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ANALYTICAL METHOD FOR THE DITERMINATION OF
CYMOXANIL IN WATER USING LIQUID CHROMATOGRAPHY

Edwand €. Nathun and Sidney ). Hilt

SuMMARY

. ' This report describes 2 method which can be used for analysts of
cymancanil frr water samples. It quantitates cymoxanil at a level
of approximately 2.0 ppb or above in 100-g water samples and
detects cymooani] residues at a level of approxdmately 0.5 ppb in
100-g samples of water. Water samples are passed througha
precanditioned carbon black castridge where cymoxanil is

Onto & silica solid phase extraction (SPE) cartridgs, etuted,
concentrated, and anatyzed by reverse-phace HPLC using UV
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L. INTRODUCTION

A Scope L . . - - ..
Cymoxanil (DuPont Identification No. DPX-T3217} is the active
ingredient in Curzatm® Fungidde, 2 DuPont agrichemical used for

2-Cyano-N-{{ethylaminc) carbonyl}- .-(methoxyxminnmln Jacetamide
. : i}z . .
CAS Registry No. 57966-95-7

~ Asa result of its use for disease control In crops, there is need for

an analytical mathod to selectively detect residues of eyrmoxanil in
water samplas. This report describes a suitable method. The
mthodhubemappﬁedmdmlevﬂsof:ymmnnat
approximately 0.50 ppb er above in 200-g water samples.

Select hysicalpmpezﬁsméamcel)ofcymmnﬂmu
fdlnwp: . .

Melting Point: _160-161°C
Solubllity 25°C)k

Water . Ig/kg

Acetcne 105g/kg

Hexane _ <lg/kg ..
Stableat pH2 to 7.3 ’

Note:  Cymexanil is chomically stable between a pH of 2.9 and ngd
imally stable bekween o pH of epproximately 5.0 and 6.
{Reference 2). ' - -

B.  Principle
Ona-lumdredgrammmsamplsmpreﬁltemdlhmqghn
0.45-micron flter to remove suspended solids if necessary. The
resulting solution Is passed through a 500-mg carbon black

cartridge where cymosanil is retained. Cymoxanil residuesare .

.‘-.-...-—_.. . - B A---‘-w A

B i
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ehltedhvm&\amqubhtkmn'idgeandugelmmis_ L
concentrated, exchanged into ethyl acetate solvent, and diluted =~
with hexane. Tha:es_ulﬁngsoluﬁonisﬁmherpu:iﬂedbypamga
thzoughasoo-ngsﬂlcncnﬂridgewha-ecymgarﬂhreuimd.
After elution of cymoxanil from the silica cartridge and -
concentration, the sample is exchanged into acetonitrile, diluted
w&haqummlOliGIzPO4bufﬁu(pH=?.9),mdmalymdby
reverse-phase HFLC using efther a 15-cm x 4.6-mm SB-C8 or
SB-CIN column. Cymonanil is detected by UV absorption at
245 nm (see Figure 1 for a representative UV spectrum of

- Cymaoanil {s separated from matrix impurities such
uﬁdﬂcmdlnihunﬁcadﬂaaﬂowingdetecﬁmatnppmdmamly
0.50 ppb (Limit of Detaction or LOD). Using the method, the
overall average recovery ¢ standard deviation) of cymoxanil from
four different types of fortified water samples
60 fortified samples was 98% 1 10.8% with a relative standard
deviation of 11.1%. Cymnoxanil residues can be analyzed using a
SB-C8 column and confirmed using a SB-CN colummn

.

Il. MATERIALS AND METHODS
A Equipment

Almmeqmpmmmaybesubsﬁmtzdforlhefouomgunles
- otherwise indicated,

: FHowevet, if substitutions are mads, care
mst be taken to establish that method performance is equivalent.

Aralytical Balances '

A Mettler AE 160 balance capible of weiging to 0.0} mg was
used to weigh the analytical standardg. A Metiler Model PES00

P i gbalmapab!eofwﬁglﬁngmdﬂm_gwasus_edhn:n ‘
other weighings, . : o .
(Metiler Instrument Corporaticm, Princeton, N.J.).

- Centrifuge Tube .
" Pyrex® Coming 8084, S0-mL capacity with standird taper #16

stoppet, 28-mun OD x 151-mm length, VWR Catalog #21045-050

* '(VWR Sdentific, Bridgeport, N.J.).

Cenirifuge Tube

Kimble 45176, 13-mL capacity with flat head stopper, 17-mm OD x
130-mm length, VWR Catalog #21054-187
(VWR Sciensific, Bridgeport, N.J.).

Rl
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Mobile Phase Filters and Vacuum Filter Apparatus

0.45-um pore, Type FLA Jow water extractable TF filter, Millipore
Catalog #ELATF 047 00. This filter is used to filter 10-mM aqueous
KH2PO4 buffer (pH = 2.9) and any water samples that contain
suspended :natter prior to analysis.

0.5-tm giors, Type FH Fluscopore tnembrane Slter, Miltipore
Catalog #FHUP 047 00. This flter is used o filter the arganic

Millipare vacuum flter apparatus consisting of a glass filter holder
#XX1004700, o ground glaxs base with stopper #3CC1004702, a
funnel cover #XX2504754, and & 1-L fiter flask #01004705. This
apparatus was used to flter all mobile phase solvents and
solutions.

(Millipare, Inc., Milfcrd, MA),

Syringes . - . L B

2.5-mL disposable plastic syringes, Part #Z11685-8

(Aldrich Chemical Co., Milwaukee, WT)

Hamilton syringes were used to prepare standards and transfer
fortification solutions.

pH Meter *

Fisher Scientific Accumat™ pH Meter Model 915
(Fisher Scientific Co., Pittsburgh, PA)

Ultrasonic Bath

Branson Model 3200 Ultrasonic Bath
(VWR Sclentific, Bridgeport, N.J.).

Mixer

Viartex Génie 2
. (VWR Sdentific, Bridgeport, N.J.).

Graduated Cylinders -

* Kimax® 10, 25, 50, 100, 250, 500, and 1000-mL graduated eylinders,
-Catalog #24713-053, #24713-075, #24713-097, 24713111, #24713-
144, 824713-166, and #24713-188, respectively

(VWR Sclentific, Bridgeport, N.J.

o1

Y7



‘DuPont Report No. AMR 3683-95 .

. DuPont Report No. AMR 3430-95

Volumetric Flasks

Pyrex® 10, 50, and 100 vaolumemcﬂash Gmlog #29619-201,
#29619-233, and #29615-234
(VWR Sdentific, Bridgeport, NLJ.).

Beakers

Pyrex® 250 mL Double Scale Griffin beaker, Catalog #13912-207
(VWR Sdentific, Bridgeport, N.J.).
Samping Bottles

AmbaglmBmmmmdbouias,!@em,Supertm\dAnﬂyud |
1000 mL (32 02), case of 12, Catalog $IR349-1000
(VWR Sdentific, Bridgeport, N.J.)-

HPLC Sample Filtrs

Millex®-HV13, a&smls-mbmpomﬂmrmis.wog
#STEIVO1aMS
Ouillipore, Inc, Bedford, MA).
Pipets

Disposable Pasteur Hpels BorouhmbeGass,S—hch]mgﬂy
Catalog #14673-043 . . L.
(VWRSdenhﬁc.Bridgepon.NI)

Solid-Phase Extraction Columns

Supelclean™ Envi™-Carb SPE Tubes, Catatog #5-7094,
6&mL/500-mg carbon black absorbent. Do ntot substitute.
(Supelco, Inc., Bellafonte, PA).

Silica Bond Ehut® Extraction Column, Part #1210-2(1!7
3-cc/500-mg silica absorbent. Dn.nnmhaﬂm
(Varian, Inc., Harbor City, CA).

Extraction Apparatus
« . Visiprep™ Solid-Phase Extraction Vacuum Manifold, Ca!alng
#5-7030M. .
.({Supelco, Inc., Bellefonte, PA).
Nole  This vacuum manifold is equipped with individual flow control
oalues sa that the flowrate for each SPE column can be

individually controlled. Vacuum must be adfustable to properiy
control solvent flow through reserooirs stacked on top of carbon

10
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black or silica cartridges. The muifold used for this method
15-mL Reservoirs, Part #1213-1010

(Varian, Inc., Harbor City, CA).

73-mL Reservoirs, Part #1213-1012

(Vasian, Inc., Harbor City, CA).
Adaptusiarcn!nmnmmecdm.pachgaoﬂﬂ,

Product Number 712200 . '

{J. T. Baker, Phillipsburg, N.J)

Evaporator . ) :

N-Evap Model I Laborawry Sample Evaparator attached toa
nitrogen source e . . .
(Organomation Assoctates, South Berlin, MA).

Liguid Chromarograph )
Waters 600E Pump and Controller e
MﬂenDlviskmomelmIn:.,Mllford.M).

WatestlSPm.Aumumequ!ppedMﬂuzu-nﬂ.syﬂngemd
cooling module e - c

(Waters)

Waters Temperature Control Module

(Waters) .

Waters Column Qven

{(Waters) -

Applied Blosystems 783A Programumable Absorbance Detector
(Applied Blosystems, Inc., Foster Cuy, CA).

Hewlett-Packard HP3396 Series Il Integrator

(Hawlett-Packard, Wilmington, DE).

HPLC Col . ..
Pre-Column - :

DuPont Zorbax® SB-C8 40- x 12.5-mm, 541 Rellance Cartridge
* Guard Column, Part #820674915 = -

or
DuPont Zorbax® SB-CIN 4.0- x 12.5-mm, 5+t Reliance Cartridge
Guard Column, Part #820674.916 . '
Column end-fittings, Part #820529.903

(Mac-Mod Analytical Inc., Chadds Fdrd, PA).

DuPont R&port No. AMR 3683-95. .
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Columns

DuPontZurbax‘SB—CS“M:tlSmS—l.lMﬂyhulColm
Pﬁt#mm !

- Ao

DuanZarbuOSB-CN“mxISmS#AnﬂytcalCohmu
Part 4883975905 .

(Mac-Mod Analytical Inc., Chadds Ford, PA).

Note: Onlyﬁeamwmhmmmmmvﬁzmm-y
separation for this analysis, Similer cohumms rright be
substituted brut satisfactory performance would have to be

; established and validated. These colurmmns have
been MIOMMCWHWPH
3.0. Each precolumm (5B-C8 or SB-CN} toas used with its

mdymlmhmm. Zorbax® RX-C8 and SB-C8

corTespording
mhmmmidmﬂmi

Autosarspler Vials

Wammt.vuh,rm#mo. If necessary, lowvolumeglm
mﬂumdspﬁng;mbeused,?utm .
(Milhpom,}-m&nd,MA)

B. Reagents and Standands

Equhrn.lent reagents may be substituted based on local availability.
I substitutions are made, care shouid be taken to establish that
impurities are not introduced that interfere with cymonanil based

on HPLC analysis of final reagents such as solvents or buffer
solutions needed for analysis.

HPLC Grads Water

Delonized water passed through a Milli-Q® Plus Water
* Purification System, Catalog #ZD60115UV
(Millipore, Bedford, MA).

Dickloromethane

-EM Omni Solv®, residue grade solvent, Catalcg #DX0831-1
.(EM Science, Gibbstown, N.J.).

*Warning - Dichlammlhax\eisasuspemdmmgen Use this
solventin a fume hood.

Acetonitrile

EM Omni Solv®, HPL grade solvent, Catnlog BAX0142-1
{EM Science, Gibbstown, N.J). . ¢
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a2

Ethy! Acetate

EM Omni Solv®, HPLC-grade solvent, Catalog #EX0241-1
(EM Sclenc¥, Gibbstown, NI~ "

Hexane Lo
- EM Omni $olv®, HFLC-grade salvent, Catalog SEDX296-1
(EM Science, Gibbstown, N.J.).

Methanot

MOﬂuﬁSu]v‘,!mC-gmdewlmt. Caulog#m(MBS-‘l
(EM Science, Gibbstown, N.J). -

Potassium Phosplute Moncbasic, Crystal (P00

Baker Anal Catslog #3246-05
¢.T. Bakuﬁudupsmum.' oo

Phosphoric Acid (HsPOg) . . - o oo oo ' ..

Baker Anal Rea, 85% i
Cataiog Yze."I gent, reagent grade, 85% phosphoric add,
. T. Baker, Phillipsburg, N.JJ). )
Cltric Actd, Anirydrous Gramsiar

mm%s%dmm&uhgmm
(EM Science, Gbbstown, NIJ) o T
Cymozanil (DPX-13217). . . e eme .
Analytical standard grade cymaxanil, DPX-T3217, Lot #54, 99.9%
pure, available from DuPont Agricultural Products, Global
Technology Division i
{E. 1 du Pont de Nemours and Company, Wilnington, DE).

C. Preparation of Solutions

10-mM Potassium Difydrogen Phosphate, pHa 2.9 - -

Dissolve 274 g of potassium dihydrogen phosphate (KE;POy) in
20 liters of Milli-O® water in a beaker. Use = magnetic stirrer to
assist salution of the salt. Adjustthe pH to29by dropwise

- addition of conc. B5% phosphoric acid (approximately § to

* 18drops). Filter the solution through a 0AS-m filter prior to use.
Prepare fresh buffer every two weeks to avoid farmation of
sediment and bacterial growth.

13
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Note  The weight of potessium ditydrogen phasphate must be
fmmdﬁgnwu‘ﬁ:&mm#w;;?:yﬂmtm&
mtinmwgqgsdfwbgﬂ’nprmm.

30% Dichloromethanc{10% Methasol (ofo)

To a 500-mL graduated cylinder, add 450 mL of dichloramethane.
Mas:ueSOmLofmeﬂmnplinlsmdgnduamdcyMumd
add this to the 500-mL graduated cylinder. Do not adjust the firal
volume to 500 mi. Pmparel:hbsn!nﬂonweekly

' obm e 0% Etigt Acsiate ofos
To a S00-mL graduated cylinder, add 450 mL of hexane. Measure
50 mL of ethyl acetate in a second graduated cylinder and add this

to the S00-mL graduated cylinder. Do not adijust the final volume
to 500 mL. Prepare this solution weekly. -

40% Hevane/60% Ethyl Acetate/Methanal (ofo)

TanSDO-ngndunbedcy!hdu,udd!OOmL_ufhm Measura
300 mL of ethyl acetate in a second graduated cylinder and add
this to the 500-mL graduated cylinder. Add 4.5 L of methanol to,
the graduate. Do not adfust the volume of tha final solution.
Pttpmthiswluﬁcnweekly.

82% 10 mM KHyPOy, pH = 2.5/18% Acetonitril (ofo)

To'a 1000-mL graduated cylinder, add 820 mL of 10 mM potassium
dihydrogen phosphate buffer, pH o 9. Measure 180 mL of
acetonitrile in a second graduated cylinder and add this to the
- 1000-mL graduated cylinder. Do not adjust the final volume to
1000 milliliters, Frepare this solution every two weeks,

$0% 10 mM KH3POy, pH = 29/50% Acetonitrilz (ofo)

To 2 1000-mL graduated cylinder, add 500 mL of 10 mM potassium
dihydrogen phosphate butfer, pH = 2.9, Measura 500 mL of
acetonitrile in a second graduated cylinder and add this to the
1000-mL graduated cylinder. Do not adjust the final volume to
1000 milliliters. Prepare this solution every two weeks.

10 mM Citric Acid '

Dissolve 1.92 g of anhydrous ciiric acid in 100 mL of Milli-Q®
.water in a bezker using a magnetic stirrer. Transfer the solution to
a bottle for storage." The pH of the final solution was 2.23,

13
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HPLC Eluents -. i .. - -

Eluent A: 82% 10 maL KHzPOy pH = ?-9/18% Acetonitriia{v/v)

Eluent B: 50% 10 mM KHaPOy buffer, pH = 2.9/50% Acetonitrile
v/v) ' L

quilephasamustbeprembedtopmperlymuolcymmﬂ
retention time and thoroughly degassed daily, If
mbdngl-ll’LClsuudﬁuumphmﬂyds,mbﬂephamshnuldbc
spugedatlaatmiofmaﬂmreqtd:edfarsamplemﬂydsb
insure zir does not diffusa into the HPLC solvents. While not

- need.edfort!unmlyualmthnd,mswnlhmﬂxmc:
50% MILlI-Q® water/50% acetonitrile (v/v) and have
sdvmavdhble&rdmhgbuﬁufmmﬂumdyﬁm!{?m
clumn whenaver sample analysis is discontinued. )

s

UmamAvolmmicﬂuhwhmpmpumgaum:mrd
solutions, '

Cymoxanil Slandard Stock Solution

Usingmmalyumlbahnmmdawdgbhsbou.wdgh
:ppmdmatelyw.nmgohm_lyﬁca_lmndudgndacymmnﬂ
(DPx~mlninma100-vab;pgmM Record the exact
weight of cymicxanil. Add apy ately 60 tL of acetonitrile
and swirt the volumetric to ve tha solid. When itisin
solution, dilute to the mark (100.0 mL) with acetonitrile, The final
<oacentration is approximately 100 tg/mL. Cymoxandl Is stable in
solution far at least 2 months when stored at 4°C when not in use.

Intermediate Standard Solitions
Using a syririge, prepare 1-ug/mL and 0.i4:1g/mI, forfification
- working standards b gk therequ.‘f,idvolmofﬂm

Y \
100412 /mL or 1,015/ mL cymoxanil acetonitrile standard
{approximately l.nusml.ﬁun eadhi stock solution) to a 100-mL
yolumetric flask. Dilute to the mark (100.0 mL) with acetonitrile.
The 100-, 1.0-, afid 0.141g/mL standards are used to fortify water
samples over the concentration range required for the method.

Prepare a 1-ug/mL HPLC standard working solution by placing

. the required volume of the 100-ug/mL acetonitrile standard .. .. -

" {approximately 1.0 mL} In a 100-mL volumetric Aask Add
sulfident acetonilrile fo the flask (approximately 17 mL) usinga
25-mL graduated cylinder so that the volume of acetonitrile plus
the volume of the standard equals 18.0 mL. Sonicate and swirl the
flask to ensure complete solution of cymexanil. Dilute to the mark

15
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(100.0 ;L) with 10 ;M KELPO4 buffer, pH = 29. Both thess
standard solutions are stable for approximately 1 month when
stored at4¢"Cwhennotinuse.. . . . . -

HPLC Chromatagraphic Standard Selutions .

Working HPLC standards are prepared in 82% 10 mM KH:PO,
buffer, pH = 2.9/18% acetonitrile (v/v) by quantitatively diluting
appropriate volumes of the 141g/mL HPLC standard. If 10-ml,
volmtﬂcﬂnlumusadﬁor&eﬂdﬂuﬁmﬂmfoﬂnwﬁlg
volumes are required to prepare the 0.033, 0.12, 0.40, 0.67, and
0.50-1%/mL woridng standards needed for the analysis.

Desired Standard Volume of 1-4ig/mL Working
Concentration Standand Required in a 10-mi
iz ’ 120

A sixth HPLC chramatographic standard solution was also
prepared ata concentration of 1.20 pg/mL (the high standard).
This was done by placing 0.12 mL of the 100-ug/mL cymoxanil . .
standard n acetemitrile in a 10-mL. volumetric, adding 1.68 mL of
acetonitrile with a syringe and diluting the solution to the mark

with 10 ;M KH,POg buffer, pH =29, .= . .. S

These wurking standards are stable for approximately 2 weeks if
stored at £°C when not in use. 4 :

Fortification Standard Solutions ' -

The 100-, 1.0-, and 0.1-ug/mL standards in acetonitrile were tsad
to fortify water samples (see p. 19). The valume used to fortify
100-g water samples should hot exceed 5.0 mL. The acetonitrile
fortiAcation sandard solutions are stable for at least 2 months if

.stored at £°C when not in use but new solutions should be
- " prepared whenever a new 1-ig/mL intermediate standard is
+ prepared in 82% 10 mM KF;POy buffer, pH = 2.9/18% acetonitrile

(v/¥). This ensures best calibration of the method.

T
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D. Analyticnl Procedure T

Note This analytical method requires that glassware such as centrifuge
tubes used for concentration of cymoxanil sanples be silanized
bsfore use. Appendix [ ouilines reagents, their source, and &
representatioe procedure.  Alternate sifating procedures com be
used but recoveries equivalent Lo those described in this report
must be obtained,

. There is potential for contamination of glasswars with cymozanit
beamuse of the lowr izvel of analyte detected by this methat, SPE
wacuurm manifold control oaives should be cleaned with
grade acetone after use. N-Evap huer needles should also be
cleaned with resgent-grade ccetone after they kave been used to
concenirate sampics. Glassware that comes in coniact with
cymooeatnil such os benkers and centrifuge tubes can be clmed . -
with solutlons of laboratory soap, but they must be rinsed weil
with tap water, MiTli-(® water and reagént-grade acetone
afterward. After cleaning, centrifuga tubes shoutd be filled with
HPLC-grede methanol and sonicated for 30 minutes. Glassware
carnt be allowed ¢5 air dry after organic sotvent washes are
discurded. Beakers can be sonicaied with HPLC-grode methanol
as well if contamination is observed during uss of this nethod.

W.Cmﬂht::cm:ytond:mbmglm&a
resuilt, csmoxanil extracts cannot be taken to
dryness or ervatic resuits will be obtained. All
cymoxanil solutions must be exchanged into
various solvents during the preparation of each
sample cleanup for final analysis.

L__Starage and Preparation of Water Serirgle .
Water samples were collected in 1000-thL ambit glass I-Chem
bottles, capped, and labeled to describe the source of the water. To
help insuze the chemical sability of cymosanil, the pH of each
water sample used for method validation was measured after
samnple collection and If the pH exceeded 6.0, an appropriate
voiume of 10 mM aqueous citric add was added to adjust the pH
below 6.0. The initial pH values of each water sample used in this
study are listed below along with the final pH after addition of.
aqueous citric add. Where acidification was necessary, 1.0 mL of
- 10 mM zqueous ditric acid was sufficlent to adjust the final pH. All
samples were stored in a 4°C refrigerator until fortified for

17
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pH before pH after
Water Sample Source Addifiation i

' Brandywine River 857 552
Wilmington, DE .
Delawars River 658 582
New Castle, DE.
Tap water
Waverly [V ] not acidified
P-3 Water
Waverly, FL

Aqueous citric acid solution up to a maximum of 10 mL/liter of
water may be used for acddification. pH adjustment of water
samples thought to contain cymoxanil should occur as socn as
Practically possible after collection, Cymoxanil is stable in water
hctwm:pHofG.Ob?deop&mﬂlymb!ebuwmapHof '
approximatety 5.0 1o 6.0 (half-life >300 days at pH = 5.0 and 6.0 at
15°C, haif-life >200 days at pH = 0.1 at 15°C, Reference 2). After
mﬂxﬁmmﬂaddiﬂmﬁmaﬂmﬂaﬂedwimnhp!esshoﬂdbe'
stored at4°C as quickly as possible. if water samples are frazen,
care must be taken to insure bottles do not crack or break. This is
most easily done by insuring sample bottles are not over-filled .
when collected but tha best course of action is not to freeze water
samples in glass but use plastie botties if samples have to be
frozen. All samples should be warmed to room temperature and
thoroughly mixed beforeanalysis. . . _ _

All water samples were shaken to insure samples, particularly
these containing suspended matter, were homogeneous. One
hundred grams of each sample were weighed into a clean 250-mL
beaker. Each sample was fortifled with the appropriate volume of
an acetonitrile cyrnoxanil standard. The cymoxanil standard

concentration used for fortification was chosen so that the volume

of acetonitrile added to water samples was 5.0 mL or less. For the
validation samples described in this report, the following
* fortification volumes vere used: .

18
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Agmtonitrile Volume of Weight Flnal
Standard Acxtonitrile . of Water Fortification
Conc Sandapd Sampie Level
Gig/ml) {ml) ® petd
o100 1.00 100 1.00
10 0333 100 i3
0w 100 100 10.00
10 150 10 25.00
100 o100 160 10000
100 050 100 500.00

After fortification, all samples were swirled to mix the contents to
homogeneity and each sample was carefully ingpected by aye to
d.atemunaif!tcunuhtedsuspendaimm Any samples
observed to contain suspended solids {groundwater samples from
Waverly, Florida) were filtered through & 0.4%-1, 47-mm HATF
04700 filter prior to SPE extraction. Filtration was necessary to
hmmsoudsdldmtnhmuawbonbhckmtﬂdgadming
cymoxanil extraction. ] )

.__Solid-Fhase Fxtraction Purificgtion
Notz ﬂamgammuumfm?ﬂypmhdmrzafvdﬁmﬁu
manufacturer. To ensure that channels do not exist in the column
pachng,tnpnﬂmﬁgaﬁnnlymclﬁm;'ardhm
20 seeonds before the colums are used. When solvent reserocirs
are used with adapters, it may be necessary to lnosen the adapter
mmhgtkewbmmﬂgzmﬁnﬂwsdmtbdm
onto tha head of cartridge before vacuum is ¢ Tkis allows
more uniform control of sofvent flow the SPE column.
For maximum contvenience, conditioning ard eluting solvent
combinations such as 90% inethylene chloridef10% methanol
{vfo) can be prepared in advance (see the Preparation of
Solurions section of this report).
Euﬂ:inlb{a.k. The SPE.cartridge and column elutipn conditions
. described below kave been carefully developed and
" shoum to give kigh recoveries of cymozanil in
control experiments in whick 01 ug and 50 pg of
cymaoxanil was dissolved in appropriats solvants
(see tha experimental description below) and passed
through the SPE cartridges as described in this

method. Recovery was checked aguinst the response

19
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of cymoxanil standards by.lf.!l"LC. While every
effort has been made to develop robust conditions,
there can be no guarantes that similar SPE
cartridges from other manufactures or all cartridge
lots from the sarte cartridge manufacturer will
always give kigh recoveries under these precise
conditions. Accordingly, to ensure optirmom method
pesformancs, it is essential that recoverizssbe .
checked with cymoxanil standards to positively
establisk proper performance of each lot of SPE
cartridges prior to use of this method. Elution
conditions can be adjusted if necassary fo optimize
recovery depending on the performance of a
particular lot of cartridges and the nature of water
samples being analyzed. A careful check of elution
conditions is particalarly important if fortified
recoveries decreage during uss of this method. |
Particular attention should be paid to silica
eartridges. Enoi™-Carb and silica cartridges must
be calibrated separately.

& Conditiona Envi™-Carb tube by passing 5.0 m of
90% methylena chioride/10% methanol (v/v} through the

cartridge. Next pass 2.0 mL of methanol through the cartridge )

and then 15 mL of MIILI-O® water. After conditioning, do not

lat the cartridge go to dryness. .. e = e

. b FPlace a 75-mL reservoir on top of the Envi™Carb tube using
+ . #n adapter and place tha stacked reservoir and cartridge on an
SPE manifold Fass 100-g water samples from Step 2 through

&emmmmguaﬂowmﬂmdmr_l_otafafd .

10mL pefiiinute. ~ )

‘Whash the 250-mX beaker with 5 mL of Milli-J® water and
- pass the wash through the 75-mL reservoir and Envi™-Carb
tube. Cymaoanil is retained on the Envi™-Cazb tube.
Remove and discard the 75-m1, reservoir.

¢ After water passes through the cartridge, completely open the
flow control valve on the vacuum manifold and puil vacuum
through the cartridge for 1 minute to remgve as much water as
possible. ——— e
Pass I mL of methanol dropwise through the cartridge. Onge
solvent passes through the cartridge, campletely open the flow
-control valve on the vacuum manifold and pull air throu, :
the cartridge for 1 minute to rermdve as much solvent from the
carfridge as possible. -
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Special Noter Methanol is used to remove additional water from
- the Ewpi™-Carb cartridge prior to eluting
E!uhemeEnviﬂ-CnbmbebyplsingﬂmfoﬂnMngsolvmls
through tha tube in the order listed: A

1mL of methanol.

10 mL of 0% methylene chicride,/10% methancl (v/v).
Collect both solvents in the sams gilanizad 13-cc

Note:  The centrifuge tubes usad in this step cool well below room
temperature during collection of the 0%
chloridef10% methanol(vfo) fraction. These tubes should be
alloped to txorm to room temperature they are placed in en

final
centrifige tube is lesy than 11 mL.

Particles of carbom black may collert tn some samples during
" elution. These are remuved during subsequent silica eartridge

The analysis can be interrupted at this point if desired. Samples
are siable for at least 24 hours if stored at opproximately 4°C in -
. stoppered tubes in a refrigerator,
d.  Concentrate the methylens chloride/methenol soivent to
0.5 0.1 mL with nitrogen using an N-Evap at 40°C. Add
2.0£0.1 mL of ethy acetate to the tube and concentrate the
sclvent to 0.5 2 (.1 mL with nitrogen on en N-Evap at 40°C.
Add 2.0 mL of ethyl acetate and agzin concentrate tha solvent
to exactly 1.0 £0.1 mL using nitrogen and an N-Evap at 40°C.
Dilute the contents of the tube to exactly 10.0 mL with hexane.
After about 4 mL of hexans have been added, shake tha tube
to mix the solvents, Afier hexane addition is complete, vortex
mix the contents of the tube for at least 30 seconds.

e Condition a 500-mg silica SPE cartridga by passing the
following solvents through the cartridge in the order listed at .
a flow rate not to exceed 180 drops/minute. Do not let the
cartridge go to dryness once itls conditioned. " oL
10-mi hexame. This solvent fs used to condition the cartridge. )

Adter conditioning, pass the solution from Step 3.d. thraugh
the silica cartridgs at a flow rate not to exceed 180 drops/
minute. Wash the tube with 2 mL of $0% hexane/10% ethyl
acetate (v/v) and add this to the silica cartridge to ensure

21
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quantitative transfer of the sample to the cartridge. Elute the
cartridge with the following solvents in the order listed taking
<are that the flow rate does not exceed 150 drops per minute.

10-mL 50% hevane/10% sthyl acetate (vfv). Discard this fraction.

12-mL 40% hexane/50% ethyl cetate fmethanod (ofo). Collect this
last fraction in & silanized 13-cc centrifuge bibe. Take the silice
cartridge to dryness. The volume of salvent collected is below
12-ml, as result of evaporation. Concentrata the solvent to
Mzmmmmatmmmn-xwp.
Natz If interferences appear in the chromatogram that cannot be
resoived ically, an edditional wash step of
10 mL of B0% hexane/20% ethyl acetate can be added after
washing the silic aurtriige with 10 mL of 0% hexans{10%
ethyl ccetate, In eddition, cymoxanil can be eluted from the
siliea cortridge with 60% hexane/40% ethyl acetate (no edded

If these chtges are usad, cartridges should be recalibrated to
ingure these changes give proper recovery. Other variations
In elution canditions such o3 elution of cymorcanil with
12 L of 60% kexans/40% ethyl acetate (ofo) can also be
Eried but these must be shown to be effectine it cartridge
calibration trials, : ' -

Addl.SmLofmﬁuﬂetothacmlﬂfugembemd
concentrate the solvent to 0.5+ 0.1 mL. Add 1.5 mL of
ammm&ihlndammmmthgsd@_t_hgggcﬂy_

0.5mL. ’

a  Dilute the sample from Step 3.& to exactly 3.0 mL with 10 mM
. ICHzPO4bu.£fer,pH=23.Vorw(mb:£heumpleforatleast
30 seconds, sonicate the sample for at least 2 minutes, and
vortex mix the sample for at least 30 seconcls. Ellter the
sclution through a 0.45-oun, Millex®-HV13 filter using 2
25—deispoaabIesyﬂngeinhoa4-mLaumsamplerviaL The
sample is ready for HPLC analysis. :
Note:  The analysis can be interrupted at this point if desired, Samples
are stable for ot least 1 week if stored at approximately ¢°C.

" The HPLC system has been described in the MATERIALS AND
METHODS section of this report. The liquid chromatograph is set
as follows for cymoxanil analysis. . ‘

A
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UV Wavelength: 2450m
Column Cven Temperature: 40.0°C ... .0 o
Injection Volume: 20 pL. depending on datector
respanse. , :
Inital Flow Rate: 100 mL/min
Flow Path: Zorbax® SB-CB to datector
Salvent A: ) - 82%10mM KHzPOL
, PH =29/18% acetonitrile -
SolventB:  _ 50% 10 mM KEI3PO4 buffer,
PH =29/50% acetonitrile
Solvent C: 50% Acetonitrile/50% MIIL-Q®
Water (v/v)
Helium Sparge Rate: At least 0%

-analytical results, Santples axtaining more than approximately
25 il will dilution to saale.
'I'n‘:gsnz Wuﬂxg amﬂ-cm cenirifuge t?b:m *

Newly instalted Zorbax® SB-CB columns must be equilibrated for
at least 2 hours at a flow rate of at least 1.00 mL/min using a
solvent composition of 18% acetnitrile, 2% 10 miM KH>PO,
buffer pH-2.9 (100% A). The cohunn oven must be stabilizad at
40°C

The following representative solvent and autosampler program
were entered into the Waters 600E controller.
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TYPICALSOLVENTPROGRAM .. _ .. ... ... _

%B
: %A 50% 10 mM
- 18% Acetonitrile/ K2HPOy Buffer,
Time FlowRate  82% 10 mdM KH2POy pH = 29/50%
(Mirutes)  (mL/min} pH=29 .. . scetonitrile .
Initial T 100 100 "0
17.00 200 -2 cee 100
3200 200 . we. ... L o
52.00 -0 T T T 100 0
56000 . oS0 I ", T o

* Theflow rate s 6.0 solvent after '
b w rate changs at minutes conserves nmplnmlflﬂysh

mm-.‘ \._...__ .. P
‘ InjVal Ran

—Step_ PVl LestVid o) oyl Time . mepm——
1 1 D 1 20 5500
2 u " 1 - 20 ss00r

* Injection 14 was acetorititle. A singla injection of solvent was used to allow the
sdvmmmdm:hwlmuhmduﬁmcfﬁ\emphqn

Note  The changes in solvent strength in this program ere ingiomtapents

changes. This solvent program washes the HPLC S$B-C8 column
with strong solvent (50/50) after analysis of each sample ina
smple set. While the method has been tested twith 2 mumber of
different water samples and different lots of Zorbex® SB-C8 T
colurns, it kas not been possibis to inject enough differeni water

- samples to determisne exactly when interferences might buid-up

on the column to the point that it must be cleaned or replaced.

Buased on work to dote it has not been necessary to replace SB-C3

columms or guard colimns. Patk broadening, poor peak shape, or

the appenrance of interferences in ‘the chromatograms of standards

are an indication that the pre-column or HPLC column may nesd

replacement.

s Sufficient resolution has been obtained with 15-om
analytical $B-C8 or 5B-CN HPLC columns ta allow
quantitation of cymoxanil residues i water
samples. While an effort has been mads to look at
water samples from different sources, matrix peaks -
might appear in some'samples that interfere with

24
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c.ymmm'l. Ifthhbappms,n“m:ZSmSp,
5B-C8, SB-CN or SB-Phenyl analytical colsonn
should be exawmined to resolve

Additional options includs adjusting solvent

strength or using methanol in place of acatomitrils
athamxwd:dntﬁgmbmt. The following
representativs solvent program (instantansous step
gradisnts) has beass uged with o 15-cm SB-CN .
m!yﬂmIEPLCmbnm Cynm:mﬂruidmpm '
i analyzed using an SB-C8 colunm and confined
. Wmmmmlmmmgmlmmbﬂt
phass composition. .
%A ' %B
18% Acetonitrile/  50% 10 mM KaHPOy
Flow Rate £2% 10 mM Buffer, pH e 2.9/
Mauxe\l Sml/min}  KH;POy pH = 2.9 50% acetoritrile
Initial C 10 100 0
11.00 00 .0 L 100 R
26500 2200 100 - 0
4600 1.00 100 : : 0
.07 " 0.50. . 100 ]

e ?ﬂomhMpﬂMmﬁnmeaﬂsm@h#m&yﬂs

BE. Mahod of Calculation

Sample concentrations are calculated by substituting peak heighls
observed for each fortified or treated into the inear least
square equation f(x) m Mx + B from analysis of

- standards analyzed along with each set of fortified samples. A

- carrelation eoefficient of at least 0.99 wais observed for the linear
least squares equation for each set of cymoanil standards
analyzed during validation of this method. The following
eqmﬂonwasumusedmalmmppbofcymmfoundm
each sample.

. pprynmnnﬂFound-[nstSquaanmenlnﬂon(ug/mU x

Flnal Sam le Voluma (mL) ! _____. e o s _ .
e WegH g ¥ T -~ e e

HPLC Dilution Factor x 1000 ng/ug

"

S S
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equlvo!umsofumnda:dsmdsamplwereinjecnddming
analysis (typicaily 20 uL). The HPLC Dilution Factor allows -
dﬂuﬁmofsamplsinmthapmpamnﬁmmgefm-
analysis. The % recovery for fortified control samples was
u!udatedamordingtothefdlowingequaﬁnnwnecﬁng&r

% Recovery L mw&w-mhwm: 100

Netg Whmmmﬁmmmwm of
the height of the cymozarnil pesk af the proposed detection level

I L T R Fu et ma.

mu:mrregrssioneqmumiw-Mx+Bdeﬂnedbyamlymof
cymacanil standards analyzed during analysis of fortified
Delaware River water (Replicate 2, see Figure 2) Is £(x) = (167 x
104 x + 8934 Substituting a peak helght value of 1738 observed
for sample #5 (a 3.33-ppm fortification) and salving for x as

) = Mx+B
x H'..f(x)—‘ﬁ-_g._ - . . "...'..; il R - R S T SN Lo T
x M . It e T T LI Sy B
167 x 104 _
X = Q738 - 89.34) . e T it -:;:;:;. T LT e =
¢ LETx1 '

glvesa cymnxanﬂl.eastSquuesCmaéﬁ&aﬁonofO.M pg/mL.

Far analysis of water samples 20-uL. injections of standards and
sample were used and the sample was diluted to 3 mL prior to
analysis (Final Sample Volume = 3.0 mL). A 100-gram water
sample was extracted. The HPLC Dilution Factor was 1.0
Substituting these values in the equation for ppb cymoxanil found
gives: D =

* Ppb Cymmanil Found = 0.099 pg/mL x %;‘—t-x-l.o x 1000 ng/png

Ppm Cymioxanil Found = 2.97 ng/g or 257 ppb
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-HELC using the method

~ shown are typical

deuemuismpleﬁ&m‘kpﬂaﬂ!wu fortifled with
3.33 ppb of cymcoanil. No interference was observed in tha

% Recovery = %’“:-‘mrspm

A dilution factor of 4.0 and 20.0, respectively, was used for
of 100- and 500-ppb water fortifieations in this study.

F. Resultsand Discussion -

1. Recovery Resulis .. i i m
Snmplaomedywhemm(ﬂepllcaBdmhaﬁm).
Delaware River (4 replicate determinations), Wilmington, DE, tap
water, and Waverly, FL, groundwater were each fortified with
cymexanil at 1.0, 333, 10, 25, 100, and 500 ppb and sanalyzed by
described in this report. Detector -
rspmsedsmndudswuﬂnarmmcmgudmln&ms
ulized far sampie analysis to 10X the LOQ, approximately

oD
33X). For a representative standard curve obtatned during analysis

of Delaware River water (Replicate 2), see Figure 2. All
ma:fﬂdmﬂydeannﬁsnmpleworhxp&mﬂieywuld
mdmmmﬂym;mM&Mmﬂyﬁalm'
column. The SB-CIN column serves &s an siternate column for

. analysis/resclution of sample impurities and can be used to

confirm the presence of Table I summarizes recovery
data for all water sampies. Recoveries were acceptable over the
fortification Tange examined (1.0 ppb ko 500 ppb)- 100- and
500-p1g / mL fortt were dilusted within the range of the

analyzed on the §B-C8 column was 98% + 10.8%. The Relative
Standard Deviation was 11.1%. Informatich on recoveries, .

vtaodard daviations, and relative standard devisons by *
fortification level Is contained in Table L :

Appmdlx[lshmtypiul&mamgrmforbo&hmhmmfor
unfortified contrel samples of water from each water source. Also
for standards and 1.0-, 3.33-, 25-,
msu&ppbcwnmnﬂ[oraﬁdﬁnminﬂdtqpeofmmampla
The 1.0-ppb fortification corresponds to the lowest fortification

—te

¥~
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level used during method validation. In all cases;sufficient
resolution was achieved; small interference and /or contamination
peaks were observed in the unfortified controls for the Weverly,
FL, gmundwatersample, but this could be l:elolvedusing aSB-CN |
column, .

_Daermination of the LOD and LOQ

mumnmmmmmmmmmthe
Limit of Quantitation (LOQ) for cymosanil residues in water. By
.definition, the LOQ is the analyte concentration that produces a
signial 10X the baseline noise of an unfortified control sample
measured at the retention time corresporing to cymoocardl. This
approach has been promoted by FDA (Referenca 3). The average
- baseline nofse (peak to valley) measured with a ruler in millimeters
for all (ten) unfortifed water controls analyzed on the SB-C8
column was calculated at the retention time corresponding to that
of cymoanil (2.2 mm). Peak heights 3X and 10X this value ware
calcuiated. A response curve was prepared by plotting the
averaged pezk height in millimeters for the 0-, 1.0-, 3.33-, and
10.0-ppb fortifications grouped by fortification lavel va- the

fortification level (ses Figure 3). The curve was used to
determing the fortification levels in ppb to which the 3X and 10X
peak heights corresponded. These fortification levels were the
experimentaily determined LOD and LOQ for the method and
were found to be 050 and 2.0 ppb, respectively. Acceptable
recoveries were cbtained for all samples. The analytical method
<an achieve ant LOD of at least of 0.50 ppb.

Examnination of chromatograms of all unfortified water samples
indicated that interferences and /or contamination at the retention

time corresponding to that of cymoxanil are not present or are very

" small. Alternate columns were able to resolve observed peaks.
Alternate columns can also be used to resolve peaks from other

op protection chemicals if necessary. A single workup was used

to prepare samples for anaiysis. It was not necessary to vary -
HPLC conditions for the analysis of water samples on either HPLC
aslumn. ]

. & _Tme for Sample Prepgration . © 7 A

At least seven water samples can be prepared for analysu by a
single analyst in an 8-hour day. Using an autosampler, HPLC
‘analyses can be conducted unattended gvernight.
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Ficure 1
UV SpEcTRUM OF CYMOXANIL

Fs

Print of window 391 UV Apex spectrum of Peak 3.973 of 000=0101.0 Page 2 of 1

ov A% m of Paak 9.973 of _000-01ur.D -
-y ’ )
L . UV SPECTRUM OF CYMOXANIL
ﬂ : CONCENTRATION = (.04 MG/ ML
-SOLVENTS 90% METHANOL/10% WATER (V/V)
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Ficuus 2 -

REPRISENTATIVE STANDARD CURVE ~ ANALYSIS OF DILAWARE RIVER WA‘I'II.
{REpLICATE 2}

20000+ _— /
isoou:' - //

5000
: e
0] v . .
o 02 04 . 0B 0.8 1 1.2 .
CYMOXANIL CONCENTRATION (ug/mi)
Taz217 17 oo
CONC
SAMPLE # (ug/ml)  PK HEIGHT
1| ao33 €07
T4 0.12 2127
04 6850
10| os87 11186 .
12 08 124383
13 12 | 20193

ANALYSIS OF CYMOXANIL STANDARDS CONDUCTED DURING ANALYSIS OF FOHTIFIED ) .
DELAWARE RIVER WATER SAMPLES ON JULY 31 AND AUGUST 1,1985 . ..

(x) = 1.567649E44x + 8.933527E 41 'ﬂ*z-#s.sswzasej_:;;;'_... e e
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LOD AND LOG DETERMINATION
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Ahrulnix 1
PROCIDURE FOR SILANIEING GLASSWARE

Solution
Mix 3760 mL of toluene and 240 mL of dichlorodimethylsilans
Fil clean glass centrifuge tubes with silanizing sotution.

Let tha solution stand for I or 2 minutes, pour the solttion back into a storage bottle.
Rinse glassware with toluene; discard wash as waste.
Rmseglamewiﬁmaﬂuml.dlscndwxshuwasﬁe.

‘Rinse glassware with 50/50 (v/v) methanol/2-propanol; discard wash as waste.

Let glassware dry, niscmveniuubmrk!hnghsswmwlthlapetoﬁ\dmhuhu
been silanized. Clean allgiassmreweﬂmdraihmaﬂaaweehdm

Dichlorodimathy! !sﬂmmamm)mbepmmdmmmwm
Rockford, IIL mcmderoxmmu.mz—osmpurdwsedmr T. Baker, Inc.,
Phillipsburg, N.J.
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