chemist's=: of pestlc:Ide UAF and the chemistry and
metabolism of pesticides is . to the correct interpretation oE eftdenc:e.
FamiHarity with commonly encountered artifacts from cornmodilie:s, n::cents, and
environmenlal conl3Dlinants helps awoid incorrect conclusions.

103 D: H::::iUE QUANTTTATDI/

Quanlitalion ofresidues is considered appropriate when:

1) The level ofresidue in a commodity is quanlilated lICUIIding to I!aDdaI'd
practices.ofGLC (Section !ilK) and HPLC (Section 606). In addition;

a) Peak sizes of sample and standard match within i25CJ,.

b) TItDe between sample and standard injection is Sl hr; chr0mato
graphic sequence ends with a standard.

c) Replicate injections of standard and sample have been made when
determining difIicu1t-tod1romatograph residues.

103-3
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2) DirectiODl from Section 104 have been t"oIIolIed for _ming kwII of
related residues for purpoees ofdetermiDing oomp!ianc:r1lith n:gllllarioDl

1I) Determination CJCXWTed at conditio... that provided a Dmit ofquaoljtarion
as directed in Section 105.

103-4

Because anaIytic:aI pm eIIel are auI!ject to pewib!e enol' in intapRlalioD 01' mea
surement, confirmatory evidcnc:c IIlUIl be ete.eIoped to incraIe rnnfidmc:e in the
tenaame residue identifiaujon (Section lOll C). AIIempting to ddine minimum
confirmation reqWrementi that are adequale for eveIY lIInmioo ill impraclj. ,J
Inaread. a philoaOphy of confirmatory analyaa aDd dilrnwion ofceatain minimum
o::pectatiODl are presented.

The extent of c:006nDatory d£on ,.;n be influrnccd by the aipifio __ of the
1lIIIIp1e. nature and IeYeI of the residue. sampIe b1Itory.~ of the lIIIlI1yaia,
and practical considentio... such as time. COlt, nUlllber of otIIer ump'el... The
choice of COIlfirmatory proc;edurea dependa on the tentative identi1y of the peIti
cide. amount ofreaidne lI¥aiIable for teIliDg, sampIe lftJe. aDd -umDity ofinIbu
mentation requind for confinnatoly-.

The logic of D10IIt confirmatory acbemea retia upon preIUID)ltiw: e¥idroce; u.. it"
the behavior ofan unknown in a putkuIar anaIytic:aI feCImique ill the _ • that
of a reference atandard, it ia preaumed that they are the RIDe chemjcaI AD.'f
analytical teeImIque that JDelIlRHeS a sIng1e propetlJ ol an aDlI1yte nay ar in
~ between two chemicall that bC:bage the IIlIIIIe; ..go. two diIIeRut
chem!Cllh DIll)' have the aame GLC _tion time. To &Wid thia poa:ndal _.
either the anaIytic:aI tedmique IIlUIt inherendy m Ire more than one property
of the anaIyte or more than one~ leChnique IIlUIt be empIoped, eadI of
wbicb me IIreI a dilferent property. Fon-ing thia 1ogic, IDA. Iaboiatories aID
firm D10IIt residuea by one of twO approaches:

1) IDA. requirea that _ apt:clIODldrf (MS) be uecd to wnfiIw the identity
of any raidur: found for the lint time. Modem IahonIOria -IJI.-e
aca:sa to compact, higbIy automated .- speca__.. coufi&wecl as
either~ or ion trap detecton for GLC. Such inIti"". Dta are
capable. in lOme inltaDces. ofSimu1taneouIIr delec:ting., ,,-Ml--:J.mid
CXlUfirming the residue. etpe' iall)' when .efaence llarala. dB at; bIe.
F.non DIll)' Itill occur. hOWCiU. it" GLCMS ill opented in the .. iota
monitor mode. which iI DOt adequate to dlaiiuguilh between two cberni
ca1I that ehite from the co1umn at the lame time and are detecied at the
same m/'Z. For identification to be confirmed, GLCMS IIlUIt be opaated
by monitoIing at Ieaat three iooa (4].

FuD apt:clIWD MS on a high reM»Iution inltnunent IDIIf be requhecl for
fulllItiucturaI elucidaiion ofpreviOUl1y .midentified cbunkah Such"'"
lIeS UIUlI1Jy require reacarcb MS insttumenta, opented by ape' MM'I. that
offer aevelll1 different modea of ionization that DIll)' be needed for unam
biguous identifiaujon.

2) Reaiduea previoully reponed maybe confirmed by~~tedmiqua.
such as additional chromatographic anaIfsia (GLC orHPLC). with diflhent

I~



P r "Ie AnlIIltIc&I Manual Vol. I

columns, =J::::el, anellor detee:ton. ConfirumlioD of identil}' re
quires an . n ofcorroboraIiDg evidenc:c suflicient to prove that
the residue and reference standard _ in fiIct be identical beop-1hey
behave the same way in dif£en:Dt leItL Such evidence is provided br
measurementofadill'eRntchemicaJ orphysicalpropertyineacb_used.

Se~MRMs (Chapter 4) are designed to be lIJII)Iicablc to iClliclGo of a lIingJe
chemical type; the slepi of the method provide some built-in confinnatioD
because only residues with that chemisby are lUOfeied and dctenniDed. Other
available confinnatory analyses are referenced as part of these method dea:tiy
lions.

The GLC determiDatige steps iDcIuded with mullidaD MIlMs (SectIon !IO! 001
oo2S) offer a series of altel'Dlltifts that can be used • c:onfirmatoIy anaIJBes. To
the degree that a cktector is selecthe to a single elemen~or• its me inher>-
ently provides some confinDarory C'ridence during the· tenwhoe identifial:.
lion. Additional chromatography UIiDg other elemen d~ is idaI
for confirming a residue that contains appropriate demenIB For eD",,'Ie• ....,
chemicals contain both nittogen and phosphorus. othen both pbospboi1ll
and 1UIfur. Complemenwy evidence from pliOlphorus and Iu1fur ioode flame
photometric (FPD-P and fPD.S). NIP, and elec:lrOlJdc conductiYity nirrosaa mode
(EJCD.N) detee:ton, • shown in Table lOs.., can proridc escellent c:onm-ory
information.

Talie 1D3-B: 1nforrnItion Provided by Use ofl1IJmetJ&Se~CCit8
£:lsteetns

:::ECI~ 103

• ,+1
NIP
and
FJ'D..pI

• i"' S
NIP
and
FPD-P

Either N or P in moIec:uIe

N in moIec:uIe

No N or P in molecule

Large amountofS in mokaJIe
(wmywith FJ'D.S')

P in molecule; N abo I" IMiNe
(-«y N with Elc:o-N")

I ~tobothNandP
z .....,.....:Is to P; IIlJ'I" amDUDt <IS <all aIIo callie I'af'O'*
• raponds to S; praena: of' <all aIIo callie ..........

• rapondo to N only

103-5
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No detector is completelyelement~hoWCiU, and tIM: maIyIt IDUIt be-.:
of the potrnlial for faJse-posili¥e 1"C8pO_ IqIIacement of the reIatigeIy 1lOIIlIe
Iectne electron capture detector with elemenHelectige detccton~ de
wlopment of methods with minimal cleanup. These metboda are popular became
mey reduce analytical time and solventvolumes, and '-ause mey permit~
naIion ofraidua that are~ by tradilional column~ cleanup
steps (Seclion !O1). Howwer, extracts from such methods cootain relaliftiy IuJe
amounts of~ to wbicb even aeJecli¥e derec:tors may respond Columna
ofdissimilar polarity should be used with the various elemenHelecli¥e detedDn to
strulgtben confinnalion.

SpedaI precautions are neet J ry when decamining raidua in wbic:h nitr..... ill
the only element to which element«1ect1Ye deteCton rerpond Becm_ IIIlIIIJ
DODpeJdddal organonilrCJllUi chemkala occur namralIy in foods, chmJnah,,

from nitroge_lecli¥e derec:tors often diIpIay a pattern of JelpMBeS rdak:d to
the commodity beinR analyzed. Addidonal-coiium'ia and/or cleanup steps Ihould
be emp1o)'ed to conlIrm identification of residua found with nib..... detectoG.

103-6

Other techniques are available for conftrmation if chromatography with eJement
seleClivede_nisnot"PPllc:ableoravailable.ChemicalorphOtolydcclerivatimion
and lhin • chromatography are among thoR JIIOIt frequendy~

103 F: DOCUMENTATDV

FDA regulatory operations require that analytical ..-.b be ...- to wpport
e~n:ementaaions, ifnec:asary, in a counoflaw. The lIJIlJ1Jticalpw. ge-::::
nymgan:commendationforenfon:ementadion IllUltdemonstrue thatdle
ments described abmoe for samp6ng, sample bandJing, and ana1ysis June been met.
DescriptioDa of analytical operations IIl1IIt be doclImeared in a format readiIJ
undentaDdablc: to anodler residue chemiltand explainaNe to nODlCientillll. Tothat
end, FDA et'abJjshed the following minimum requirements fordornmentine anaIp
sa that support recommendaIions for enforcement action against food 01' feeda
became of the presence ofvioIatM: pestk:ide RlIidues.

Anaqtical reports for both original and check anaIJses _ JHowide ".,,,,,,,,,
infonnaliononthesampleandonsamplebandlingstepsused,.-n.thefollowing
analytiaI informadon:

1) Method refetence ormemorandum oflllllllysis, includingdeiuiplioaoflIIIJ
modifications made to the referenced method

2) M-.red weigh.. and volumes used for sample weight caIc:uIaIiona

S) Volume of final sample soIudon or eluate

4) Details ofresidue determinalion record

a) Sample solution/eluate idendty (..g., 6'; ethyl ether/petroleum ether)

b) Sample weight per unit volume
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c) Volume and sunple wdght equiYaJent inJe-d

d) Retention time or distance and retention time reIatige to Ihe marker
compound appropriate to Ihe aystem

e) Peak size; area or height for sample(I) and uandard(I}

5) Calculation ofresulta; IDlIY also appear oncbro~

6) Column and detector used for each injection

Each chromatogram IDUIt be labeled wilh identity ofaoIution, wIume mel -'Pt
injected, date, anaIyst'l iniliab, and time of in·ection. 11me is not required if a
continuous chromatogram is 1Ubmitted. The t'o~ cbromaropama must be
submitted:

1) Marker compound. ,«each coJumn.deteetor comNnariml ua. a dJro.
matogram of Ihe reference IWldud used • a lIIlIrUr compound for
1hat combination; it is preferabJe for additional n:faence IWldanla also
to be included in a mixed ltandard solution appropriate to the deu:nni
native step.

2) Sample and IWldard chromatograma used for quandtation

S) Iwyolherchromatograma (forbolh!!l!"lp1e mel Itandard) -00...... wilh
additional teItI to confirm identity ofIhe residue

0..'- ..,apIdc Data

The following information IDUIt be included on the chromatogramL (If a~
coDection aystem is ua. much of the required information can be anwmaticaDy
entered into Ihe chromatographic repon.)

1) Brand name and model ofcJuomatosrapb

2) Column: type, size, liquid phase, pIua solid support and perc:eIlIaF Io8d
ing for GLC packed column; coating identlflcation, film 1hio kH es,length
and internal diameter for GLC wide bore or capillary column; pading
identification,leng1h, and internal diameter for HPLC column

S) Temperatures: column, detector, injector, tranIIfer linea, fumacea, de.

4) Description ofiJYector and!or inlet aystem

5) Gas Oow rates and identities for carrier, fuel, JMII'B" mel make-up gases
(GLC); mobile phase, gradient ifapplicable, Dow rate (HPLC)

T.....- .... 94-1 (11841
"'"'" RIO 2SJ5o 181!ll'1
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6) Detector type. inclndingdaign, modeofoperatioo.aod ..-ilica rdaIed to
operation oftbe particulardetector, IUCh.. ionexcbaDF raiD, eIecuoIyte,
and electrolyte ffow rate of the e1eclrolylic: condw:tirity detector

7) Range seuings of electrometer. integrator, 1ineari2er, tIlL, along with perti
Dent detector voltages

8) Parameten for sipal mCllllUl'ement: recorder lIpUI and IIpeCd, inlqlltlOl'
settings, tIlL (recommended chart speed is I au/min or 6.5"/min)

FIef", '8I1C8S

[1] 40 CPR 180.161(c)

[2] 21 CPR U9

[5] 0jfieitJl MdItotls IfA~ (1990)15th eel.. AIIociation of 0ftic:ilII ADaIyIic:aI
Clemisu, Inc.. Arlington, VA

[4] Sphon,J.A. (1978)J.u-. OJ!. a-. 61, 1247-1252
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104: ANALYTICAL RESULTS

104 A: IV11'0VCIOV

'Ibree IepIII'lIIe but related responsibilltIes must be JDlID88'!d widlin my rquIarmy
program of aDlI1yses for pesridde raidues: (1) determiDaIion of raidue idealiq
and calculation of level, (2) n:porting residue identity and level, and (5) judging
whether the presence of that~ of residue is in compliance with rqulatjcww or
whether it wammm enforcement action.

The first responsibility. residue ideDtifi....tioa and c:aIcuJatioo. is a Identific eo
deawr treated in the remaining cbaptas of this manual; regularory requiaea_
for these operations were discussed in Section 105. ReganIIea of the~ of
the ana1yIis, the basic inattuctions remain the same. Appropriate app!ication of
Chapters , or 4 methods, combined with the JHeceplS of accurate quantilation
described in Se<:tions 504 and 606. wiD permit the chemist lO -.er lain the P
ence or abeence of particular residues and lO calcuJate the quantity of each reD
due present in the sample.

lIeJond the sc:ietttific endeawr. the DIe lO which analytial resuIm are put is widlin
the province of the organization IIpOIIIOring the wort. In this lIeCtion. current IDA
procedures for n:porting residues and determining compliance with pmraiIbq[
regu1ations are noted. OperatiODS are often dictaud by the needs of"the duat:
purpose IDA pesridde program: lO monitor incideace and levels of pesticide
residues in foods and lO enforce regulations concerning perrnilll"bility of these
residues.

104 B: It:'PD1II'D

In this context, n:porting the presence and levels ofJM"'ick'e' refcn to 1abonlory
entry of information inlO a computeriud data bale. FDA bas monitored residue
trends for more than 1lO J'C'llIS by reporting resuIm of aD ana1yses, inchMting thole
in whicb no residua were found, inlO a data system. Pertinent informatioD de
duced from accumulat£d data includes the decline in residue levels of peY i""e"t
chlorinated h}'dmcarbona in the~ foDowing their ban and the idenliq of
terminal residues in cIifli:rent commodity types. One JlOII1 of the raidue repor ting
.,.rem is to retain aD pertinent information obtained during the~ of tpe
cial interest is the precise idenliq of the residue. Al:rnrmdlted repor1B of residac
aoaIyIes are used to many questions about the prevalence olresidues in the
food supply; most prominently. the data are used lO prepare an annual repon of
residue'finding. [1].

The following ~rtingpractices haft ewhed over the~ lO produce the most
meaningful poaibIe data for agency interpretation:

Pardoa ofc- "'IItJ

The eDCt portion of food that is analyzed for pesticide residues is dictated by the
purpose of the ana1ysis. Se<:tion 102 refIeas agency procedures for the ponions of
particular commodities used in IDA regulatory monitoring. Once analyzied, rest
due 1ew:1s are caIcuIat£d and repomd baled on the euct portion of food taken
for analysis as indicated in Table 104-8.

104-1
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TBbIe 104-8: Portion ofComrtwJdiq for Cab""'*'" BIId RspaCiIfJ d
Residue l.BtJe/s

Raw agricultural commodidcs
Milk productsl

.Juice coneenlIlda or powdera
Qmeenaated/debydrated products
consumed "as is" orused as
ingredienca

I>eh,mated wgetabIes intended for
use ,gtorreconstitudon

Other procesled foods

Whole commodity as pn:pared for analyaiI

Whole product
1t«.oaIUtuted...
Whole product, "as is"

Calc:uIated equiwlentweight oforiginal
product before dcbJdration
Whole product

104-2

I IDc:Iudoa wboIe, '-fat, IUD...... other milk ..........~ that ftJ'OI1iDI _"1'_ ia wboIe milk
OIl the wIJoIe ... (elrec:tM 10/1/91) doa DOt <:1uuJ&e the way ci cIdermIDiDc 14 e wiIb
rquIatiooa r.... raid_ wbooe IOIennceo in milk an OD the fat ....

N8bIIe ofdie ReelDe

Residues are reported as the individual iIomer or c:ongener that ill idenriftrd IIDll
calailaled during the detmniDation. If the residue can be identified IIDll i1a lewd
calculated only by comparison to a mixed or .......nicaJ h,faence standard" the
residue may be leporled as such in the data SJIleIIL

ltaidues of polychlorinated bipbenyIs (PC8I) are calcuJated by compw...... to
commercial mixtun:s known as Arodon (Seaion SCM D). Levels are lepontd in
tenDs of the panicuIar Arodor(s) used as n:faalc:e IIWldanl.

R d1 ..Mr-lIIneddrr-tDed.d....... kd8wDPiocluct

Some lIDalyticaJ methods comen the tesidue{s) to a daitalhe or breabIown
product so that common determinative IItql8 can be UKd. In thae ClIIIeS, lIOIIIt!
comention must be estabIiIbed for reporting the raiducs. Spedfio insJanc:es of
this sinmtion are:

AdJk ... ,...,.. ltesiducs of adds and phenols are ..whaled to lespeuiwe
methyl csters/ethen by Section 402 method, to produce ch.....icaIs that can be
measured by GLC. Reference standard solulions are prepared from standards of
the ester/ether. ifavailable, or from sJaDdards of the acid/phenol carried througIJ
the procedure. Levels of residue are caJcuIated and reported as the acid or
phenol
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Ben .,.,1»pm tr Mella,.. ... Cwl-« ' (IOIC). Rajcbwe ofm- ben
zimidazole pesticides and~ residues are determined by Section 4Of. MBC,
the most common residue, 11III)' result from UIe ofbenomyI, which COD1'elU rapidly
to MBC; thiophanue-methyl, which COD1'elU IIowIy; or carbendazim, a fungicide
that Is the _ chemical as MIlC. Residues are reponed ac:mrding to -.mplioDI
made about the source of NBC found.

In abBence ofevidence to the conttaJy, a residue ofNBC iI_uned to rault from
UIe of benomyl. MBC residucs are quantiwed by compariIon to a rd"crence _
dard of MBC and the Jewel ronteIted to the equivalent benomyI bel, wbic:h Is
reponed.

HoweteI, if MBC and thiophanale-metbyl are both found in the sample, 01" if
in. t 'ipto'1 evidence \OOicitt,.. the counmodlty .. treated with tbiop~
thyI, the quantiwed Ie\od of NBC is converted to equivalent thiopJwuate.medJyl
and reported as such.

I'.IIDC8. Tolerances fur EBDOs are C"lIlllbJkbed in _ of pu1II per miJBon
(ppm) zlneb, one of the E8DCL Raidues of ERDCI are determined by methoda
that convert these: chemicals to carbon disnlfide, which is m JI"ed and calrnJ·.....
as zineb. This analytical approach pRcludea ideDrificuricm of which EBDC _
presenL By convention, FIiA laboratories repon levels found as "EBDC (identity
unlnown),- unless imesliplory evidence..- which of the EBDCa .. wed
on the product.

BeauR registraliona fur zineb hage been cancelled, .JPP"a of the chemical....,
not be awiIabIe fur _ as a reference standard. If nec ..". another EBDC __
IJtical SlaDdan:I may be U8ed and appropriate unoIeaJIar weight comaliua made
to permit reponing residues in _ of ppm zineb.

SIa.dlte".....ea

The level of each residue that appealS at 01" above lIS limit of quanlitation fur the
method is caJnjtated (Section 105 diacuIIes limit of quantiwion). R.......... are
calculated and reported in ppm. Unlea the quaIlty of the chromatography 01'

other W:ton neceailates £ewer aignificant tiguns, levela are reponed as rouo.:

~IOOppm

10 to 99.9 ppm

I to 9.99 ppm

0.010 to 0.999 ppm

to nearest ppm

to nearest 0.1 ppm

to nearest 0.01 ppm

to nearest 0.001 ppm

Residues that are deteaable by the method but present at lea than the limit of
quanlilation are reponed as "Tntce.-

T........ MIJ. 84-t (11941.....__16/921 104-3
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Coufia .....

ldendues of residues an: confirmed before rqMll1iDg. aaontiog to the priDdpIes
discussed in Section 105. Confirmation of nolwiolalhe ~1s of frequently fuund
residuesdo notrequin: confirmalion in ewrysample; frequency ofcoDfinna.....at
the discrelion of the laboratory.

104-4

104 C: CETERMINING CDMPLJA/ICE WITH FEGULATUtIS

For moDitoring purpoees, aD residua of the same pesriride are caJeulated lIIld
reported 8& individual chelJlicals For toIerance enfon:ement pmI'" • howeva.
the residue definilion 8& Itated in the parUc:uJlu' rqrdadoo applies; in lOme lint
alioos, not all residues are included in the total residue for cletamining c0mpli
ance with the tolerance. FDA'. Compliance Policy Guide [%J provides criteria that
mUll: be met to iniliate an en£orc:ement aetion for YioIathe pesticide raIdues
found in a food commodity. Directions included in this wection I moe tbat

titalion bas been accurately performed, lICCOIding to directioas in SecIioas
~and 606, and that indiridual residues~ been reponed into the data.,......
GeDeaI..for MnItL , Pedbee

Residues that consist of more than one Isomer of a technical paridde. « tbat
consilt of parent and degradation products, are added tIJIClIier to detamiDe
compliance with exisling tolerances, insofar 8& the degradadon producta are ill
eluded in the tolerance expressions of 40 CFR Parls 180, 185. « 186 [5J.

SpecWSi...•....

me. Detennlning compliance of residua of BHC • compIkated by the faa tbat
.,.sHe. also known 8& lindane. is maJteted 81 a IepIII'8le pesticide lIIld is also aD
isomeric: component of technical BHe. which may have up 10 • cli8ftent iIo
men. At one time separate tolerances for BHC aod for lindane were es«aNiIIwd.
lIIld the poFbo1ity existed that both might be used on the same comnwdity.
QurentIy, u.s. tolerances for SHC bave been revohd, but f"IidqH are ItiD fuund
in domestk: and imported commodities; U.s. tolerances for lindane remain for
-.aJ commodities.

When J'"idues of BHC isoInen are found in a Wtilli_'ltity. the quantity of CKh
isomer that is present is calculated against an indi9idua1 refaewx: """"'anI,
lICCOIding 10 the general principle; quantities of II, II. and 3 ilIomen are then
added together. If the amount of .,.SHC • <1/5 the total of CI+JS+3. the toIa1 of
the four isomers is considered 10 be a residue of SHe. If the y.iIoIDer is >1/5
the total of~ the amount in CllCCII of 1/5 (llI+fk6). CODIiden:d 10 he
lindane and the remainder of the T plus CI, P, and 6 is COIIIiden:d BHe. Appr0
priate regularory action • decided balled on these calndadoos

OJIClnlliDe, nep«...w..1Iq4 rHnr"'.1+ Two factors comp!icatr the residue
situation for chlordane: (1) chlordane is a muJticomponent mixture~ termi
nal raidue pattern varies COIIlIidenhly, and (%) one component of technical~
rdane is heplllchJor, which _ marketed 8& a separate pesticidoe. At lbe time when
both chlordane and heptachlor were registered for food use, the pmnbility existed
that they might be used on the same product. U.s. tolerances for bom chlordane



and heptachlor are DOW rewked, and _ raidua now OCCW' in 6lIb .. a result
of lingering environmenlal CODllIminalion. but the prooedures degeIoped during
the previous period still apply if needed.

Section 504 outlines the prescribed method for quantitating chlordane reskh_.
either agaiJIJt a technical standard or agaiJIJt indmdual reference IlaDdanIs, de
pending on the residue pattern. It also specifies that peab at the retention 00
of heptachlor and heptachlor epoxide can be included in quanlitation of chlor
dane agaiJIJt the technical standard, if thoee peaks are relatiw:ly IIIIBII.

Ifchlordane residues are calculated as individual terminal .....JellIes. they are -.Ided
together to determine tola1 chlordane. Ifmeasured againat a technical cb10nIane
reference ItaDdard, the calculated value is cousidered toIlI1 ch1ordane. In either
cue. heplllChlor and heptaehIor epoxide peaks are included .. put of toIlI1 chlor
dane if they are relatively small and in reBlIODlIb1e proportion to the rest of the
residue. Ifheptachlor and/or heptaehIor epoxide are much out ofpropmlioD, ..
shown in Figure 5()4.d, they are cousidered as llepIIl'ate residues. Appropriate rq.
JatoJy action is decided based on these calcuJaliona.

PCB&. ReguJaliona related to PCB residues eatahJjsb tolerances tor "PCIk; 80

compliance is bued on tola1 PCIk calculated, reganIJeaI ofwbich Aroc!or(s)
used as reference standard.

P , , _ of Man '111m 0- ......"'4te In certain casea, pestk'4es -abat CIIBC

related pharmacological ef£ects [are) reprded, in the ahIence of evidence to the
contrary. as having an addiliwe delelerious action" [S). Special rules for adding
together residuea in these categories may apply.

• " II CelA . II '- a DedWdl_ As deacribed abcJw: under reponing,
some resich_ can be quantitated only by methods that form a clcrivatift prior to
the dewminali¥e step. Compliance with regulations in thae cases depeDds CHI the
precise statement of the regulation and on imatigatoIy evidence related to the
particular sample. For~ purposel. the raiduc IeveI mUll be calrnlated in
terms of the cbemical(l) specified in the tolerance; If nec 'y. a c:omenion is
made.

Flsfa8lJC8S

[1] FoodandDrugAdministration (l99S)JAOACht. 71. I27A-I48A,and jX"lous
annual reports

[2)~ Polit:J Guide, Section 714U)2. Food and Drug Admlnistralion.
Rocbille. MD

[S) 40 en 180.S

9:c10i 104
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105: ANALYTICAL UMIlS OF QUANlTTATION

IDA defines Omit of quantilalion (Lq) as the~ kgel of raidue lbat caD be
quandwed by a giwm method and whOle identity caD be oonfinned in regulatory
laboratories operadngunder routine coDditionl. Lewels less than the Lq an: defined
as lrace.

When MRMs an: used, a separate Lq applies to each resicJu., determined by the
method because each represenlS a cIittemlt anaJytic:allituadon.

ThefoDowingfactorsmustbespedfiedinordertode6netheanalytlc:alsinpdou;oaJy
then can an Lq be calculated:

I) Analytical method UIed

2) Sample (1IIlIIrix) type

5) Sample weight equivalent introduced to the cIewmhwiw: step

4) SeDaidvityofthe detenninathe step to the lIIIII1Jte; lIeIISidvityildependeDt
on the following instrumenlal condlrions:

a) Determinative technique (In MRMI, the~ step iI UIUlIIIy
GLC or HPLC; operational parameten mUll be defined as pan oftbe
method deacripdon.)

b) Range ofanalyte weight that produces a linear detector respone

c) 0wmIII condidon of the SfIleIIl

d) AmpIificadon and/or attennarion of the detector sipal

e) Olaracu:ristics of the aipal proce-""I or RCOldiDg device

t) Cbromatograph1c dudon c:baracterisda ofthe analyte

1a;B: CAIOlATDII

FDALqs for each method an: aniftd atby (I) lpedf'tinga sampleweightequivalent
to be namined by the detel'Dlinatiwe step (the amount chosen must be OOIIi'llRrible
with long-term instrument liability); (2) c:IllIblisIIinRa rea.-1IIIDeft«kddeterminative
step sensitivity that is stable,~ and acbievable by aD laboratories; iIIld
(5) estab1ishing a response c:quiva1ent to IO~ offuB scale ddlection (FSD) on the
sigDal-processing device as the minimum c:onsIdered quandfiable and oonfinnahle.
FDAmethodsappliedacoording to these guidelines an: capableofanalyDngformCl8l
residues at levels well below established tolerances.

T,........ ND. 98-, 11Q197)
faom "'" 2lllI5o I&Ill2I 105-1
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Deter1JlinatiwsteplCDlitivityiseslabllshedbyu:wena: toa"madcrcompouncl"; i....
the instrumencal parameters are lKljusted to cu.e aspedfied i espoooe toa specified
quantity of the IIIlIiter compound. Thla approach maka it p«-J" Col' dift"eI'ent
Iaboilltories to achieve appromnateIy the aame Lq ew=n though the inlIUWDeilt
settings may be different for each. Lq Col' the IIIlIiter compouud can then be
calculated with the formula below for any panicuIar melbod. Lqs for an other
compoundsrecove~through the methodwiDwry aa:onling to the deta'lDiDaUwe
step aensitivirles for each.

With these guidelines establitbed, Lq Col' a method is caku!ated th_

ng 50% FSD,. ng analyte injected J[ III marW II""illM J[ IIJIIkrprV bcilbt
ng mader injeaed analyte peat. height

ng 10% FSD,. ng 5O'JfJ FSD/5

Lq ,. (ng 10% FSD)/(III( ........ ia!Jeded)

Round the Lq result foDowing the guidance for oigniflnmt flpra and iepoiliug
anaIytk:al results in Section 104,page 104-3. For geneaalpUlprml. aesuItsat 01"below
0.010 ppm are deemed to haw an Lq ufO.OlO PPID.

105-2

105 C: IMPLEAENTATDV

Guidelines for applying anaIyIical melbodo are required to provide tXT i e1iq
among Iaboilltoriea performing aeguIatoay analpeo. 0thenIiIe, _iarlo_ in the
amount of oample equiYaleut IJyecied and/or the IeDSilivlly uf the cktr:nninadve
step can canae clilferent Lqs in different laboratories. Lcp that rauJt &om fbi
lowing IDA guideliDes are adequate for the enfurc:cInent of toIeraDces ...... in
iDOIl cases, are oufticient to detennine resicIua below the toIennce IetelIO that
data on incidence and lm:1a of Raiduea in rooo. and CeecIs can be coJIec:ted

The foDowing mles are eotab1ished to mainlain c:rc:u.inent lAp among FDA Iaho
ilItories:

• EnaNioh the KDIitivity recommended In each delallliDalift..method
module (..g~ Section !102 DGI-DG12, llectioo 461 DU). Note that the
requirement for GC dctaminaIioID to be~ on columns of 100%
methylliloxane is in ef£ect III of W98 (October I. 1997); prior to that
rime, other DG modules may have been uoed to~ Lq.

• Injca a wIume ofexlnlcl COI.'llIiniDg the cquivalcDtwul'" wdght_
mended for each method (601., Secdoo !102, DelaD'inarion).

• 1£ one of the recommended sp«" lRrations abowe ClIIUlOl be~ 01"
ifchanging one is advisable for any i ! IlIl,.lIIljust the other JlUlIiiI':IeI' to
maintain the targeted limit of quanrlwion. llectioo 105 D describes fac
tors that may cause problems in tpedIic siOJarlons

Table 105-a Iiato examples of~ calculated &om the recommended
Ie _iabt equivalent and . step IeDSilivlly for particular PAM I:e'd:odI. The 6st is nOl exbauome but does iIIustnb: the way in which the Lq for

any method in PAM I can be calculated.
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105 D: FACltHS AFFECTf\IG TAFH:T LMTS OF QUANTTTA1DII

The foJlowiDg factors, individually or In combiDatioa. may n:dw:e the cenaInly of
quantitalion and!or identilkation of a residue In ltD)' spedfic analytial silua'iml.
They may also cause the Lq to dlf£er from the rec:<",,,,...nded limit defined by the
formuJaaboft, and byTable lQ5.a Measurea taken to compensare forone fadormay
trigger the influence ofanother.

1) DetermInatiwe step sensitivity to ltD)' particular residue. A distinct Lq
applies to each residue determlnable by a particular MRM, becat_ the
sensitivity of the deter1llinathe step to each compound may be diffen:IlL

2) Limitt:d detector IeDSitMty. Not aD Individual detectora are atp8bIe of
reaching the IeDSitMty aped&d; in IIICh CIICI, the Lq wID be higher
than wgered.

s) Greater deleCtor' aensilivity. I>irec:ticlm here recommend lIeDIitivity I7l
which detectora Itbould be opentt:d. even though some are atp8bIe of
greater sensitivity. Howeva, operation at conditioos that produce~
ommended sensitivity may sometimes be -.loded by other cIiIadwD
lage51n detector performance. For eumJ:,1IIl7DJ modeh ofum elec
tron capture detecton are not linear- at C:onditioDa that prnduce~
tivity of 50... FSD to 1.5 ng dtIorpyrifos, • Is recommended fur' adler
deteetnn; _ are linear-, hClWeftr, at condltiOll8 that produce sow. FSD
to 0.15 ng ch1orpyrif_ The rules in sectioD 105 C spedfy m.t, In thiI
situation, the lalioratory should operate at the greater IeDIiImty In 01'"
der to wort In a Jlnear J'l!DF, then proporoonatdy n:dw:e the wr:i&ht
of sample equivalent irgccted In order to maintain Lqa coM hle17' with
thOle achie'ved by other Iahoratories.

4) OdJer impIow:m~rll.that aIFed cletBmInatift step. Wide bore eapo11ary
GLC columns (Section 502 C) permit artalytes to dtm: In a tighter banci
than was possible with packed column c:hrornarotJnphy. When de__
response IS measured In terms ofpeat helgltt, use of capilJary com
n:suI1s In an apparent improvement of ?ltllp' ,,_. Injecdort. of a IIDaIIer
amount of equivalent sample•• directed In Sec:tioa 105 C, Is lIflIlIOIl&
are and, at the same time. benefidal to the IoIlpi1y of the column.

5) Ere 'oc InterfererKes &om Ample Q)·dLlradi:w. 1DteIft:raIces rr
sample c:u-extladiiICS raise the Lq ofa method by mW1ng the deteaor
rapome to the residue or bypretoenting Injection of the~~
equivalent without undesirable damage to the system. ·tioDal pr-oc:e
dun:s to clean up the lIlIDlple ea.tJaet prior to cIetsrrtInatioD may im
JH'O"I' the Lq by r'ICDloving these Interferences.

r....- No. ., flQI97J
F<nnRll_lBI92l 105-3



Table 105B: Examples ofMsdIOd~ Used to
Ca/culste Lqs
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I Parentbetic:al coda jndjca... !be d CK t" w.-lin Jbe GLC detallJiDaJhoe ......
I Ngmarta"compoundthat~cIeIlecuwle1JO'lM'of~FSD;wbelereoiohes ...,eKd

by !be method are dllIittWI from Ibe muter lXI8lpOl1llCI, weiFt of......p&e laI'gel ...
c:auaed~ JlSI) 10 aIoo Iisled.

5 CakuIared by formula in Sealon 105B; _ that lKDIitmty ill di'tidod by5ID pn>dua:.
causing 10% PSD.
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