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401: METHOD FOR N-METHYLCARBAMATES

BASIC REFERENCES
Krause, RT, (1979) J. Chromatogr. 185, 615-624
Krause, R.T. (1980) /. Assoc. Off. Anal. Chem. 63, 1114-1124
Kranse, R.T. (1985) [ Assoc. Off. Anal Chem. 68, 734-741
GENERAL PRINCIPLES
N-methylcarbamate insecticide residues, including carbamate metabolites, are ex-
tracted with methanol. The extract is cleaned up by ing and column
chromatography on a charcoal/Celite column. are determined
with an HPLC system ot‘arcmu (RP) colummn, post-column
hydmlynanddmnunuon. resultant derivative with a fluo-
rescence detector.
Variations in the determinative step may be used for additional residues not of the
structure.
APPLICABLITY
Consult Guide to PAM I for additional information pertinent to the appropriate
application of multiresidue methodology.
Method is applicable to residues with an N-methylcarbamate structure in either
nonfatty or fatty foods when determinative step includes hydrolysis and
derivatization. See Table 401-a, following method for chemicals tested
through the method.
Method to fluorescent residues when post-column
is applicable to naturally 4ﬂllri'mlyli

and derivatization are not performed. See Table 401-b, following Table
Certain commodities, £.g., oranges, contain naturally fluorescent co-extractives that
interfere with analysis.
Limit of titation is 0.01 carboforan moisture products (fresh fruits
andvegem)andabmo ppmindly;:n?;s. ¢

REFERENCE STANDARDS

Dissolve reference standards of N-methylcarbamates in methanol to produce con-
centrations of 1 pg/mL. Store solutions in actinic glassware, and keep in refrigera-
tor when not in use. Most carbamate standards stored in this manner are stable for
several months. However, methiocarb sulfone and sulfoxide degrade within hours

and days, respectively, even with stated storage precautions.

STEPS OF THE METHOD
Extraction (E) Recommended Use
El (p.401-3) Exuaction with methanol high moisture products
E2 (p.4014) Extraction with methanol, reduced low moisture products

sample size |
Clessup (C) E

C1 401-5) Two ° all
©A05) o comveoal/Colie column s T
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M Determination (D) Recommended Use
DL1 (p.4019) HPLC, post-column hydrolysis and N-methylcarbamate
P derivatization, fluorescence detection  residues
DLZ (p. 401-13) HPLC, fluorescence detection namurally finorescent
® residues
Fgure 401
Mathod for N-Msthyicarbameates
w
/%
ja—
A
r N\

<

chemicals
VALIDATION
The following combination has undergone interiaboratory validation and is recom-
mended for use:
El + Cl +DL1
Validation report:

and oxamyl in grapes and potatoes.
AOAC official method reference: Official Mathods of Analysis of the AGAC (1990) 15th
ed., 985.28,
et
- Tronowinal Ne. 941 (1/84)

4012
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E1 EXTRACTION WITH METHANCL
Reference =)
Krause, R.T. (1980) [ Assoc. Off. Anal Chem. 63, 1114-1124
Principles
Residues are extracted from high moisture (>75% water) with methanol,

found to be the most cffective extractant for N-methylcarbamates in tests using
radiolabeled materials. The filtered extract is concentrated with a system that permits

_ of the i int methanol without heat-
mraﬂ_on relatively high boiling point destroying

Apperanms
Buchner funnel (Buchner), porcelain, 12 cm diameter
evaporator, vacuum rotary with circulating chilled Iiquid (see Figure 401-b).
Mammain 1+1 wawr/l;dl{:lene ;ohﬂon in colls and around
receiving flask at —15° C with 1/2 horsepower cooling unit. Insulate con-
denser with Styrofoam or other material. Control evaporator vacuum with
vacuum pump and gauge; manometer may be used but is not preferred.

filter , Sharkskin, or 597

SES, to fit Buchner Roure 401-b
%mmd—bom(v-b),!l..'!‘ Veouun Rotary Evaporetor
homogenizer, Polytron Model

PT 1035, with PT 35K gener- St

tor containing knives, head
equipged with metal (not

Teflon ‘lﬁlﬂg Manometer

homogenizer jar, fourside, Metar

glas, 1qt

magnetic stirrer, star, 10 mm di- Pemg

ameter X 8 mm height 2 - ’ : :
vacuum filtration fiask, 500 ml. -

Owatass  Omily
methanol, distilled fromall-glass  To remows higher boling soivents from sohutions
apparatus conteining hest-ehils residuss. Water/stiylans

givcol at -1%" C cools receving Saek of rotery
Directions sveporstor and (ineulatad) eveporetor ocon-
* Add 150gchopped Moy donmer.
ture product andhgo mL
methanol to homogenizer jar.

* H mixture 30 about half. of 7) and then 60
mw secat speed (setting of 7)

¢ Vacuum filter homogenate through Buchner fitted with filter paper and
collect filtrate in 500 mL vacoum filtration flask. Reduce vacuum during

filtration if filtrate begins to boil.
¢ Transfer portion of filtrate equivalent to 100 g ssmple to 2 L r-b finsk.

401-3
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mL water
volumelOOgnmple-To—o———+200mLmetbmol-10mLounutﬁmw
g sample

¢ Add encugh water to r-b flask to total 100 mL water.
¢ Add star magnetic stirrer to r-b flask. Piace 250 mL trap on 2 L rb flask

and attach t0 vacuum rotary evaporator.
oGlullameteﬁ'lguamd -15° 1+1 ethylene through evapo-
oondennng ( C)(:egei‘:l:/ﬂakat-l C by immersion in
refrigerated bath.
. slowly to minimize frothing with needie valve.
mmﬂmmml:;pﬁed,doﬂyphce‘ﬂzk water bath. Con-
centrate extract to 75 mlL.
ALTERNATIVE:
E2  EXTRACTION WITH METHANOL, REDUCED SAMPLE SIZE
)

Redwednmpledzepemﬂu amount of solvent to extract residues effectively
ﬁ'omlowmomepm:hm(g?;m)

Directions

¢ ProceedasinEl, extract 75 low moisture with 300
Fro except g ground product

¢ Transfer portion of filtrate equivalent to 50 g sample t0 2 L r-b flask.

mL water
vnlumeSOgsmpk--go—s———+200mLmednnol

e Continue as in E1, "Add enough water to r-b fiask to total 100 mL water."”

401-4 TP e PO Stese (8008
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C1 LIGUIDLUIGLID PARTITIONING AND CHARCOAL /CELITE COLLUMN
Reference
Krause, R.T. (1980) [ Assoc. Off. Anal. Chem. 68, 1114-1124
Principles

Residues in aqueous extract are transferred to acetoaitrile by liquidliquid
ing in the presence of sodium chloride. Co-extractives are removed the

acetonitrile solution by partitioning them into petroleum ether, which is discarded.
Residucs are partitioned from acetonitrile into methylene chloride.

chloride solution is cleaned up on a charcoal/ Celite column, and residues are

with toluene/acetonitrile.

Appsratus
chromatographic column, 22 mm id x 300 mm, Teflon stopcock, coarse
porosity fritted disc
chromatographic column, 25 mm id, plain
CVAPOTator, Vacuum rotary, as described in E-1
flasks, round-bottom (r-b), 250 and 500 mL, 1 L, T24/40
magnetic stirrer, star, 10 mm diameter X 8 mm height
separatory funnel (separator), 250 and 500 mL
vacuum adapter, side arm, with T24/40 joints

Reagents

magemgiuih,dkﬁﬂedﬁomaﬂghwm&mﬂﬁum
Celite 545

Eatman Kk, Gat Mo 118 04t 7 o0 Corp. and from
144 (w/w) charcoal/Celite, combined afier each is prepared as directed
below; mix thoroughly and store in sealed container
dichiorodimethylsilane

giass wool, Pyrex

hydrochloric acid, concentrated, reagent grade
isopropanol, distilled from all-glass apparatus

methanol, distilled from all-glass apparatus

methyl red

methylene chloride, distilled from allglas apparatus

petroleum ether, distilled from all-gias apparatus

sodium chloride, reagent grade

2% (w/v) sodium chioride/water

20% (w/v) sodium chloride/water

Traraminal No. 94-1 {1/84)
Farm FOA 28050 18/90]

401-5
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sodium sulfate, A Section 204 for han-
ing anhydrous, granular, reagent grade; see

toluene, distilled from all-giass apparatus
chuant: 25% (v/v) toluene/acetonitrile

Preparation of Silanized Celite 545

Shurry 150 g Celite 545 with 1 L (1+1) hydrochloric acid/waser in 2 L beaker,
mﬁ&iz&hghn.mdsﬁrmeduﬂywbﬂeboﬁng 10 min.

Cool slurry, filter, and wash with distilled or HPLC grade water until filtrate
is neutral,

Wash Celite with 500 mL methanol followed by 500 mL chiloride,
and then air dry Celite in hood on watch glass to remove

Transfer Celite to 1 L glassstoppered )Erlenm:;ﬂaﬁ.l-leumnp-
peredﬂmkinl!O'Cmmigbtm(ﬁ.thenoool in desiceator.

Place flask in hood and carcfully 3 mL dichlorodimethyhilane onto
Ereliu. Stopper flask, mix well, and let fiask remain at room temperature 4

Add 500 mL methanol to flask, mix, and let stand 15 min.

Filter silanized Celite and wash with isopropanol until neutral.

Air dry silanized Celite in hood to remove iopropanol.

Dry silanized Celite in 105° C oven 2 hr and cool in desiccator. Store sila-
nized Celite in g-s container.

Test Celite for total silanization with two tests. Place about 1 g Celite in 50 mL.
water; silanized Celite will float. Place second 1 g Celite in 20 mL woluene
saturated with methyl red; silanized Celite will yellow. if partides of
Celite are dispersed in water and/or appear pink with methyl red/toluene
solution, active sites still exist on Celite; repeat silanization.

Purification of Charcosl

Slurry 100 g Nuchar S-N with 700 mL hydrochloric acid, cover with watch
giass, and stir magnetically while boiling 1 hr.

Add 700 mL water, stir, and boil additional 30 min.

Cool shurry, filter, and wash with water until neutral.

Wash Nuchar SN with 500 mL methanol followed by 500 mL methylene
chloride, and air dry Nuchar S-N in hood to remove solvent.

Dry Nuchar $-N in 120° C oven 4 hr. Cool in desiccator. Store Nuchar SN in
g container.

Testing of Charcoal/Celite
. ]l::pandummoohmof(lﬂ) (w/w) charcoal/Celite as described be-

methanol solution of 5 pg/mL each carbaryl, methiocarb, methio-
sulfoxide, and methomyl. Un&u:lzlmmedmhedmndudnh-
tion; methiocarb sulfoxide degrades in ion.

401-6

Trovesninal No. 84-1 {1706
Form FOA 3000a 1B/92%
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. 5 mL solution into 250 mL rb flask and 5 mL into 25 mL actinic

¢ Dilute solution in volumetric flask to 25 mL with methanol; use as HFLC
reference standard.

¢ Evaporate standard solution in r-b flask just to dryness with vacoum
eupmmshaibedhebw.mumofmethmolhu
remove r-b flask from evaporator and dissolve carbamate residue in 10 ml.
methylene chioride.

¢ Transfer methylene chioride solution in r-b flask to prepared adsorbent
column and elute as described below.

¢ After evaporation of eluate in r-b flask, dissolve residue in 25 mL methanol,
filter aliquot through filtration device, and quantitate recovery of carba-
mates as in DL1. Nuchar S-N is considered satisfactory if recovery is 295%.

Directions

Partitioni

¢ Transfer concentrated extract from E1 or E2 to 500 mL separator con-
taining 15 g sodium chiloride. Shake separator until sodium chloride is

o Wash r-b flask with three 25 mL portions acetonitrile, transferring each o
500 mL separator; shake separator 30 scc, and let lxyers separate 5 min.
¢ Drain phnhmzmmLﬂnmmmsomLminﬂe.

shake 20 sec, let layers separate, discard aqueous layer.
. gammmwl:mm&mmm
scparator, sec, Inyers scparate, transfer aqueous
solution to 250 mL separator.
. wmmwmmmmmmwm

e Add 100 mL ether to 500 mL. separator, shake 20 sec, let layers
separate, and drain acetonitrile layer into second 500 ml. scparator.

¢ Transfer acetonitrile in 250 mL to first 500 mL separator which
we&mm sec, let layers separate, and transfer

itrile to second 500 mL separator.

» Add 10mL acetonitrile to first 500 mL separator, shake, let layers separate,
and transfer acetonitrile to second 500 mL separator, Discard petroleum
cther layer.

s Add 50 mL 2% agqueous sodinm chioride solation to acetonitrile in second
500 mL separator. Extract mixture successively with 100, 25, and 25 mL
methylene chloride, shaking each 20 sec (shake 25 mL portions gendy).

¢ Drain lower methylene chloride/acetonitrile 22 mm id
column containing about 5 cmsodium sulfate. cluatein 1 Lr-bfiask.

o Add star magnetic stirrer to r-b flask. Place 250 mL trap on 1 L r-b flnsk and
attach to vacoum rotary evaporator.

* Circulaterefrigerated (~15°C) (1+l)vum/edlylenegl’wlﬂuwghﬂlp0-
rator condcnsing coils; maintain receiving flask at ~15° C by immersion in
refrigerated bath.

Tranamistal No. 84-1 (1/84) 401-7
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ﬁuhmgz regulating with ncedle valve.

wﬁ:ﬂmn in.’b"thuh.

o Rmmenbﬂskﬂomenpmhnmedhmumdm
have evaporated and add 10 mL methylene to rb flask.

Charcoal/Celite Claanup

¢ Fit one-hole No. 5 rubber stopper onto tip of colamn
with add side-arm vacunm adapter and 500 fiask, open

and connect apparatus to vacuum line.
. mosw%qumf&%mSg
te mixture, again. cm on

top of adsorbent. i Phg

¢ Prewash column with 50 mL 25% toluene/acetonitrile eluant. Close stop-
cock when prewash solution is about 0.5 cn from top of glass wool.

* Disconnect vacoum, discard solution in rb flask, and reconnect finsk o
apparatus.

¢ Transfer 10 ml methylene chioride extract from partitioning steps to
column and ehute column at 5 miL/min.

e Wash 1 L rb flask with 10 mL methylene chloride and then with 25 mL
cluant. Transfer each separately 10 column and elute each to wp of glas
wool before adding next solution.

e Add 100 mL cluant and elute column at 5 mL/min. Turn off stopcock
when top of eluant reaches top of gias wool.

* Evaporate solution in 500 mL rb flask just to dryness RO ewp-
orator as above, Remove flask from evaporator i after all solu-
tion has evaporated.

. lmmedhtelypipetmemethanolintoﬁﬂOer-bMtodhohetd-

¢ (Cleaned up extract contains 20 g sample 'mL solution for
mnmn'eproducumdmgnnq:le 'mL solution for low
ture products.

401-8 e o ]
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SECTION 401

DLT HPLC, POST-COLUMN DERWVATIZATION, FLUORESCENCE DETECTION

Reference

Krause, RT. (1978) J. Chromatogr. Sci. 18, 281-288

Principles

Residues in methanol solution are on a C8 reverse HPLC colomn
using acctonitrile/water gradient phase. Residues from the column
are inline to methylamine under alkaline conditions. Methylamine is

reacted, inline, with ophthalaldchyde and 2-mercaptoethanol to form a
fluorophore that is measured by a fluorescence detector. This post-column
derivatization-fluorescence detection determinative step is very selective for residues

Appearstus
filtration device for solutions, 10 mL with Luer-Lok tip, fitted with
cither (a) 13 mm diameter Swinny steel filter holder and 13 mm

diameter filters, 5.0 pm LS-type, or (b) disposable membrane filters, 13 mm
diameter, 0.22 pm nylon membrane, encased in polypropylene.
(Preassembled

devices that do not require a syringe are also )

HPLC 401-c) must meet testbelow.
syuem(%un <€) system suitability Complete

1) mobile phase delivery system, programmable HPLC gradient system
2) injector, automatic sampler with 10 pL injection loop
8) guard column, stainiess steel, containing 25-37 pm pellicular C-8 or C-18

4) column oven or heater

Fgure 401c

HPLC Systam for Datarmination of N-Metiwiosrbametss

Watar Acwonirie

o> NeCH ‘m

Guard o ! 100 C

m < 2Som

i —> g i g
=

401-8
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5) malyﬁaloolumn.zsmxl!.ﬁmid,mn ining 6 jtm Zorbax C-8 spherical
particles. Column packing should consist of 5 or 6 jum spherical silica
particles bonded with monofunctional octyl silane reagent to form mono-
molecular bond.

6) conn wmbing, No. 304 stainless steel (1.6 mm od x 0.18 mm id) o
oconnect , column, and first tee

7) postcolumn derivatization unit, as shown in telescoped of
401-b. Units used during collaborative study of m-cm
from the following parts:

a) mu;infor‘;odium 'h;n%omumcmmeo
cm X 25 mm id glass cfion fittings; pressurise rescyvoins
with nitrogen adjusted to create appropriate reagent flow. (Pumps
canbembniuip;’dforniu'ogmpm)

b) 6mx0.5 mm id Teflon restriction coil, to connect each reservoirto 15

cm X 0.18 mm id stainless steel which in turn is connected to
0.74 mm id stainless steel mixing tee (Valco Instruments Co., Cat. No.

ZVT-062) for connection to flow of mobile phase

c) carbamate chamber, stainless steel 3 m x0.48 mm id
No. 521, to fit in small oven capable of constant,
uniform 100° C

d) reaction tube, 25 cm stainless steel tubing between tee that delivers
OPA-MERC solution and 1.5 cm % 0.3 mm id detector cell tubing

Commercial post-column derivatization units that these compo-

mummmﬁmumﬂmmmm
ments, Waters). Systems with dual piston pumps are preferred.

8) fluorescence detector, dual monochromator, equipped with 20 pL. cell

9) recorder, strip chart recorder or computing integrator compatible with

Reagents

acetonitrile, UV grade distilled from allgiass apparatm. Before use, degas
acetonitrile in giass bottes by applying vacaum and slowly stirring with
mﬁcaﬂrmSnﬁn.Aumnibt{ﬂeoﬂlummcydemmehn
nonreproducible peaks in chromatograms.
2-mercaptoethanol (MERC), 98+%

methanol, distilled from all-giass apparatus

o-phthahldehyde (OPA), chromatographic grade
ndhmbamhﬁu'whﬂfaz,o.gsl:ﬁddl&l AgSLgndeaodiumm
abe (Na_B.O.» shout deg-edln’lﬂgltle
water 0 Lvolumeuf’ﬂnk. e’uﬂukhmhdnodholwndﬁm
tetraborate, cool to room temperature, and dilute to volume with

HPLCgrade water. Mix well, but gently, to minimize re-incorporation of air into
sodium hydroxide solution, 0.05 N. Prepare clear supernate sodium hydroxide
as follows: to one part sodium hydroxide (reagent quality containing <5%
sodium carbonate), add one part water and swirl unal solution is

Stopper and set aside until sodium carbonate has settled, leaving clear

401-10

Trenominnl 3o, 841 (1/94)
Form AOA 2508 8790
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(about 10 days). ﬂmLchrmpmmsodimhnhuldchmlOﬂmL
volumeu'icdﬂq:k tovolume with water and mix (5 N sodium hydroxide).

Pipet 10 mL 5 N sodium into 1 L volumetric flask. Dilute to volume
with degassed HPLC mdmixweﬁ,butgendy to minimize re-

pmoedmtmmbe}m.Cgp;e.h(‘Wm’:hudoanotqndfy

HPLC grademelmdilﬂllednmer)
OPA-MERC reaction solution. Weigh 500 mg OFA, transfer to 1 L volumetric
flask, add 10 mL. methanol, and swirl to di OPA. Add about 500 mL 0.05

M sodinm borate buffer solution and 1 mL 2-mercaptoethanol. Dilute to vol-
ume with sodium borate buffer solution. Mix well, but gently, to minimize re-
of air into solution. (Borate solution purchased in plastic

incorporation
bottles or low purity grades of OPA cause excessively
M)mummﬁwzm'he:%:ordnm

temperature, about 1 week when stored in refrigerator or under helinm.

Syltan
m:nobneplnuﬂmmm 1.5040.02 mL/min with 50% acetonitrile/

. flow rates of 0.05 N sodium and OPA-MERC reaction
ion to 0.5040.02 ml./min each. column oven at 35° C and
hydrolysis chamber at 100° C.
¢ Setfluorescence detector excitation and emission wavelengths to 340 and
455 nm, , and slit widths to 15 and 12 nm, respectively. Set
detector photomul tube gain to low and time constant to 1 sec.

e Equilibrate 10 min with 12% acetonitrile/HPLC s
nmple mmwmmmtmmmm

. mﬁvuy.oummngmbofmn hd&gﬁgﬂﬁnn&

mahouldehm:auhmml’igurewl-c.

* K ﬂmhwﬁmﬂmmmmﬁkm

methanol and pump through system.
WMCWMMMMMMW

and associated tubing with water, then methanol. When starting system,
change mobile phae to HPLC grade water, and wash reservoirs and
associated tmbing with water before adding reaction solutions.

System Suitsbility Test
mm&mwmmmmmm
¢ Prepare mixed standard solution containing 1 pg/mL each aldicarb sul-
foxide, aldicarb sulfone, carbofaran, and carbaryl.
» Chromatograph solution, using HPLC system described above.
Retention times will be about 6.5, 8, 20, and 21 min, respectively.

Tranarinai Ne. 54-1 (1/84) 401_1 1
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ALTERNATIVE:
DLZ2 HPLC, ALUORESCENCE DETECTION M
Reference
Krause, R.T. (1983) J. Chromatogr. 255, 497510
Principles

Residues in methanol solution are separated on a G8 reverse phase HPLC column
using an acetonitrile/water gradient mobile phase. Naturally fluorescent residues
cluting from the column are detected and measured by a fluorescence detector.

Directions
¢ Setup and operate an HPLC system in the same manner as DL1, except:

operate hydrolysis chamber at ambient temperature.

set detector excitation and emission wavelengths at 288 and 330 nm,
respectively.

turn off pumps or nitrogen flow that add sodium hydroxide and OPA-

MERC reaction solutions to mobile phase.
¢ Perform determination as in DL1.
CONFIRMATION @’
Confirm tentative identification of naturally fluorescent residues by wing D12
See Table 401-b for list of chemicals for which this confirmatory step is
ate. Unexdnﬂonmdaniﬁmmhgthlﬂ:nmopﬁmmﬁorrdd?m
Confirm N-mcthyicarbamates that include final
phenolic structure brh!iealns

extract into HPLC _Ipm(-oolumnhydmlpbdemochmﬁul
duaibedmxmue,lt. {1988 442 358.348. This method is based
muﬂe/ﬁugrmhﬂephmaduumdam.ﬁ

inline dilute sodivm hydroxide at resulting are
mulwuhemﬂomuicelecuochemhldemT md.
with six carbamates (bufencarb, carbaryl, carbofuran,
nopmarb,andmethiomb)andfmnaops(appleqabbtge,mandm

P R GRS B 401-13
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SECTION 402

402: METHOD FOR ACIDS AND PHENOLS

BASIC REFERENCE
Hopper, M.L. e al (1992) J. AGAC Int. T5, 70'7-T13
GENERAL PRINCIPLES
Acidic and olic residues are extracted from commodity acidified with sulfaric
aadbywng::chniquudicnmd the of . The extract is cleaned
concentrated extract

Consult Guide to PAM I for additional information pertinent to the appropriate
application of multiresidue methodology.

Method applicable to a wide variety of and nonfatty foods; several different
- aremi;bleﬁorthediﬂ’e?::tfoodm GPCumnu

extraction sieps
practical when alarge umberd'nnlm
designed for c?llomp?:mmy hsbeenfoundapp&ﬂiema of
addicandphenolicmaduu.SeeTableMa.ﬁoﬂowingmcﬂnodduuipdon.for
pesticides and metabolites tested through the steps of this method.
REFERENCE STANDARDS

Use reference standards of methyl esters/ethers of acids or phenols, if available.
Otherwise, use siandards of the acids/phenols methylated through Cla and cleaned
up through C1b. Prepare stock solutions in acetone.

STEPS OF THE METHOD
Extraction (E) Recommended Use
El (p.4023) Extraction with solvents from animal tissues, dairy prod-
acidified, denatured products ucts, fats, and shortenings
E2 402-7) Extraction with acidified methylene fruits, vegetables other
P 402) chloride than legumes, and
beverages
ES (p.4029) Extraction with acidified methanol legumes
E4 (p.402-10) Extraction with acidified water/ grains and cereals
methanol
E3 402-11) Extraction with acidified methanol and
P ) sugar and high sugar pro-

ES (p.402-13) Dimolution in methylene chloride/  wegetable oils
E7 (p.402-15) Extraction with acidified methylene  water
chioride

Cleanup and methylation (C)

Cl (p.402-17) GPC cleanup, methylation, and all products
® l"‘lousilool:g’n cleanup

Trenamiial No. 84-1 {1/84)
Form FDA 2000 1B8/7821

402-1
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Determination (D) Recommended Use
DG1 (p. 302-25) GLC, 100% methyl siloxane column, halogenated acidsand
P 200°, EC detector phenols
DGS (p. 302-29) GLC, 100% methyl siloxane column, halogenated acidsand
P 200°, FICD-X phenols
DG4 (p. 302-31) GLC, 100% methyl siloxane column, acidsand phenols
e 200°, EICD-N niningnm'ogenm
Fgure 402¢
Msthod for Aclkds and Phenols
]
NN
ja—]
A,
r frok m
LB egrmen s O e
E1 s : £8 (3]

nitrogen
VALIDATION
The following combination has undergone validation in a over
many years, with repeated recoveries performed in conjunction with FDA’s Toul
Diet Study; these are recommended for use:
El + Cl1 +DG1
Validation report:
Hopper, M.L. & al (1992) J. AGAC Int. T8, 'N07-713. Where slight differences
oomrbemﬂne!nnbod’ducripdonh&ecﬂmiﬂ!mdindwﬂop'pad
aloélwgguhﬁomthksecﬁonreﬁemmdardopuadngpmmm&e
T iet Study.

Trorweinnl Na. 8§51 [1/94)
Farm FOA BE0Ge 10/

1



Pesticide Anelytical Menual Vol. | SECTION 402

E1 EXTRACTION WITH SOLVENTS FROM ACIOIFEED, DENATURED PRODUCTS

Reference

Hopper, M.L. et al (1992) . ACAC Int. T3, 07713

Principles

Fat and residues are dissolved in ethyl ether and n ether after the

has been denatured with oxalate and and acidified with sulfuric
er extract is washed with large quantities of water to remove co-extractives.

Apparatus
blender, high speed; explosion-proof Waring Blendor, 1 qt jar

centrifuge, explosion-proof, to hold 500 mL bottles
centrifuge bottle, 500m1..Uae stopper or cover rubber stopper

delimymbeapp-nun(ﬁgmem-b).fabﬁmadinhbmy

Mﬁhm(&m, 402
ml, MSnydﬂ'ooh:mn,pm Dol ’wnn.n

:Ennmﬁmnel (separator), 250 e

Reagents
boiling chips, 20-30 mesh carbo-
rundum

paratus a—mwmmem

methylene chiloride, distilled from rubbarstopper, %o drew upper solent
from bottls into

el gl spperas oy STt

sodium chloride aqueous solution,
saturated By L&h bason L1 Dty 1CTBILE 2108, F.

10% sulfuric acid, reagent grade ook, a1

1+1 (v/v) cthyl ether/petroleum ether

50% (v/v) methylene chloride/hexane
Directions
For each batch of with acid
Fo b L el e, om0 Sy

Tecoverics.

Tranmvinal No. B4-1 (1/94)
o/ 402-3

Form FDA 2000

A0
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Asnimal Tissues
¢ Weigh 50 g sample into blender jar.

® Add 50 mL distilled water, 100 mL methanol, 10 mL 10% sulfuric acid,
and about 2 g sodium or potassium oxalate.

® Blend at high 2 min and oansfer to botde with aid of
powder funnel. Rinse blender jar and funnel with 50 mL ethyl ether and
add o bottle.

Dairy Products

* Grmddleeneandotherloﬁd
amount into centrifoge milkorodwr bwﬁteum-

modity, Mgcheaeoro&wr

. AddlﬂOmLmednnol.lOleO%mlfuﬂcacﬂ,mdahom!gsoﬁmor
potassium oxalate; mix. Add 50 mL ethyl ether.

Fats and Shortenings

¢ Weigh 25 g sample into centrifuge bottle.

¢ Add 50 ml distilled water, 100 ml. methanol, 10 mL 10% sulfuric add,
and about 2 g sodium or potassium oxalate; mix. Add 50 ml. ethyl ether.

Al

eenn'iﬁrgehotﬂevn%nmdy 1 ; then add 50 ml. petrolcum
cther and shake vigorously 1 mi -

OCentnﬁ:geabmsminatlm Transfer top (solvent) with
dehmy mmll.m meoo:fw

sodium chloride and 10 mL 10% sulfuric acid.
d ?uureddueinemtﬁﬁngebmﬂe shaking vigorously
1 min with (1+I)ed|yledmr/peuulenmether After each extrac-
tion, centrifuge and transfer solvent layer into same 1 L scparator.
¢ Mix combined extracts and water in Munghlyhutmﬂudy
mmtmﬁonﬁumaﬂon.mainmddhmd

¢ Rewash ) solvent layer twice with 100 mL water, 10 mL 10% sulf-
ric acid and 30 mlL satmrated sodium chioride solution; discard wash soln-
tion each time. If emulsions form, add additional 5 ml. satmrsted sodinm

chloride solution to wash.

o After final wash is discarded, transfer ether layer to 250 mL separator. Let
stand 230 min. Drain and discard any water and emulsion from separator.

* Transfer cther to K-D with plin receiving flask, add boiling chips, and
evaporate solvent.

e Cool, add 50 mL methrylene chloride to extracted fat, and mix. Add boiling

chips and evaporate on steam bath unti level in receiving flask does not
clmgemdmutkdﬂmethylmcbhﬁeh&ydacohnmmcod.
o Use fat content of commodity, as listed in Section 201, w

wlntdﬂuﬁonkrup:ﬁedmadnkwmuﬁonofﬂ).lﬁ
mL. Quantitatively transfer fat from receiving flask WJ
(g-s)gndmmeofapproprhnevolume Use 50% methylene /hex-
ane for ri during transfer and then dilute solution to predetermined
volume with solvent mixture.

Yronomiinl Na. 831 (/88
Form FOA 2808e B/90)
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¢ Transfer aliquot of solution to tared vessel; evaporate to dryncas at steam
bath temperature under current of dry air. Weigh and record weight of
fat extracted. i necessary, adjust remaining solution volume so that
solution contains £0.16 g fat/ml.

e Clean up extract by Cl; equivalent weight of whole product cleaned up
is:

original sample weight
mL final extract

X ml. loaded onto GPC

Yrousnitsl No. B4-1 {1/94) 4‘2—5
Form FDA 2005s 8781
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SECTION 402

E2 EXTRACTION WITH ACIDIFED METHYLENE CHLORIDE EI

Reference
Hopper, MLL. «¢t al (1992) J. AGAC Int. 75, 07713

Principle
Residues are extracted from fruits and with chloride after
Apparatos
blender, high speed; explosion-proof Waring Blendor, 1 qt jar
centrifuge, explosion-proof, to hold 500 mL bottles
trifuge bottle, 500 mL. Use stopper rubber stopper
:?&:ahnninum touoidmnumin&. hat
delivery tube apparatus, see Figure 402.a in E1; apparatus with straight tube
i:ﬂet(udaadmnv-ohp.:)eispn&ned ‘
graduated cylinder (graduate), 250 mL i
Enderna-Danish concentrator {(E-D), 500 mL., with Saxyder column, 10 mL
graduated recciving flask
separatory funnel (scparator), 250 mL
Reagents
boiling chips, 20-50 mesh carborundum
giass wool, Pyrex
hexane, distilled from all-glass apparatus
methylene chloride, distilled from allgias apparatus
10% sulfuric acid, reagent grade

Directions

For each batch of samples analyzed, fortify with chlorophenoxy acid
z:rtbicide(s)andpmuchlorophenolandmﬂpeit others to verify adequacy

s Weigh 100 g sample fraits vegeubhoﬁeﬂhm
b:vgggu)inoblms'lﬂ °Add 10 mL 10% sulfuric acid and 250 ml,
methylene chloride.

e Blend 2 min at and into botle with aid of

high speed and pour into centrifuge

¢ Centrifuge 5 min at 1500 Transfer top (water) , with delivery
mbeapparuu.inwll.g;mr.mmd:gtd. e

¢ Carefully decant methylene chloride (leaving cake in bottle)
through funnel con glass wool into separator. stand
230 min. Drain and any water and emulksion from separator.

e Transfer methylene chloride to graduate and record volume.

Teormwiinl No. 854-1 [1/84)
Farsn FOA 2806e [8/91)

402-7
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* Transfer measured volume of methylene chloride to KD with 10 mL
receiving flask. Add boiling chips and concentrate to 5 mL on steam bath.
Dilute extract to 10 mL hexane and mix.

¢ Clean up extract by C1; equivalent weight of product cleaned up is:
mL methylene chloride recovered  mL losded onto GPC

100 g x x
250 mL 10mL

Trasamiind Na. 5341 11/949)
Form FOA X e B/95)
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E3 EXTRACTION WITH ACIDIFEED METHANOL
Reference =
Hopper, M.L. #t al (1992) J. AGAC Int. 75, 707-713
Principle

Residues extracted from legumes with methanol after acidification
ﬁmedin:ommedlylenechloride. and pert:
Apperatus

blender, high speed; explosion-proof Waring Blendor, 1 gt jar

centrifuge, explosion-proof, to hold 500 mi. bottles

centrifuge botte, 500 mL. Use stopper or cover rubber stopper
with aluminum tolmidoonunﬂnm

graduated cylinder (graduate), 100 and 250 mL
Euderna-Danish concentrator (K-D), 500 mL, with Sayder columm, 10 mlL
graduated receiving flask
scparatory funnel (separator), 2L

Reagents
boiling chips, 20-50 mesh carborundum
glass wool, Pyrex
hexane, distilled from all-glass apparatus
methanol, distilled from all-giass apparatus
methylene chloride, distilled from all-glass apparatus
sodium chloride aqueous solution, saturated
10% sulfuric acid, reagent grade

Directions
For each batch of samples analyzed, fortify with chlorophenoxy acid
h:ﬁdde(l)andpmuchlotq:henolandanﬂyuit others to verify adequacy
of recoverics.

* Weigh 100 g chopped legume into biender jar. Add 10 mL

lOMuidmdeL ol.m b
¢ Blend mixture in blender jar 2 min at high speed and pour into centri-
fuge bottle with aid of powder funnel.

* Centrifoge 5 min at 1500 and carefully pour top layer through
ume re-covered mL or take 250 mL.

¢ Pour measured extract into 2 L separator and add 100 mL methylene
chioride. Shake separator 30 sec, then add 30 mL sawrated sodium

chioride solution, 10 mlL 10% sulfuric acid, and 650 mL water.
o Shake 30 sec and allow emulsion to settde 230 min. Drain and discard
any water and emulsion from separator.
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¢ (I emukion does not break, drain emulsion into centrifoge bottle and
centrifuge at 1500 rpm 5 min. Siphon off and discard water layer. Pour
methylene chloride through funnel containing glass wool into 250
ml, separator. Let stand 230 min to ensure of any
mmhgmbrﬁnmddhmﬂmym emukion from separa-

. mmmmmmlmnmmmﬂ

* Transfer measured volume of chloride to KD with 10 mL
flask. Add dupl concentrate extract on steam bath

to about 5 ml. Dilute to 10 mL with hexane and mix.
. Qunupmbym;equinlemnightd'legmduneduph:

100 g x mlL extract recovered after centrifugation .
200 + 10 + (100 g x % moistare)
mL methylene chloride recovered y mL loaded onto GPC
100 mL. 10mlL
ALTERNATME:
E4 BEXTRACTION WITH ACIDIFED WATER/METHANOL
Principle

Water/methanol replaces methanol for extraction from grains and cereal pro-
ducts to accommodate their low moisture.

Additional Reagents
30% (v/v) water/methanol
Directions

* Wi ngmmd grain or cereal product into blender jar. Add 10 ml. 10%
iron and 340 mL 30% water/methanol. b

¢ Continue as in ES, “Blend mixture in blender jar 2 min. . .*
¢ Equivalent weight of grains or cereal products cleaned up is:

50 250 mL mL methylene chloride recovered  ml loaded onto GPC
x
8:“Slll)mL+lI)ml.. X 100 mL 10 mL
Trarmwiusd Nu. 931 11/84)
Farw FDA 2005 B8/0901

402-10
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ES EXTRACTION WITH ACIDIFED METHANOL
Reference
Hopper, M.L. &t al (1992) J. AGAC Int. 75, M07-713
Principles
Residues are extracted from or sugar processed foods with aqueous
by partitioning.
Apparstos

blender, high speed; explosion-proof Waring Blendor, 1 qt jar

centrifuge, explosion-proof, to hold 500 mL bottles
centrifuge bottle, 500 ml.. Use giass stopper or cover rubber stopper
with aluminum foil to avoid contamination.

graduated cylinder (graduate), 250 mL
Enderna-Danish concentrator (E-D), 500 ml, with Soyder column, 10 mL
graduated receiving flask
separatory funnel (separator), 250 mL and 2 L
Reagents
boiling chips, 20-30 mesh carborundum
giass wool, Pyrex
methanol, distilled from all-giaes apparans
methylene chloride, distilled from all-glas apparatus
sodium chloride aqueous solution, saturated
10% sulfuric acid, reagent grade
Directions

For each batch of i with ackd
z“auade' ide(s) mp;mphmmhmmgdﬁy analyze it othmdnl:'wymify adequacy
TeCOVeTIES.

* Weigh 50 g sugar or sugar processed food into blender jar. Add 10
mL%mlﬁmcadd%mLm,mdﬂnmLmh

¢ Blend 2 min at high speed. Pour mixture through powder funnel con-
aininggh-wo:l?ihnginMZLaepum.

e Add 250 mL methylene chloride and shake 30 sec. Add 700 mL water,
10 mL 10% sulfuric acid, and 35 mL saturated sodium chloride solution.
Shake separator 1 min and let emulsion settle.

¢ Driin remaining emailsion and methylene chloride into 500 mL centri-
fuge bottle and centrifuge 5 min at 1500 rpm. Sipbon off and discard

water layer.
Pour chloride through fimnel containing wool
plug into mLsepanﬁ?rwmdzsomwm‘:mplm
separation of any remaining water. Drain and discard any water and

emulsion from separator.

o PO e R 402-11
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¢ Transfer methylene chloride iayer to 250 mL graduate and record volume.

¢ Transfer measured volume of methylene chloride to K-D fitted with 10 ml.
receiving flask. Add boiling and concentrate extract on steam bath to
about 5 mL. Dilute to 10 mL hexane and mix.

¢ Clean up extract by Cl1; equivalent weight of product deaned up is:
ml methylene chioride recovered  ml loaded onto GPC

S0gx 250 mL x 10mL

402-12 o A S0e fe/00t



Peaticide Ansiyticel Manuel Vo, |

E6 [DISSOLUTION IN METHYLENE

Reference
Hopper, M.1. st al (1992) J. AGAC Int. 75, 707-713
Principle

No actual extraction of residues is done for vegetable oils; instead, they are dissolved
in solvent for subsequent cleanup on GPC.

Resgents
hexane, distilled from all-glass apparatus
methylene chloride, distilled from all- giass apparatus
50% (v/v) methylene chloride/hexane

Directions

For cach batch of sampies analyzed, fortify with chlorophenoxy acid
h:ﬁdde(_n)andpennchlomphenolandamlyuit others to verify adequacy

of recoveries.

e Weigh 16 vegetable oil into 100 mL volumetric flsk. Dilute to
wﬂaguc wi:i_ g:mthylene chloride /hexane (0.16 g/mlL).

¢ Clean up oil solution by C1; equivalent weight of product cleaned up is:
16g
100 mL

x mL loaded onto GPC

Foree PN EoEEe s 402-13
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SECTION 402

E7 EXTRACTION WITH ACIDIRED METHYLENE CHLORIDE

Reference
Hopper, M.L. « al. (1992) J. AGAC Int. 75, 707-713

Principle
Residues in water are extracted with methylene chloride after acidification.

Apperatus
Kuderna-Danish concentrator (E-D), 500 mL, with column, two-ball
micro Snyder column, 10 mL graduated receiving

separatory funnel {(separator), 1 L
Reagents
acctone, distilled from all-glass apparatus
methylene chloride, distilled from all-giass apparatus
10% sulfuric acid, reagent grade

Divections :
For each batch of samples analyzed, fortify with chlorophenoxy acid
he:hdde(s)andpemachlomphcnolmdmﬂynit others to verify adequacy
. WaghMgm.tnnﬁeraolL . Add 10 mL 10% sulfuric acid
and 60 ml. methylene chloride vigorously 1 min.

s Allow to and drain chioride imwo ED
with lmmwmmmmm“omm
chloride. Combine all extracts.

. ﬂl evaporate to near dryness on steam bath. Add 50
evaponnemabom&m!..

. NoGPCdun necessary. Proceed to methylation, Clb. Entire sola-

tion (dletefu'eupurdre weight of original product) is methylated.

402-15
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SECTION 402

C1 GPC CLEANUP., METHYLATION, AND FLORISIL COLUMN CLEANUP
Cla GPCCLEANUP

Reference

Hopper, M.L. (1962) J. Agric. Food Chem. 38, 1038-1041

Principles

Co-extractives in the exiract are scparated from residues on GPC by molecular size
exclusion; molecules (fats, efc) elute first and are discarded. calibra-

tion of the column dictates the optimum amount of eluate to discard in order
mmmmhzemokmkwmﬂmandmmummspﬁﬂe.

e column can be used repeatedly.
Apperstus
filtration device for solutions, 10 mL with Luer-Lok tip, fitted with
dﬂmr(a) 13 mm diameter Swinny steel filter holder and 13 mm
diameter filters, 5.0 um m(b) membrane filters, 25 mm
diameter, 5 um Teflon (Pre-assembied

dekuthatdonotrequinaqrhgemabo

mmmmwwmmm
apparatus must include:

1) sampie introduction valve
2)whwm,nﬂubleformewithapnkldmﬂ.md5

3) ssmple loading loop, 1/16" Teflon tubing coiled in cylindrical form,

about 13 mL

4) , about 6' of 1/8” copper tubing coiled and closed at one
mmr pump and introduction valve with a con-
necungwel‘uhedampen«hn ounly when pump is not pulsciess.
gcmmzsmuxmaswmmmkmm
GPC syringe, 10 mL with Luer-Lok tip, with Millipore Swinnry stain-
less steel adapter, 50um154mem=f

Knderna-Danish concentrator (K-D), 500 mL, with Snyder column, two-ball
micro Snyder column, 5 and 10 mL volumetric or graduated recelving

Resgents

Bio-Beads SX-3 resin, 200400 mesh (Bio-Rad Laboratories, Richmond, CA;
pretested resin is available from ABC Laboratories)

hexane, distilled from all-giass apparatus

methylene chloride, distilicd from all-giass apparatus

eluant: 1+1 (v/v) methylene chloride/hexane

402-17
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Preparation of GPC column

Weigh 35 g Bio-Beads SX-3 into 400 mL beaker.
Add 150 mL 50% methylene chloride/hexane.
Stir beads with glass or steel rod until all beads have swelled and lumps are no

longer present.
Pour slarry into GPC column with aid of stirving rod.

Hold column in position with about 25 mm
from bottom end of usable length of column, threaded ends.
Add slurry to column con 30 beads never become completely
settled until all beads have been

Place other in column after beads have settled and liquid has

mrﬁmmqmleMhmmmw

Connect column to GPC solvent delivery system, and pump solvent from
bottom to top of cohxmn until all sir is expelled.

Adjust flow rate of system to 5 mL/min and check column pressure. Adjost
operating pressure for column to 8-11 psig by moving plunger(s).

Allow GPC system to equilibrate by pumping solvent through it.
Re-adjust flow rate to 5 mL/min if it has changed.

Calibration of GFC column
Elution of Fat

Melt butter and decant butterfat and solids through fluted filter paper into
suitable container; do not include water layer. Heat fannel if necessary to
facilitate filration.

Weigh 4 g warm, filtered butterfat into 25 mL g ; dilute 1o 25 mL
mllligsr(}%me!lxylm:ecllluurlcie/hl:nne;mixmnil is dissolved (0.16 g far/
Filter fat solution through filtration device and load 5 mL onto GPC column.
Elute with 50% methylene chloride/hexane.
Ggoﬂectmlumneﬂlmtinnredbukash 10 mL increments from 0 to
100 ml..

Evﬁnﬁ:nhemﬁmachm,ood,mdw@mdmbm
of fat ehuted in ecach 10 mL increment. (For manual GPC, collect 10 mL

fractions in graduates and wansfer to tared beakers for evapora-
ﬁonandmlmgofﬁt)
95% of fat should clute in first 60 ml. If >5% of fat in 60-70 mL

fraction or later, reject column and prepare new one by repacking with
original batch of beads. Visual evaluation of yellow band of fat as it passes
through column usually shows tailing or streaking when column is inad-
equate. Use new batch of beads if second cohumm is still inadequate.

402-18

Tronsult Ne. 931 11/94)
Faren FOA 0500 18/98%
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SECTION 402

Ehution of Pesticid

Prepnumixedmndudlohlﬂonoonnhiﬁql.iugedﬂm/ml.o.i
diazinon/ml, 0.4ugmchlorepoﬁde/ 0.2 ug dicloran/ml.,
0.6 pug dieldrin/ml. in methylene chloride/hexane.

Place 5 mL aliquot standard solution in E-D with 10 mlL fiask;
add 50 mL hexane and 2-3 boiling chips; concentrate to 10 This
removes methylene chloride prior to determinative step.

Filter mixed standard solution through filtration device and load 5 mL
onto GPC column.

Elute with 50% methylene chloride/hexane.
Collect 10 mL fractions from 0 through 160 mL.
Transfer each fraction to K-D with 10 mL
hexane and 2-3 boiling chips; concentrate to 10
Calculate recoveries by comparison to mixed standard solution that has
also undergone concentration to 10 mL. Use determinative steps DG1 and
Column is normal if diazinon and ethion start to elute in either 50-60 mL
or 60-70 mL fraction, and dicloran starts to elute in 90-100 ml. fraction.

Determine whatvolume should be discarded ( 60 ml) andwhat
should be collected (usually 60-160 ml. fraction) by exumining fat and
mixed standard elution profiles developed above. these calibrated
fraction volumes in subsequent calibration steps and in sample deanup.

flask and add 50 mL

Elution of Pesticidas from Fat

Weigh 1.6 g warm, filtered butterfat into tared 10 mL g graduate, add 5
mL mixed standard solution from pesticiie elution test above, dilute
ngwhmeﬁﬂ:%%methylenechlmide/hme,mduﬂxmﬂhi

Filter fortified fat solution through filtration device and load 5 mL onto
GPC column.

Elute with 160 ml. 50% methylene chloride/hexane.
Discard and collect respective volumes determined during calibration.

Transfer collected fraction to K-D with 10 mlL receiving flask and concen-
trate as in pesticide clution test.

Calculate recoveries as in pesticide elution test.

¢ For normal column, 280% diazinon, parathion, and ethion, and 295% of
i recovered.

organochlorine pesticides are

Etution of Herbicid

Prepmemixedﬂmdnﬂaoluﬁonofﬂ.llg%ﬂﬁ-’r/ﬂuﬂm"g

mL in 50%
pmuch)':mhenol/ methylene /hexane by diluting

Load 5 mL onto GPC column and clute with 160 mL 50% methylene
chloride/hexane.

Tranaminal No. §4-1 (1/84)
2008 B/

Form FOA

402-19
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Transfer collected fraction to EK-D with 5 mL receiving flask.
Add 2.3 boiling chips and concentrate.
Cool, add 50 mL acetone and fresh boiling chips, and reconcentrate to
about 3 ml..
Cool solution and methylate as in Clb.
Clean up methylated solution on Florisil 2 in Clc and concentrate to 5 ml.
Calculate amount of herbicide in concentrated extract determinative
m DGI1 and reference standards of pen methyl ether

2,4,2-;!‘ methyl ester. Convert mu;t of chemicals to
amount of corresponding acid/phenol % respective valucs
by 0.95, which ts ratio of molecular ts of acid/| to
methylated ch for both 2,4,5-T and (255.49/
269.52 and 266.35/280.37, respectively). Calculate recovered by
comparing converted values to amounts added (0.5 ug 2,4,5T and 0.25 ug
pentachlorophenol).
Gel column is acceptable if 280% of added 2,4,5-T and pentachlorophenol
are recovered.
Directions

Use GPC column prepared and calibrated as described above. Column cam
be used repeatedly.

Cen cloudy solutions of extract from EI-E6 before loading them
mu&mmmmwmmmm

Load filtered m:ctoanPCoohmnha!nleow&BE
fator 1550 g t weight of nonfarty can be in
Use original sample t, aliquots during extraction,
of extract, and loading loop size to calculate amount being loaded.
If targeted limit of quantitation is lower than can be achieved with this size
aliquot, load additional aliquots of extract in 5 mL loops and

combine concentrated eluates from ench after cleanup.

Elute column with 160 mL 50% methylene chloride/hexane. Discard vol-
ume previously calibrated and collect remainder in beaker or

Transfer collected cluate to K-D fitted with 10 ml receiving fiask. Rinse
collection vessel with several mL acetone and add to concentrator.

Add 2-3 boiling and concentrate o about 3 mL. Cool, add 50 mL
acetone and fresh chips, and reconcentrate © about 1 ml. Use
column to reach final volume if necessary. Methylate

cleaned up extract by procedure in Clb.

3y
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SECTION 402

Cib METHYLATIDN @

Reference
Hopper, M.L. (1987) [ Agric. Food Chem. 35, 265-269

Principles
Acids and phenols in cleaned up extract solution are ionized by an alkali

mmmmnm)mmmdm iodide to their re-

graduated cylinder (graduate), 10 mL, gs
microliter syringes: 25, 50, or 100 pL, for adding reagents
water bath, capable of maintaining 40° C

Reagents

acetone, disiilled from all-giass apparatus

hexane, distilled from all-glass apparatus

methyl iodide, certified grade

tetrabutylammonium hydroxide (TBAH) titrant, 1.0 M in methanol

Cautions
Note the following cautions that must be observed during methylation:

Use well ventilated hood and protective gloves when adding reagents for
methylation.

With each batch of samples, mhmm&mmiudm
&:ﬂsolmmofchhophenouyadds used for fort-
ﬁaﬁonmabmmymdunup standard on Florisil
Demnﬁneemnpkmdme&yhﬁonbyahuhﬁomﬂng stan-
dards of chlorophenoxy acid methyl esters methyl
ethcr(u,noteuus/edlcrgmmdbymhme&yhﬂwmp) methy-
lation reaction appears incomplete by test, prepare fresh mixed standard
wlunonofaudnndpenuchlomphenol(tbuesoluﬁmshwebeenfonnd
susceptible to degradation).

Methylate fresh mixed standard and old mixed standard, and ciean up both
by Florisil chromatography. Determine degree of methylation in both old

and new standards as above.

The comparison between degrees of will indicate whether prob-

lem is cansed by standard or by step. If low recoveries are not
with new standards, problem can be assumed to be with old stan-

dards. I recoveries of old and new standards are both poor (i.«, consistently
<40% or >120%), methylation step is at fanle

Presence of water may prevent complete methylation.

Tranamizal No. 84-1 [1/54)
2900%a 16/92)

Form FOA

%3
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2—50% methylene chloride/0.35% acetonitrile/49.65% hex-
ane (v/v/v). 3.5 mL acctonitrile into 500 mL methylene
chloride and with hexane. Aliow mixture to reach room

temperature and adjust to 1 L with hexane.

Florisll Check
gmm&mwmm;mmmmnmw
is test.
¢ Place activated Florisil ( t = 110/LA value x 4 g) in chromato-
graphiceohnnn,addahont cm sodium suifate.

. Addsmmedmdmﬂsolnnonofo.lﬁz,ﬁTmethylem/mL

gugp;nmhlanphmylmﬂhyledm'/ and 0.2 ug picloram me-
ester/mlL.
. %}eadiremdbebw.melmm5mlqandeﬂmhseby

¢ Calculate recoveries by comparison to original mixed standard solution.

¢ Elute column further with about 100 mL ethyl cther and collect in 10
mL fractions.

. ConommachﬁacﬁonmSmLmdmheuehlyDGl

® Determine volume of ethyl “aufidummed:ylm
ﬁ'ommlumnandmontdﬁoreachbuchof

® Pen methyl ether should elute in eluate 1; 2,4,5-T methyl

m(mdmmofothachlo acids) should elute in
elmz.mdmmmed:ylmmmm about 100 mL ethyl

* If test chemicals do not elute as expected, test adjusted weights of Florisil
(similar to tests described in Section 204) or use different batch of

Directions
e Add t of Floriil (determined abowe) to 10 mm id x
300 mm : about 2 cm sodium sulfate.
¢ Prcwash colomn with 15 mL hexane. Do not allow colomn to go to
dryness.

¢ Place E-D fitted with appropriate receiving flssk under column.

¢ Quantitatively transfer methylated extract from ClIb to column. Rinse
flask with hexane and add to column. Extract and rinse volume together
should be <15 mL.

¢ With stopcock completely open, clute column with 35 ml. eluant 1.

¢ Change K-Ds and clute column with 60 mL eluant 2.

¢ To analyze for picloram, change E-Ds and elute column with appropri-
ate volume of ethyl ether determined above.

¢ Add boiling chips to E-Ds and concentrate each cluate to suitable defi-
nite volmne. When volume <5 mL is needed, use two-ball micro-Snyder
or micro-Vigreaux column during evaporation.

16
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® Add 50 mL hexane to K-D containing Eluate 2 and reconcentrate to
remove final traces of acctonitrile. Add 50 mL hexane o K-D containing
ethyl ether cluate and reconcentrate.

402-24
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Determine methylated residues in concentrated solution from C1 with determinative
steps DG1, DGS3, and DG4 (see Section 302).

Chlorinated residues are determined using DG1 or DGS; residues containing nitro-
gen may be determined using DG4.

ﬁ::;wtnmeofmnemmtedmeqninkntm&efoﬂmhgue@h&bmdm
Products 220% fat  Products <20% fas

Ehate 1 <Smg <10 mg
Eluate 2 <10 mg <0 mg
Ethyl ether <10mg <20 mg

Confirm tentatively idmﬁﬁedreddnumdhgw“gmwb
Section 103. Review PESTDATA (Appendix I) to find systems
residue; rechromatograph on other systems if available.

29
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403: METHOD FOR PHENYLUREA HERBICIDES
BASIC REFERENCE

Luchtefeld, R.G. (1987) J. Assoc. Off. Anal Chem. 10, 740-745
GENERAL PRINCIPLES

Phenylurea herbicide residues are extracted with methanol. The extract is cleaned
up by partitioning and column chromatography on a Florisil column. Residues are

selectively determined with an HPLC system ing of a reverse phase (RP)
column, post-column photodegradation and and detection of the
rmﬂnntdmiva&vebyli’l:omdetec&on.
\ APPLICABLITY

Consult Guide to PAM | for additional information pertinent to the appropriate
application of multiresidue methodology.

Method is to residues of phenylurea herbicides in nonfatty foods. See
Table 403-a, ing method description, for pesticides tested through the method.

Limits of detection and quantitation for selected compounds are also included in
Table 403w; method is applicable to determination of at least 14
herbicides at concentrations of 0.05, 0.5, and 1.0 ppm in 14 nonfatty food prod-

ucts.
REFERENCE STANDARDS
stock solutions (1 mg/mL) of each sandard in HPLC
Prepare . (1 mg/mL) m‘d;dbm

amounts of stock standard solutions

appropriave
dilute with (1+1) acetonitrile/HPLC water for working standards. Use stan-
dards at concentration of 1.25 pg/ml. for HPLC determination. Keep stock soln-

tions refrigerated prior to use and prepare working standards weekly.

STEPS OF THE METHOD
Extraction (E) Recommended Use "q
El (p. 4038) Extraction with methanol nonfatty foods —
G AIS) L priing 1ad  somiay 5
Cl1 4035 and tty foods
¢ ‘ Florisil column cleanup
Determination (D) IE
DL3 (p. 403-7) HPLC, and
(p. 403-7) LC, postcolumn photolysis and ~ phenylureas
DIA (p. 403-10) HPLC, different mobile phase alternative to DL3,
confirmation of
identity
Fore FOA Q00 /080 | 403-1
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VALIDATION
fdhwmfgrmﬁnaﬂonhswmmhm’mdhm
El + Cl1 + DLS
Validation report: -
Luchtefeld, RG. (May 1989) "Validation of a Multiresidue Procedure for
Detemining Phenylurea Herbicides,” LIB 3309, FDA, Rockville, MD

Figure 403-s
Method for Pharsyhress

A
[ =]
nonfatty foods

j
3
"

DL3 and DLA
residues

Trarmnivnl No. 541 (1/94)
Farm FOA 200 /989
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E1 EXTRACTION WITH METHANOL

Reference
Luchtefeld, R.G. (1987) J. Assoc. Off. Anal. Chem. 70, 740-745

Principles
Residucs of phenylurea herbicides are extracted from nonfatty foods with metha-
nol, and the methanol solution is separated from food solids by centrifugation.

Apperatus
centrifuge, explosion-proof, to hold 500 mL bottles
L 0 S o e b e
funnel, glass
graduated cylinder (graduate), 250 mL .
e e 038 4 T e cmiio
Resgents
glass wool, Pyrex
methanol, distilled from all-gias apparatus
Directions

e W 50 g sample into centrifuge botte. Add 100 mL methanol and
ho?;genﬁ‘cmlgminlﬂnghmwhhwmu&

¢ Cen omogenate 5 min at 1500 and decant 850-100 mL
mmmwmmmmmm

* Add 100 mL methanol to material in centrifuge bottle and homogenize
1.0 min with speed set at 8.

. Mdmwwdemtumm-mw

¢ Record volume of combined methanol extract.

Trorwninal No. §4-1 (1/84) m

Form FOA 2505 B/82)
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C1 LIGUD-LIGUID PARTITIONING AND FLORISK. COLUMN CLEANUP %

Reference

Luchtefeld, R.G. (1987) [ Assoc. Off. Anal Chem. 10, 740-745

Principles

Co-extractives arc removed by sodium chloride to the methanol extract

and partitioning with hexane, which is discarded. Residues are partitioned from
methanol into methylene chloride. Concentrated methylene chloride extract is
deaned up on a Florisil column, and residues are chuted with acetone/methylene

Apparstns
column, 10 mm id x 300 mm, Teflon stopoock, coarse
porosity disc
chromatographic column, 25 mm id, plain

Euderna-Danish concentrators (E-D), 250 and 500 mL, with Snyder col-
umn and 5 mL graduated receiving flasks

separatory funnel (separator), 500 mL and 1 L
Reageunts
acetone, distilled from all-glass apparatus
acetonitrile, HPLC grade
boiling chips, 20-30 mesh carborundum
Florisil, PR grade; see Section 204 for handling and testing directions
hexane, distilled from allgiass apparatus
methyiene chloride, distilled from all-glass apparatus
sodium chloride, reagent grade
sodium chloride aqueous solution, saturated
sodium sulfate, anhydrous, granular, reagent grade; see Section 204 for
cluant: 20% (v/v) acetone/methylene chloride
1+1 (v/v) acetonitrile/HPLC grade water
Directi
Partitions
o Transfer cntire methanol extract (E1) to 500 mlL. separator.
¢ Add 30 mL saturated sodium chloride solution and 50 ml. hexane, and
shake mixture 30 sec. Let layers separate.

* Transfer lower agueous luyer to 1 L separator con 500 mL water
and 30 mL saturated sodium chloride solution. Discard

¢ Add 200 mL methylene chloride to the 1 L separator and shake 1 min.

¢ Drain methylene chloride through 25 mm X 50 mm column of sodiam
sulfate into 500 mL K-D fitted with 5 mL receiving flask.

Trenemizal No. 54-1 [(1/84} 403_5

Farm FOA 2000 #8/98)
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* Re-extract aqueous with two 100 mL portions methylene chloride.
Drain each extract sodium sulfate into K-D.

¢ Rinse sodium sulfate with 50 mL methylene chloride; add rinse to E-D.

¢ Add boiling to K-D and cvaporate combined extracts and rinse to
msmﬁ%mwm

Florisil Claawad

¢ Place 4 g activated Florisil in 10 mm id chromatographic column; add 1
cm sodium suifate. Wash column with 30 mL methylene chioride and
discard wash.

¢ When methylene chloride reaches of sodium sulfate, 250 mL
mmsmmmmwmmmm
trated extract to column. Rinse container with about 3 mL methylene
chloride and add rinse to column.

* When extract reaches top of sodium sulfate, rinse column with two 3 mL
portions methylene chloride; allow cach rinse to reach wp of sodiem

¢ When final rinse reaches top of sodium sulfate, elute column with 50 mL
20% acctone/methylene

® Concentrate solution on steam bath to about 3 ml. Remove receiving
%Mmmwdmmmgmﬁnmwmbuhu

C

¢ Pipet 2 mL (1+1) acetonitrile/HPLC grade water into receiving fiask.

* Calculate sample equivalent in final cleaned up extract according to fol-
lowing formula: ®

g sample mL methanol filtrate collected 5%g¢g

x
mLextract 200 mL + (50 g X % water in sample) ~5 2 mL final extract

Tronseniind No. D4-1 {1/04)
Forw FDA 2000 18/08)

y>



Pesticids Analytical Menue! Vol. !

SECTION 403

DL3 HPLC, POST-COLUMN PHOTOLYSIS AND DERIVATIZATION,

FALUORESCENCE DETECTION
Reference
Luchtefeld, R.G. (1985) J. Chromatogr. Sci. 28, 516520
Principles
Residues in acetonitrile/water solution are scparated on a G-18 RP HPLC column
using methanol/water gradient mobile phase. Residues from the column
are photolyzed inline to primary amines by cxposure o Iight; the flow’s

passage through a sleeve of Teflon tubing increases exposure to UV light. The
amines are reacted in-line with andi-mﬂaﬁthmolmﬁam
fluorophores that are measured by a fluorescence detector. determinative
step is very selective for phenylureas.

P .
ﬁlmﬁondcviceforlolutiom,wml.ww fitted
with either (a) 13 mm diameter Swinny steel filter and

13 mm diamecter filters, 5.0 um LS-type, or (b) disposable membrane filters,

1smm.oammmm.wmmm

(Preassembled devices that do not require a syringe are also )

HPLC 403b) must meet test below.
appnnun(ﬁgureoe ) system suitability

1) mobile phase delivery system: dual pump gradient system

2) injector with 40 jL valve loop injector

3 gnd lomn, direct connect cartridge containing

) lsca?;ridge (Alltech Associates, IL 60015, Cat. 13)

4) column oven or heater, to maintain analytical colhumn at constant tem-

perature

Figure 403b
HPLC Systam for Detarminetion of Phanyhsres Harbicides

Vel
injactor
Gard _3.
column

clemon )
snaiytionl column

Treramkial No. 54-1 (1/84)
Foren FOA 285008 18/50)

403-7
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5) analytical oolumn,ﬁmxi.ﬁmmid,oomﬂnhg?ahl
with monomeric bonded layer of octadecylsilane (ODS, C-18); g,
Econosphere C-18, Alltech Associates
6) postcolumn is and derivatization unit as shown in telescoped
portion of Figure Unit is assembled from:
a) UV lamp for photodegradation, 17 cm x 9 mm od (Model 80-1178-
01) with power supply (Model 90-0001-01), BHK Inc., Pomona, CA

b) Teflon sleeve for i 10’ x 0.5 mm id delay
coil (Cat. m.s&mmnmmmm.
Place coiled Teflon tubing over lamp and connect one end to mix-
ing tee and other end to column.

c) low flowrate pump for OPA-MERC solution (Model 39631, LDC/
%M.Rmmn).mmmﬁdlﬁ
1/ stainiess steel as pulse dampener between pump
ijmideonmhi;-mkhkmemdtom

d) mixing tee, stainless steel, 0.25 mm bore, 1/16" sandard fittings
(No. ZT1C, Valco Instruments, Inc., Houston, TX)

€) reaction coil, 10’ x 0.5 mm id delay coil (Supelco; Cat. No. 5-9206),
with one end connected to mixing tee and other end to detector

7) fluorescence detector

Reagents

acetic acid, giacial, reagent grade

B R ed Aty e okl e
e S et e by b g
tion by disalving 0.27's il L HPLC grade wardr, T

Qu-ghdnhldehyde OPA), reagent grade. Prepare stock solution by dissolving
mgOPAhnlo(Om?.)medlmol. by

sodiumbolueblﬂeuogﬂon.l))hohelg.lgﬂ miodhmu:buue
L i HPLC e
:;:hyd:m m%&mmmmmmmﬂ to 10.5 with sodium
hydroxide, using pH meter. through filtration

P
used in HPLC procedure must be HPLC grade. ("Water” that does not specify
me’}ngx:demcmdkﬂlledm.)

OPA-MERC solution. Transfer about 250 mL degassed sodium borate buffer
solution o 500 mL volumetric flask. Add 25 ml OPA stock solution and
SEanCmcksolndeﬂmawvohmewithbumhﬂanluﬁonwidl

mixmg.

Tronawioal No. 941 {1/84)
Form FOA 2805 10/903
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SFunOPenﬂnn
Operate column overnight with 0.3 mL/min (90+10) 0.002 M monoba-
ncpomumphotphate/medmnolmobilepl(lae. ) or dual

30 min lOmIJmt‘i;.l?chmm:
at
mmmo{m,uputﬂﬁpm

4 Mamtamamlyncaleolmnnat&i‘ Equilibrate with 40% metha-

ﬂmalﬂmﬂmin.whho ml/min OPA-MERC
solution tee. Allow detector to stabilize after

starting OPA-MERC ﬂowandmmingonUVph«ndeglﬁmon

lamp.
¢ After inject or standard, 30 min knear firom
40%med:|an grade water to grade wa-

ter. Operate detector at excitation wavelength of 340 nm and emission
Wﬁ%mmmmmmmm
deflection when 40 ML 1.0 pg/ml. diuron solution is in-
Jected. clutes in approximately 24 min under these conditions.
. fi'l;;hpmgypand %medﬁoraddlﬂt:kfh?PMCnhmMy
use by pumping glacial acetic water through system at

1.0 mL/min for about 20 min.

* After each day’s use, rinse HPLC column 20 min with 80% methanol/
HPLC grade water. Column may be stored in this mobile phase.

System Suitability Test
See Chapter 6, HPLC, for further information about evaluating HPLC systema.
* Prepare solution containing 1 pg/mL each of metobromuron and div-

ron.
s Chromatograph solution three times. Retention times are approximately
22 and 24 min for metobromuron and diuron, respectively.
¢ Determine relative standard deviation (RSD) (standard deviation/mesn)
mh&ghummmdinchm also determine reso-
between the two peaks, according to in Figure 602
* RSD is <3% and resolution will be 21.5 on adequate system.

Directions
Figure 403-c compares chromatogram from this system to one from system wsing
UV detection at 245 nm.

. Fﬂwrbod:miuﬂe/mmﬁbe:umm and reference stan-
dard solution(s) through filtration inject 40 pL filtrate into HPLC
system.

. (WWW(MW‘“F&"“’ to
mgndwrefemmndudlﬂngnmechmml;hkm.

e Use (1+1) acetonitrile/HPLC grade water to make further dilutions of
mkmummmiemkhdgbnofﬂmpkmdm

Trerwmiial No. 941 [1/94)
B/02]
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Fgurs 403 ¢
HPLC Chromstogrems of Carrot Extrect

Luchtefeld, R.G. (1985) J. Assoc. Off. Anal Chem. 78, 740-745

Principles

HPLC chromatographic pattern for phenyluress is using a gradicn
mobile phase of acetonitrile/water instead of wltzmﬂ‘u:mupt:
vide wseful confirmatory evidence of residue identity.

Additional Reagent
m&cﬂ Before use, degas in giass bottles by helium sparging

Directions

Figure 403-d demonstrates different ic patterns by DLS
and DL4. Table 403 Lists retention times ( to diuron) for 14 phenylurea
herbicides on the two systemns.

¢ Set up and operate HPLC system as in DLS, except use 30 min Inear
gad;‘gntﬁomw%mwmuﬂe/mm“mwmm/
HPLC grade water as mobile phase. All other operations remain the same.

403-10

Traramieel No. 541 [1/84)
Foren FOA 26D0» B/00)
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L)

Minutes »

°

of eix phernylurea harbicides on Econosphere ODS
coamnn, 25 cm x 4.8 mm id with two different mobilia phases. [A)
insar gradiark from 40-80% methanol/weter in 30 min; 1 mL/
min flow reta. (B8] inser gradient from 30-80% soetonktrils /weter
in 30 min; 1 mi./min flow rats.

Flagrintad with parmiesion of Assacistion of Ofialsl Analytionl Chamists, from L
Aswoc. OF. Arel. Chvam. (1887) 70, 740745, Figuwrs 5. page 743.)

CONFRMATION @’
Confirm tentatively identified residues to the i discosed in
WIOS.MMWMMMD or DLA, was not

used in original determination.

Tranamittal No. §4-1 {1,/84)

Form FDA 26050 18,/52] 403-11
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404: METHOD FOR BENZIMIDAZOLES
BASIC REFERENCE
Gilvydis, DM, and Walters, SM. (1990) J. Assoc. Of: Anal. Chem. 73, 753761
GENERAL PRINCIPLES

Residues are extracted with methanol and partitioned into methylene chloride
mwmm?dmmwmmtm&wam%
Residues are separated and quantitated by reverse phase (RP) ion HPLC
both UV and fluorescence detectors. peir

APPLICABLITY

Consult Guide to PAM I to find additional information pertinent to appropriate
application of multiresidue methodology.

Method is mfruiuandvegeublaandduumﬁmruidmlot‘m

MBC ( from use of benomyl, carbendazim, or thiophanate-metint), thia-

bendazole, UV detector responds to all residues to which

the method is bntﬂuotuemoedewcmmq)md:onlwaBCmd
thiabendazole. permits examination for residues in
commodities from which interfering moo-emacwd.uedlodvamm

appﬂaﬂemco&eebummdaignedhdmmhnumdmody
Method limit of quantitation is 0.1 ppm for each residue. UV detection is nonse-

lective and prone to crop interferences, so limit of may be affected by
the particular commodity. Limit of quantitation for cmbeinctuned
to 0.01 ppm by use of a fluorescence detector at conditions of maximum absor-

banoefortheoompo\md.
Sce Table 404-a, following method description, for results of recovery tests.
REFERENCE STANDARDS

Obtain reference standards from repository or commercial sources.

stock solutions (25 pg/mL haoewncofuchot‘fo!lowhg-alluphm
smdard,becunemightmdmg mqmredmennnemlemdeeompodnon
to MBC.) Solutions are stable in acetone and in HPLC mobile phase.
Prepare mixed standard solution by combining 1 mL of each stock standard solution,
empmamtodrynamthgmﬂell:zat(MC)undermof dissolve
residue in 4.0 mL methanol, add 6.0 mL HPLC ion pairing solution, and mix to give
final concentration of 2.5 g/ml. of each standard.

STEPS OF THE METHOD
Choose from these method options:
Extraction (E) Recommended Use ['q
El (p. 4045 mmmm fruits and =
(p ) vegetables

E2 (p.4047) mmwuhmethnol.remonl green coffee beans
of oil with hexane, transfer to

methylene chioride

Tronemittal No. 94-1 {1,/84) -
Form FIA 2805s 18/8€) 404-1
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E3 (p.4048) extraction with methanol, removal roasted coffee beans
of oil with methylene chloride,
transfer to methylene chloride
Cleanup: There are no traditional cleanup steps in this method.
Determination (D) Recommended Use
DL5 (p.4049) HPLC, 4.1 mM ion fruits and vegetables
P ﬂentinmobﬂe s
a :
O ) et i mobile piae. {groc and rosseed)
t .
UV and filuorescence detection
DL7 (p.40414) HPLC, 4.1 mM jon pairing reagent thiabendazole
in mobile phase, changes in
detector settings
Figure 404-¢
Mathod for Benzimidazoles
h A
N
=]
A,
r Y
fruits cther then
citrus, vegetables clhrus grean ooffes beans roested coffes beans

ry

>
m m

allophanate sllophanate

—_—

ik

DL?
thisbandazole

Tronaminal No. 94-1 {1/964
LT ]

404-2 Form A 30050
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VALIDATION
mwemmfmqm“:ndl paigeitb iy 1o Do
El +DL5 .
Validation report:
Gilvydis, D.M. (July 1990) Quarterly Report on methods research, FDA internal
cormmunication
E2 + DL
Validation report:
~ Jacobes, RM., and Yess, NJ. (1993) Rood Addit. and Contam. 18, 575577
E3 +DL5 '
Validation report:
Gifcent commodites) fom Interageacy Agrocment No. FEA 524002475
work ngUSDANau’onalMoniwringdeeddueAmlylilhbaa-
tory,

Teanaminal No. 94-1 [1/54) m

Forvn FOA D00 10/82)
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E1 EXTRACTION WITH METHANOL, TRANSAER TO METHYLENE CHLORIDE

Reference
Gilvydis, D.M., and Walters, S.M. (1990) . Assoc. Off. Anal. Chem. T3, 753761

Principle
Residues are extracted with methanol and partitioned into methylene chloride after
initial acidification and again after subsequent alkalinization of the extract.

Apperatns
Buchner funnel (Buchner), porcelain, 12 cm diameter
- EVapOTALOT, VACUHm rotary
filter paper, sharkskin, to fit Buchner funnel
flask, round-bottom (r-b), 1L
separatory funnel (separator), 500 mL
shaker, mechanical, Burrell wrist action
vacuum filtration flask, 1 L
Reagents
ary it rnast b Gercd hrough 0.2 ham B © T T T
hydrochloric acid, reagent grade, 1 M
mcthanol, distilled from all-giass apparatus
methylene chloride, distilled from all-giass apparats
sodium chloride, 1% agqueous solution
sodium hydroxide, 5 M and 1 M solutions
sodium sulfate, anhydrows, granular, reagent grade; sec Section 204 for
Directions
" Erieomeret k. Add 100 L mihancl and shake 10 Tois oo mechanl

Erlenmeyer flask.
cal shaker. T :nalyzebanana whole » shake vigorously

bandmorﬁ:mechmhlshnh(ng mﬂﬂﬂ "
. mmmnmwidlmcdonﬂ:rwgh&mhnaﬁmdwiﬂ:ﬂmmml

vacunm filtration flask. Rinse Erlenmeyer and filter cake with
50 mL methanol.

¢ Transfer filtrate to 500 mL separstor, and add 10 mL 1 M
acid and 100 mL 1% sodium chloride solution; for low moisture crops,
.fo'what , use 150 mL 1% sodium chloride solution. Mix and

¢ Extract aqueous filtrate with two 100 mL portions methylene chiloride,
shaking vigorously 1 min each time.

Tronamital No. B4-1 (1/841
For FOA 2806 16/92) 404-5
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methylene chloride layers through column of about 70 g sodiumn sulfate,
gﬁe«ﬂnginr—bﬂak.&veaqummbmolhyainwform
extractions.
wmmmmmmmmmmm
Evaporate methylene chioride in rb flask just to dryness using vacunm
rotary evaporator with £30° C water bath.

Dissolve material in rb flask in 4 ml methanol. This exiract contains
residues of allophanate and thiophanate-methyl and some MBC and thia-
bendazole.

Determine residues in this extract with DLS, use DL6 for citros.
Avoid delay in determination to minimive loss of by
degradation.

Drain aqueous methanol phase from separator into beaker. Rinse separa-
tor with two 10 mL portions water, and add rinsings to beaker.

Adjust pH of solution in beaker to 7.5-8 with 5 M and 1 M sodium hydrox-
ide solutions and 1 M hydrochloric acid, as necessary. Do not allow solu-
tion to become strongly alkaline during adjustment.

Return solution to separator and extract with two 100 mL portions methy-
lene chloride, shaking vigorously 1 min each time.

e chloride layers through column of about 70 g sodium
ﬂ%m (Sodium:uﬂ'ameoolnmnmedwiqpud-
ous methylene , above, may be reused.) Rinse sodium sul
fate with about 50 mL chioride and collect in rb flask.
Evaporate combined methylene chloride extracts to drynes in vacoum
rotary evaporator. Dissolve material in r-b flask with 4 mlL methanol. Most
MBC and thiabendazole are recovered in this extract.

Determine residues with DL5, except use DL6 for citrus.
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SECTION 404

E2 EXTRACTION WITH METHANOL, REMOVAL OF O WITH HEXANE,
TRANSFER TO METHYLENE CHLORIDE

Reference
Gilvydis, D.M., and Walters, SM. (Aug. 1989) “Modification of LIB 3217 for
%bendazim(MBC)inGmenanandeoﬂ'eeBm'mmmA.Mvme,

Principles
Residues are extracted from coffee beans with methanol and the filtrate s
acidified. Oils are removed acidified extract by partitioning into hexane,
ex:acted mcd:ylenechlori stiontn M]!Cil‘nduxgewdby

are into A
Mm%wmﬂon&maddﬁdwmimimm
Apparstus

Buchner funnel (Buchner), porcelain, 12 cm diameter

CVRpOTAaLtor, VACURIN TOLATY

filter paper, sharkskin, to fit Buchner fannel

fiask, round-bottom (r-b), 1L

scparatory funnel (separator), 500 mL

shaker, mechanical, Burrell wrist action

vacuum filration flask, 1 L

Resgents

All solvents must be suitable for liquid chromatography and spectrophotom-
etry and must be filtered through 0.2 um fileer.

-hexane, distilled from all-glass apparatus

hexane, methanolsaturated

hydrochloric acid, reagent grade, 1 M

methanol, distilled from all-glass apparatus

methylene chioride, distilled from all-glass apparatus

sodium chloride, 1% aqueous solution

sodium hydroxide, 5 M and 1 M solutions

sodium sulfate, anhydrous, granular, reagent grade; sce Section 204 for

handling directions

Directions

¢ Grind coffce beans, using centrifogal mill, to pess 20-mesh screen.
Yt S S o 0 L By sk

e Filter contents with suction filter in Buchner and rinse
with additional 50 ml. methanol. rate to 500 mL separator.

Tranwnkiel No. 841 {1/84)
Form FOA 2805s /098]

404-7
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* Add to filtered extract in 10 mL 1 M hydrochloric acid and 150
mL 1% sodium chloride Mix and allow to cool.

- » Extract acidified methanol once with 100 mL methanolsaturated hexane.
Drain lower aqueous layer into beaker and discard hexane.

. @mpﬂofwhﬁoninbakum?ﬂwiﬂlsumdlundinmhydml-
ide solutions and 1 M hydrochloric acid, as necessary. Do not allow sola-
tion to become strongly alkaline during adjustment.

* Return solution to separator and extract with two 100 mL portions methyl-
ene chloride, shaking vigorously 1 min each time.

. mmmwmammgm
e/ in rb flask. Rinse sodium sulfate with about 50 mL
med:ylmechloﬁdemdoolleainr-bﬂuk.

4 Ewpu:ummbinedmethylenechh:dcmmdqnuinm

. Dimsolve material in r-b flask with 4 mL methanol. Resi-
duaof will be in solution. Determine with DL6.

ALTERNATIVE:

g “

EXTRACTION WITH METHANGL, REMOVAL OF OlL WITH
METHYLENE CHLORIDE, TRANSFER TO METHYLENE

CHLORIDE

Reference

Gilvydis, D.M., and Walters, SM. (Ang. 19689) "Modification of LIB 3217 for
Carbendazim (MBC) in Green and Roasted Coffee Beans,” LIB 3353, FDA, Rock-

ville, MD

Principle
Roasted coffee beans contain more oil than green coffee beans, so methylene
chloride, rather than hexane, is used to removwe oil.
Directions
L E:_nauuhmmepta&eraddiﬁmdonofﬁlmedmmdmﬁngd

* Extract acidified methanol once with 100 mL methylene chloride, shaking
vigorously 1 min. Drain lower aqueous layer into beaker and discard meth-

¢ Continue, as in E2, by making solution alkaline.

Tranamittal No, 04-1 [1/94)
Farm FOA 28005 10/90
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DLS HPLC, ION PAIR MOBILE PHASE, UV AND FLUORESCENCE DETECTOR

Reference
Gilvydis, D.M., and Walters, SM. (1990) [ Assoc. Off. Anal. Chem. 78, 753-761

Principles

bendazole are jonized in acidic phase and paired with negatively charged
mnmomﬁommdnmdmnwﬁmmmmnﬂﬂm.decﬂvkymdnp&
rate analytes from interfering sample co-extractives.
anophonaue,nmmlattheoondmommmeoohm,mmaﬁbaedbymohﬂe
phase modifications and chromatograph according to RP principles.

UV and fluorescence detectors each to MBC and thiabendazole; UV de-

tector also responds to and allophanate.

Apparstus
Filu'auondevioeform solution: stainless steel filter holder,
SOOmLapaa membeane of 210, 0.45
jm pore size, 4 mmdiamem Use with vaccum 1L
Filtration device for solutions, 10 mL syringe with Loer-Lok tip,
fitted with nylon 13 mm disposable filter unit, 0.45 pm pore size.
HPLC l{lﬁm must meet system suitability test below. Complete systemn

1) mobile phase delivery system, constant volume isocratic pump
2) injecwr.a:meﬁcnmpleiqiecdonmoduk.plduablywhhhopvd-

3) analytical column, 25 cm x 4.6 id, containing highly end-capped
‘ 5pm0-18bondedsil?;mnbi.::mfnrchmmphyd‘bmcmm—
4 column, with
) guard c_losompnﬁblemamlydml packed same or
5) column oven, with configuration that accommodates guard and analyti-
cal columns

6) variable wavelength UV detector or photodiode detector, equipped
) with flow cell of about 8 ul. * oy
D g:ﬁuucmeedm , dual monochromator, equipped with 5 uL flow

8) recorder, strip chart recorder or computing integrator compatible with

Reagents
I-decanesulfonate, sodium salt, 98% pure
jon pairing solution, 4.1 mM 1-decancsulfonate, sodium salt. Pipet 7.0 mL
phosphoric acid into 200 mL HPLC grade water; dissolve 1.0 g 1-
sodium salt in this mixture. Pipet 10.0 mL triethylamine
into solution and dilute to 1 L with HPLC grade water. Filter
<1 pm porosity membrane. (pH of solution should be about 2.4.)

Trenamittal No. 941 (1/84]
Form FOA, 2805e 16,792} 404-9
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methanol, distilled from all-glass apparatus

mobilephae.prcrred mixing manually 65 jon pairing solution with

35 parts methano (Do&mkmobﬂephueﬁgﬁm,bmm

mﬂ:magneﬂcsﬁrm.'

phosphoric acid, 85%

tricthylamine, 99% pure

water, HPLC grade, commercial or prepared from water purification
that ik 2 of be

;yls;em produces distilled, water. Resistivity of water must

System Operation

¢ Connect fluorescence detector in tandem with (following) UV detector.

¢ Set column oven at 40° C and equilibrate system with mobile
phase at flow rate of 1.5 mlL/min for 230 min or until constant retention

times are achieved for all four analytes.

¢ Rinse system with 50% methanol/water when not using for extended
riod (eg., 224 hr). When not in use for shorter periods, maintin
flow (0.1-0.2 ml./min) of mobile phase to prevent salt deposition.

¢ To rid column of highly retained components as necewary, rinse
column with methanol after rinsing 50% methanol/water; then rinse
phase must be rinsed from colamn with aqueous solvent -ddhg
methanol and vice versa to avoid salt precipitation and possible dogging

bendazole. Adjust detector and/or sensitivity so that 40-720% full
scale deflection (FSD) is obtained for 62.5 ng of cach standard (25 pL
mixed standard solution).

¢ Operate fluorescence detector at excitation wavelength of 280 nm (20 am
slit width) and emission wavelength of 310 nm (10 nm slit width).
detector, attenuator, and/or recorder sensitivity so that 60-80% B
ommm:gmc(zsnmwmnum

¢ Alternatively, use W fiuorescence detector and
wzv:lmgtbprnmmﬂ:or array UV detector for concurrent de-
terminations

3 residues at optimum wavelength settings for each.

Systesm Suitability Test
Sce Chapter 6, HPLC, for further information about evaluating HPLC systems.

* Prepare mixed standard solution (2.5 for each compound) as di-
mmmm‘a&&ummm&d

solutions of 4 ng/\L and 0.4 ng/pL.
¢ Allow HPLC system to equilibrate at conditions described in System Opera-
tion.

404-10

Tranawinal Nu. 941 [1/99
Foren FDA 05000 V5D



Pesticide Analytical Manuel Vol. | SECTION 404

¢ Inject at least three 25 25 mixed standard solution.
lject cast AL portions 2.5 ng/ul
1) retention time and peak height for each peak; relative standard de-
viations (RSD) for repetitive retention times and peak height mea-
surcments
2) column efficiency (N) for thiabendazole peak
3) asymmetry factor (As) for thiabendazole peak
¢ Inject each of three different concentrations of mixed standard solu-
tions (10-100 ng/25 uL. injection). Plot peak height va. amount injected.
* HPLC systems adequate for analysis for benzimidazoles will meet follow-
minirum criteria: retention times of about 8, 15, 18, and 23 min for
, thiopbanate-methyl, MBC, and thiabendazole, respectively
(retenﬁonﬁmamay among columns but should remain constant
ﬁrp;mcuhrogohm) wjigﬁrmdonmmdd%for
ts of individual peaks in three consecutive chromatograms;
EOWMMdstM

. Memnmmm?mhmmwhg

¢ System will typically respond linearly to l&lwngd‘ad:mmad.
but linear unynryamongm?ed’wmqmdnﬂvemlpu
only within linear range of system as determined above. Di-
lute sample extracts as needed to permit injection of analyte level within
linear range. Adjust amounts inj 30 that peak heights of analyte
and reference standard do not >25% from one another.

Directions

SeeFigurebeortypu:lchmmmgnmapmdmedbyHPLCm
ToexumﬁomEl-ES (dissolved in 4.0 ml. methanol), add 6.0 mL jon

¢ Filter 0.45 pm porosity membrane; filter will ping as solution is
ﬂﬂed. only volume needed for HPLC determination, about 1

¢ Inject 25 pL saumple solution and chromatograph as described in System

¢ Compare chromatographic retention times, heights, and/
wm)wkhﬁudmmmmm

¢ If further dilutions are necessary, use mixture of 4:6 methanol:ion pair-

ing solution as diluent.

¢ To convert calculated MBC (MW 191.2) to equivalent benomyl (MW
290.4), multiply by 1.52.

¢ To convert calculated MBC to equivalent thiophanate-methyl (MW 342.4),
maltiply by 1.79.

. m&mm-:mwwmm‘m

equivalent to about 0.5 cach of
and thiabendazole; pakofw%FSDnthuewndldommpm-

sents about 0.3 ppm.

Fore Pk R o/ B 404-11
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>
Chrometogrems of:  [A) psech edrect partitioned from the acidic phass of 404 E1, B)
standard aclution, [C) peach extrect mmuﬂ:p—smﬂ HPLG operetion
a8 directed in DL5. Sampie containe 0.14 ppm feldincurred MBC.
ALTERNATNVES:
M DLE HPLC, CONCENTRATED ION PAIR MOBILE PHASE, UV AND
ALUORESCENCE DETECTOR

Reference

Gilvpdis, DM., and Walters, SM. (Aug. 1989) "Modification of LIB 3217 for
mmmmmwmm LIB 3353, FDA, Rockville,

Principles
Concentration of jon pairing reagent is increased eight times to increase k' values

of analytes and improve separation from early eluting co-extractives.

Adlﬁﬂunlnequ

pamlﬁsoluﬂon,&.?mll 1-decanesulfonate, sodium salt. Pipet 7.0 mL
phosphoric acid into 200 mL. HPLC grade water; dissolve 8.0 g 1-

decanesulfonate, sodium salt in this mixture. Pipet 10.0 mL
into solution and dilute to 1 L with HPLC water. Filter through <1 pm

porosity membrane. (pH of solution sh be about 2.4.)

3404-12

$9
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wiﬂ:ﬂpammemol not mix using Bl:f:reuse,depby
sparging with helium while stirring solvent magnetic stirrer.

Directions

404c for depiction of i i
(s’;emiigm ”mdwnmwmm

¢ Perform HPLC determination as in DL5, except use ion pairing solution
and mobile phase described here. At these conditions, clute in
about 26 min.
Figure 404c
Effect of lon Pairing Solution Concentretion on Chromatogrephy of MBC
UV Detactor
MBC
Auarescance Detecter
MBC
oﬁ j* 0 minutes 28

HPLC oparuind ws directed in DLS, 4.1 mM 1-dnsanasdioncts, sodhan salt

UV Datsctor
Pucrascence Detecter
MBC
0 mimes 27

HPLE spuried o direstadd In DLE, 38.7 wiM 1-dusanasullsnche, sndhunm ask

Chromatograms of axtract from green coffes beans. extractad according to 404 E2, end
chrometogrephed st conditions directed in OLS and DLB. Superimpossd chrometogrema of

MEC represent 0.3 ppm.

o 40413

(R
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M DL7 HPLL, ION PAIR MOBILE PHASE, CHANGES IN DETECTOR
SETTINGS

Reference
Gilvydis, D.M., and Walters, S.M. (1990) [ Assoc. Off. Anal Chem. 78, 753-761

Principle
Changes in detector settings provide increased sensitivity to thiabendazole.
Directions
® Perform HPLC determination as in DL5, of UV
Perfor HFLC deverminaton I, DLS cxoep ot rvelengy of UV
lengths of fluorescence detector to 305 and 345 nm, respectively.

¢ Dilute sample extract containing thiabendazole and rechromatograph.
UV detector response to thinbendazole at this setting will be about twice

that obtained at 280 nm, and finorescence detector to thia
bendazole will be about 10 times that obtained at 280 and 310 nm.
CONFIRMATION
See Section 108 for additional information about confirmation.
Confirm initial findings of residues by with alternative systerns

described here, as appropriate to residue(s)

104-14 Fore FOA S005e 10/90)

Ll
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Table 401-a: mydammwwmm1 E1£2+C1+0L1)

Chemical Recovery' Rre* ng' Notes
2,3, 5-aimethacarb C
3,4, 5-trimethacarb C
$-hydroxycarboforan C 0.6 10
P (70%)

phenyl methylcarbamate

i C
phenyl methylcarbamate
Sketocarbofuran V (67-110%) 0.85 11

C

phenyl methylcarbamate
aldicarb C 083 14
aldicarb sulfoxide P (50-60%) 0338 9
aldoxycarb C 04 9
bendiocarb C 1 10
bufencarb C 144 19 Major peak is Bsted.
butocarboxim C 0.75 15
carbaryl C 1.06 7
carbofuran C 1 10
dioxacarb Cc 067 15
ethiofencarb P (7082%) L1 15 Breaks down to 2 peaks; other rrt 0.5.
fenobucarb C 147 10
isoprocarb C 113 8
methiocarb C 126 10
methiocarb sulfone C 0™ 1
methiocarb sulfoxide C 064 12
methomy! Cc 046 10 32% recovery from peanuts.
metolcarb C 08 10
oxamyl C o4 10
promecarb C 151 10

! Codes: C: complese (>80%); P: partial (30-80%); 5 small (<50%); V: variable (approxizamte percentage when known);
R: recovered but no quantitative information svailable: NR: not recovered.

* Resention time, relative 0 carbofuran, on C-8 column described in DL1.
* ng that canee 50% full scale deflection desecsor responee in DL1.

Forem O 20 10750y ) TABLE 401-2-1
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Table 401-a: Recovery Through Method 401 [E1-£2 + C1 + DL1)

Chemical Recovery' Rett  ng®  Notes

propoxur C 098 -]

thiodicarb P (40-60%) 098 11 Recovery C if analytical breakdown
product (methomyl) also measured.

XMC C 106 10

TABLE 401-6-2 T e FOA 2080 /8

V>
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Table 401-b:  Recovery of Chemicsls Through Method 401 [E1-£2 + C1 + DL2)
{methanol axtrsction, cisanup with partitioning and chercosl/Calts column, HPLC

with fluorescence

Chessical Recovery' Rrt* _ng'  Now'

carbaryl C 1.06 3 Ex L 288, Em L 350.

carbofuran A 1 90 ExL 288, Em L 350,

CGA 161149 V (4399%) 0.73 10 Ex L 288, Em L 330.

CGA 195654 S (15-192%) 057 3500 Ex L 288, Em L 330.

dioxacarb C 0.67 180 ExL 265, Em L 204

fluomettron V (60-100%) 1.09 50 Ex L 288, Em L 330. Low level resicloes
may be obecured by matrix interferences.

isoprocarb C 1.13 570 Ex1 264, Em 1. 292.

naphthaleneacetamide P (77%) 0.75 3 Ex 1. 288, Em L 320. For C rec., clue
charcoal with additional 100 ml. petr ether

napropamide C 1.36 4 Ex L 288, Em L 330.

phosalone c 1.7 90 Ex L. 288, Em L 330.

phosalone oxygen analog C 13 90 Ex L 288, Em L 330.

piperonyl butoxide C 1.74 5 Ex 288, Em L 330.

propoxur C 0.98 0 Ex L 276, Em L 300.

! Codex C: complese (>80%); P: partial (50-80%); S: small {<50%); V- wrishle (spproximste percentage when known);
R: recovered but no quantitative informaation svailahle: NR: not recovered.

* Reteniion time, relative %0 carbofioran, on C8 column described in DLI/DER.

? ng that cause 50% full scale deflection detector response in D12,

1 Excimtion (Ex) snd emission {(Em) wavelengths found optimram for the chemical

Foree TN 0080 R TABLE 401-b-1

Farm FOA 2805 16/98)
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Table 402-a: Recovery of Chemicals Through Method 402 [E1€7 + C1 + DG1 or

DG3 or DG4}
{axtrection from acidiied mixture, GPC, methylstion, and Florisll clserup,
~ datarynination by GLC)
Chemical Racovery*? Noter™® _
2,3.5,6tetrachloroteres EL: NR Methylated completely, but did not eluse from
phithalic acid GPC.
E2: NR
2,3 S-triiodobenzoic acid El1:V (66-86%)  No ester reference standard.
E2: V (79-138%)
23.6TBA El: C
E2:C
2,3.dthydro-3,3-methyl-2-oxo- EI:NR Chemical did not medhylate.
5-benzofuranyl methyl sulfonate E2:NR
245T El: P 79% mean recovery, 31% CV, 0=270, nonfat and
fat.
E2:P
24D El:P 72% mean recovery, 34% CV, n=186, nonfat and
fat,
E2:P
24DB ELI:C
E2:C
,3-methyl- E1l:NR Chemical did not methyiase.
5-benzofuranyl methyl sulfonate E2:NR
3,5,6-trichloro-2pyridinal NR Some (<20%) recovered in 100mL ethyl ether.
3,5-dibromo-4-hrydroxy= 8 (042%)
benzoic acid
$-carboxyS-ethoxy1,2. 4thiadiazole NR Methyl ester not elused from Florisil column.
3-chlorosulfonamide acid NR Complete recovery from Florisil only, 14% from
GPC.
S-methyl-4-nitrophenol Methyt ether completely eluted from Florisil, but

cly 30% from GPC.

1 Codes: C: complese (>80%); P: partial (50-80%); S: small (<50%); V: warinble (approximate percentage when known);
R: recovered but no quantitative information awilable; NR: not recovered.

t Extraction module wwed during wsting (eg:, E1) is indicated with each result.

3 Florisil eluted with Eluant 1 and Eluant 2 only; chemicals elnted in ethyl ether (XE) are considercd NR dwough basic method
2 normally performed.

4 Ester/ether elutes from Florisil with Eluant 2 unless otherwise noted.

§ When no reference material available for ester/ether, recoveries calculated againat acid/phenol methylassed per method.

o FOR E505 Sy TABLE 402-a-1

Farm FOA 2605e 18/82)
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Table 402-e: Recovery Through 402 [E1£7 + C1 + DG1 or DG3 or DG4)

Chesalcal Recovery*® Notes™
4-chlorobenzoic acid El:§ (27.66%)  Low temperamre column needed o detect methyl
ester.
E2: S (276%)
4CPA El:S (3269%)  Chromasographs only on wide bore GLC. No ester
reference standsrd.
E2C
6-chloropicolinic acid NR Methylases, but methyl eser does not cluse from
Florisil. :
AC 263,222 ammonium mit NR Methyl ester not elused from Florksil,
acifioorfen EL: P (54-69%)
alloxydim-sodium EI: NR Does not methylate.
E2:NR
arsanilic acid Compound did aot methylate under method
conditions.
benazolin ELNR 28-32% recovered if Florisil eluted with addisional
100 mL EE,
E2:NR Complete recovery if Florisll eluted with additional
100 mL EE,
bifenox ELl:C Parent is methyl ether.
E2:C
bromacil E2: NR Complete recovery if Florisil elured with addi-
tional 100 mL EE.
bromofencxim El: P (57-86%) No ether reference standard.
E2:C
bromoxynil EL: P (5068%)  No ether reference standard.
E2C
chloramben El: § (40-43%)
E2: P (4959%)
chloroxuron El: NR Does not methylate,
E2: NR
clofencet potassium salt NR Does not methylate.
doprop El:P (5066%) Chromatographs only on wide bore GLC. No ester
reference
E2C
Tranadusl No. SBE1 (/803
Fare FOA 2605 10/98)

TABLE 402-e-2
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TABLE 402-a

Table 402-a: Recovery Through 402 (E1-€7 + C1 + DG1 or DG3 or DG4)

Chemical Recovesy** Noter**
CP 106070 NR Does not methylate.
CP 106077 NR Some methylation, but does not elute from GPC.
CP 108064 EI:NR NR through method even in 100 ml. EE; recovered
from GPC only, Florisil only.
E2:NR Complete recovery if Florkil eluted with additional
100 mL EE.
CP 108669 NR Some methylation, but does not eluse from GPC.
CP 92429 NR Does not methylate.
CP 95200 NR Some methylation, but does not ejuse from GPC.
CP 97290 NR Does not methylate.
cyclanilide El:C
E2:V (45-67%)
dicamba El: P (71-76%)
E2:C
dichlorprop E): C (80%) No ester reference standard.
E2: C (72-104%)
diclofop El: S (43-51%)
E2:V (81-200%)
dinoseb ELI: NR Does not methylase.
E2:NR
disul-Na El:NR Does not methylase; parent 50% recovered i
PFlowisil elnted with 100 mL EE.
E2:NR Does not methylate; complete recovery of parent
with 100 mL EE.
DNOC El: S (45-50%)  Nitrogen detector required. No ether reference
standard.
E2:C
dodine EL: NR Does not methylase.
E2:NR
fenac El: C (7402%) No ester reference standard.
E2C
flumesulam El:NR Methylated product not soluble in hexane.
E2:NR
Form POA B0 (/1 TABLE 402-e-3
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Table 402-a: Recovery Through 402 [E1-€7 + C1 + DG1 or DG3 or DG4)

Chensical Recovery*® Notes™
Buroxypyr El:S(2330%)  Two peaks resuls; 3-7% more cluted with100 mL
EE. No ester refstd.
E2:P (64-77%)  Two peaks remilt; complete recovery with 100 mL
EE. No ester ref std.
haloxyfop E2: P (54%) Florisil chution with 100 mL EE not tested.
HOE-038182 El:NR Methylation was complete, but ester not recovered.
E2:S (3041%)  Elution from Florisil only with cluant #2 + 100 mL
EE
HOE- 099730 NR Does not methylate,
imazamox NR Methryl ester not eluted fromFlorisil.
joxynil El: C (80-87%)  No ether reference sandard.
E2:C
iprodione urea NR Methyl ether not eluted from Florisil
MCPA El: C (78-89%)
E2:C
MCPB El: C (70-106%) Chromatographs only on wide bare GLC. No ether
reference standard.
E2:C
mecoprop El: C (7384%) Wide bore GLC recommended. No ester refierence
standard.
E2C
PB-7 EI: NR Complete recovery if Florisil eluted with addi-
tional 100 mL EE.
E2: NR
pentachlorophenol EL: P 70% mean recovery, 31% CV, n=275, nonfat and
fat.
E2:P
picloram EI: NR 6-10% recovered if Florisil elused with additional
100 mL EE.
E2NR recovery if Florisil elused with additional
100 mLEE
PPGO47 ELl:P (4978%)  Two pesks from methylation; only one seen by
halogen detector.
prrithiobac-eodium El: S (713%) Additonal 31-34% recovered if Florisil eluted with
. 100 m] EE.
ABLE 40Red s A
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TABLE 402-a

Table 402-a: Recovery Through 402 [E1-£7 + C1 + DG1 or DG3 or DG4)

Chemical Recovery*® Note™®
RFPA203328 NR Small (0-34%) recovery in 100 mL ethyl edher.
silvex EXl:C
E2C
triadimenol El: NR Methyl ether not ehnted from Florisil,
E2NR
triclopyr El: C Recovery from farty foods may be <50%.
E2:C
vinclozolin metabolite B El: S (26-43%) Methylaied product is parent vinclozolin; 62%
recovery through Florisil only.
E2: S (27-43%)
P T 200 /501 TABLE 402-e-5

H
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TABLE 403-e

Table 403-a: Recovery of Chernicals Through Method 403 (E1 + C1 + DL3 and DL4)
{meathanol axirection, MWMWWW HPLC wth

post-cokimn photolysis and derivetization,
DIL3: Methamol/ DiLA: Acotonltrile/

‘Water Mobile Phase ‘Water Mobile Pluee
Chemical Recovery' Ret* Notes* Ree® Noses®
chlorbromuron C 116 LD 0.006, LQ 0.022 1.28 LD 0.008, LQ 0.011
chlorotoluron C 0.87 091
chloroxuron C 125 LD 0.002, LQ 0.008 128 LD 0.001, LQ 0.003
divron C 1 LD 0.002, 1O 0.007 1 LD 0.001, LQ 0.003
ferruron C 0.42 049
fluometuron C 087 LD 0.002, LQ 0.006 093 LD 0.001, L 0.003
isoproturon C 0.96 1
linuron C 1.12 LD 0.004, LQ 0.014 123 LD 0.005, LQ 0.017
metobromuron c 091  LD0.004,LQ0.015 104 LD O0.00¢, LQO.OI4
metoxuron C 0.62 0.67
monolinuron C 091 099
monuron C 0.72 0.7%
neburon C 134 143
siduron C 1.08 1.16

1 Codes: C: compiese (>80%); P: partial (50-80%); 5 wnall (<50%); V: variable (approximase percentage when known); R:
information

recovered but no quantitative

aswailable; NR: not recovered.

* Retention time, relative to dikron, on the HPLC spotem described.
3 LD, Emit of detection: concentration {(ppm) of phenylurea found to cauee response three tisses bascline nolee; L, s of

quantitation: concentration (ppm) found o cavec response 10 times buseline noiee.

Tranarmhael No. SBE$ 19/98)
Farm FOA 2505 18/92}

TABLE 403-8-1



Pesticide Anaiyticel Menual Vol. | TABLE 4048

Table 404-a: Recovery of Chemicals Through Method 404 (E1-E3 + DL5)
{methenal extrection, partitioning into methylene chioride, HPLC with ion pairing mobile

phase and UV and fluorescence

Chemical Recovery' Notes

allophanate C Determined by UV detector at 250 nm.

benomyl C Determined as MBC {carbendazim) by UV detector at 280
nm.

MBC* C Determined by UV detector at 280 nm.

thiabendazole C Determined by UV detector at 280 nm; confirm, incresse
sensitivity with DL7.

thiophanate-methyl C Determined by UV at 280 nm; degrades in extract, must be
determined quickly.

1 Codes: C: complese (>80%); P: partial (50-80%); S: amall (<50%); V: wrinbic (spprozimate percentage when known);
R: recovered but no quantitative information swailable; NR: not recovered.
t Residue may result from use of (1) benonmyt, never found as a residoe iteelf, because it is rapidly conversed w MBC;
{2) thiophanate-methyl, which degrades slowly wo MBC; or (3) carbendazim, a8 MBC i called when weed as a fungicide ismelf

{not registered in the US).
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