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ANaLYTICAL METHOD vdt ﬂ-“nmumunou oF .
RESIDUES OF CYMOXANIL IN SOIL USING LIQUID

Joseph P. McClory, William Jonsx, and Peter T. J. Delube
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1.0 SuMMmARy

* ‘This report describes the analytical method to determine

cymoxanil residues in soil. Samples were extracted with a

solution of acetone and 100 mM ammonium acetate buffer. The

cymaxanil residues are concentrated and separated from the

remaining aqueous solution using C18 SPE. Cymoxanil residues

are analyzed by reverse-phase HPLC using a C18 Column with
i 245 nun. .

The limit of quantitation for cymoxanil in soil was determined to
be 0.05 ug/g and the limit of detection 0.02 pg/g for a 20-g 7
sample. Cymoxanil residues were confirmed by LC/MS.

2.0 InTRODUCTION

'2.1 Background

Cymoxanil (DuPant Identification No. DPX-T3217) is the active

Ingredient in Curzate® Fungicide, a DuPont agrochemical used for -

control of select plant diseases in crops such as potatoes,

grhﬁpaﬂyh&uropé,laﬁnAmmim,andreta;ﬂy&eUnite&
tates. Its chemical structure and Chemical Abstracts name are as
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CHNHCNHCC

.. NOCHy ~
- Cymoxandl (DPX-T3217) )

+ * 2-Cyano-N-{(ethylamino)carbenyi]-2-(methoxyimino}acetamide

T CAS Registry No. 57966-95-7 L

o
f

Select physlical propema (Reference 1)'ofcym6xanﬂ areas
follows: :

| MelingPoine | 16461C ..
Solubility (25°C): : :
.- Water ) 1élkf .
Acetone | - 105g/kg

22 bbjmﬁu' ) :

As a result of its use for disease coritrol in crops, there is a need

for an analytical method to selectively detect residuas of
cymoxanil in soil. This report describes a suitable method. The
method has been applied to detect levels of cymoxanil at

. pproximately 0.02 ppm or above in 20-g soil samples. The limit

ofqt;anﬁtaﬁonforﬂ;eme&todhasbeenestabﬁshedatﬂ.%ppm
2.3 Principle of Method -

and extracted two times with 50 mL of acetone and 10 mL of

* 100 mM ammonitim acetate buiffer {(PE4.5). The acetone is then
* stripped away from the extract under vacuum. The cymoxanil

mﬁduesarecuncenﬂatedandsepamteﬁnmthemmi:ﬁng
aqueous solution using CISSFE. - :

Cymoxanil residues are eluted from the C18 SPE witha -

exchanged into acetonitrile, concentrated again, and diluted with

- -10mM ammonium dcetate buffer (pH 4.5} to a 70/30
yb}.l.ffer/aoetorﬁhﬂesolu.ﬁm
" Cymoxanil residues are anal by
+ €18 Column (25-cm x 4.6-mm). Cymoxanil is detected by UV
. absorption at 245 nm (see Figure 1 for a representative UV

spectrum of cymoxanii)., .

 Twenty-gram soil samples are weighed into centrifuge bottles

20/80 ethyl acetate/hexane solution. The eluate is concentrated, -

reverse-phase HPLC using ~
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‘ . Equivalent equipment or materials may be substituted.
gha.zi. 'w -+ - Substitutions should be ted in the study records.

. Substitutions must give equivalent perfarmance as documented
by acceptable control and forﬁﬂclation data.
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aalams"Mem&MAEmmmsoommmmmt
Co:poraﬁox\, Prmceton, NJ)"‘ e

Centri.ﬁ:.ge Bottles- 250 mL with w'ide mouth and sealing mp,
Calalog No. 21010-590 (VWR Suenﬂﬁq Bridgeport, ND.

Centnfuge Tube- 13-mL’ capaqiy, Cata]og No. 21054-187
{(VWR Scientific, Bridgeport, N))

Wrist Acﬁon Shaker, Model 75 (Burren Corp Fittsburgh, PA)
b » S imn Solua:tEmhom. L

N RnpldVapT“EvaporaﬁonSysteni;{.—ogeT ﬂ*&@éonco&rp,
pd b L Knnsaselty,’MO)
Lo SampleTube-&OOmLCatalogNo.?%ﬂabmncoCorp,
.J'r LA ‘7_\.-‘, . ., Ka.nsathy,MO) T B JET LR Vel |

NEvapModelmI:abéi-ahorySample Bvaporator (Organomnon :
Msocmes SouthBer]m,
Cbeteen s Sohd-Phas.-.Extmctran o ;:.
S *CIBMe@BDndE[um@Exu-acﬂanlum,G-cc/I 0 beorbent,
L LT Cah!cgNo 115-600‘1—2037(Vanan,1nc.,HarborClly,

T YO

ST S L0 R&servou, CamlogNo. 1213-1010 (Vamn,mc. Harbor
I = T N 52 '
Lo Visiprep""" Solid-l’hase Exhacuom\famumManifpld,Catalog
) " #5-7030M(Supe1co Inc. Bellefante, PA). ‘
Lo belnt L " HPLC System e A:T,'J; -
‘ R Hewlett—Pac:kardSenaIIl@ﬂliqtﬂd&mmatogmph DAD
Series IT Detector, Yectra MX/2 Windows Chem Station
SN ol (Hewlett—l’a’c}:aigﬂﬁ pE) . .
o " Symmeiry'CIg; uxzsummcaumn,cam%#wmosz?s“ en
AR +(Wa r Milfor, MAke 3 T ET
v 10 4
Y
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.32 Reagents and Standands
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Equivalent reagents may be substituted.

Acetone- (OmniSolv, Residue Grade) Catalog # AXOIIG—I (EM
Science, Gibbstown, N])

Acetonitrile- {OmruSoIv, HP’LC Grade) Cala.log # AX0142-1 (E\&

" Sclence, Gibbstown, NJ).
"Hexane- (OmniSolv, Residue Grade) Cabalng # HX0296-1 (EM

Sdence, Gibbstown, NJ).

Ethyl Acetate- {OmniSolv, Residue Grade) Cala.lng # AX0241-1
(EM Science; Gibbstown, NJ) - :

AcetcAad— (Gladial) # AX0073-1 (EM Saem:, Gl'bbstown, N])

Mei.hanol {OmniSalv, HPLC Grade) Catalog # Ax0142-1 (EM
Science, Gibbstown, NJ).

" De-ionized Water- Millipore Ultra Pure Water System.

Aumo:ﬂumAcelzte—l—ll’LCGrade Calalog#]TOS99—8(|’TBaimr

Analytical Shndard— Cymoxanil, '13217-101. 99.9% Purity

CDuPont Agrlcn.l.ltural Produ.cu, Wilmington, DE).

33 Safety and Health

Nounusuanyhaurdousmateﬂalsareusedinthismethod. All
appropriate material safety data sheets should beread and

Py

followed, and proper personal protective eqw.pment shouldbe

[

. 4.0 .l_i_lsnlons oty R aE

+ 4.1 Principle of the Analytical Method :
) vSoﬂsamplamweighedmﬁomfugebotﬂesanduinded

two times with a mixture of 50 mL of acetone and 10 mL of

. 100 MM ammonjum acetate buffer (pH 4.5). Itis important to
maintain the pH between 4 and 5. Cymonxanil is not stable at pH

" ranges above 7 or less then 3, Anemneisevayorated&omﬂ\e

. extract under vacuum of approximafely 0.2 bar,

After evaporation, the cymoxanil residues are concentrated and
separated from the remaining aqueous solution using C18 SPE.

Itis importanttoremovetheacetoneorthecymmnﬂmﬂnotbe v

re!amedontheClSSP‘E. After the samples are applied, the SPE
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columnxswashedwlﬂthnemdmher Cymaxanilmdum

N are eluted fmmtheCISSPEmﬂtazo/BO ethyl acetate/hexane
i ﬁ, Pl hy -solmmn PR \

The eluent is cunce:m-ated m appro:dnmheiy 1mL under a stream

Pl ofnitrogen” The samp| ple volume is brought up to 5 mL with

: ‘ acetonitrile, concentrated’to 157 mL and diluted with 3.5mL of

el LTy .Iomammomummtebuffer(pHﬁ)toformSmLofa

’ ‘  70/30 buffer/acetonitrile sohition. Foroonslswmpeakshape, it

mimportan.ttomamlnmthe?ﬂlsobnffm'acem
* composition.” Sampleisﬁltered through 0.45-um filter and placed
maZmLsan'x‘levml;orHl?T.Camlym.,

T Cymmnilres:lduesmumlyzed by reverse-phase HPLC using a
T - Waters Symimetéy-C18 x . The HPLC run is isocratic

using a mobile phase which consists of a 70/30 HpO/ acetonitrile,
el Cymoxmul demcmedby.UVabso:puonauﬁnm(seeFigurelfor
LT ampr&eenlaﬁveUVspectrum,o

ST ENLT et

Hweffeéﬁvexiessof n dmmgpmdureusedshouldbe )
: demonsuatedbypxef:aﬁﬁmandanalyslsofmagmtblanks In
P A generaLaﬂreusableghss-andplasﬁcwamshoddbewashedm
I ,,.Jlflo‘t‘tapwahermﬂlhbmbtyg-ade non-phcsphatedetergmt,

e st lMammo:ﬁmanemebuffer dissolveﬂgmappmxmabely

S IOOOmLofde-lmuzed,waber.Mombrﬂ:epHofﬂlesoluhon

LTy .wxﬂtapHmeberandaddmnc.aoeﬁcaddtoreadmpHof
L L 45304 'Ihesoluhonmshredmare&:gemﬁoratapprmmately
IR 4“Candi’ssi:ablefcm'61:\:.'mths.”ﬁ"r a

. IDOmMammommacetalnbuffer DilutelOOmLofthelMin

gedon L ; R 1§ Storeinrefr!geramrattl’c. Soluuonshou]dbeprepared
. '.‘ -:,3;"_\;',5 - weekly - :‘7: T L et ;,-=
T L ) mmMammomumamtabebuffer DﬂutelOmLoft‘nelMtolﬂL.

Ml e Sboremrefngeratoratd.‘(‘. Soluhonslwuldbepreparedweekly
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- Three different soil types were used to evaluate the tethod and

b .
20/80 ethyl acetate/hiexane- Mix 20 mL of ethyl acetate with
80 mL of hexane. Prepare fresh weekly.
All of the volumes described in this section are approximate.
Velumes used should be within 10% of the stated value.
£ . : ’

Approximately 10 mg of cymoxanil analytical standard are .

accurately weighed on an analytical balance. Record the weight

to the nearest 0.0001 g. Dilute to 100 mL with acetonitrileina
volumetric flask. The concentration of the stock solution is

. 1100 pg/m. The stock standard solution is kept in a refrigerator

at4°C and is stable for six months.

prtification Stan

of the stock standard to 100 ml.in a volumetric flask with
acetonitrile. The fortification standard solution is keptin a

refrigerator at 4°C and is stable far one month.

Chromatographic standards ranging from 0.10 to 2.0 pg/mL are
prepared by diluting the 10-41g/mL fortification standard in a

- 10.0-mL volumetric flask. Maintain the 70/30 10 mM ammonium

acetate buffer (pH 4.5)/ acetonitrile compasition by adding the
volumes of acetonitrile and 16 mM ammonium acetate buffer
(pH 4.5) shown below. The chromatographic standards are
stored in a refrigerator at 4°C and are stable for one week.

Standard Conc. pL Volume of Volume of
{ug/mL) gdded | acetonitrile (mL) | NH4AC (mL)
0.1 _100 29 79
05 - 500 25 70
12 -] 1000 20 70
20 2000 10 70 R
126 Source (5 CF ) ) of Simles - -

their sources and sumumary of their characterizations are listed -

[N
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. A10-ug/mL cymoxanil standard is prepared by diluting 10mL
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Cot e . DuPnntExpermmt.l$hliorn. Jrshigh'day and organic matter content make
et ,:;4.-‘ it a good soil to 5t it a Fesidue e methiod. 567 from the CA and MD sites was
mﬂableﬁnmﬂlecymmmﬂmﬂdlsdpaﬁonsmd'TMWI-ﬁ-

. . > . - \

ﬁ i1, Sampleswerehomngem.mdMﬁlaH‘n artnumerandstored
.:..;:’ fmmunﬁla.nalysxs.

. .;

PV LR MR d b .

o 2 R I
‘ Samplesa:efortiﬁedmththewnlmLcymonnﬂstanda:d. A
o K synngewasusedtoaddvolummoflﬂOhoSOﬂpLof&testmda:d
, _-'.- tothezo-gsmlsample.’Wa;HSmnulsa&erfomﬁca&onhas
- beenmadeboallowsolvmtmevaporate. s 7

ewey 0 Toln

n WeithO:tO.ngoﬂlmoZSO—mLcenni&:geboule. Fortify'if

- .. :_'4-..:2) Addln-mLIOOmMaoetahebuﬁ‘ernndSO-mLaoetone.
D)} .Shkeathlghspeedformndnutsmgawnstmnalmker
[ .7 e 4) _ Sonicate ’forIOmm_l_nm. . '
RETIPREN 'th'l.(ugel.’:mlﬂutéatw.omm Decant into Rapidvap
1 . sample tube, M
i""’ 2 | ﬂiepmtStepsz-SanddemntmtosameRapidva tube). _
bkl Y 30 &og:zn&atefnr%minuta(reducevol.ho10-15m1.)onRapidvap

e temp 40°C, 0.2-Bir pressimre).
r = Rapidvap mbeforlmhu -

.

) I)A Attacha]S-mLmsmoirhotheClBso.lid phaseext:acnonmhmm.

LN =

“SPE (6 &c/1 g Me:
“Condition C18 colut
mM acetate buffor

Bohd Elut).

 with 10mL ofCHaOH then 10 ml of 100

(pH 4.5). Do riot allow CI185PE to go to

dryness once eolumn is conditioned. Discard solution.

2) Transfer extract from

vacnmmsothat-s

7 of Section 4.2.9 to reservoir; apply
mL/min flow of extract is achleved.
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Rinse rotovap tube with an additional 15 mL of 100-teM buffer

and elute through 18 SPE colummn.

3) Wash C18 SPE with 12 mL of HoO followed by 12 mL of hexane.
Discard liquid from manifold. Place 13-mL centrifuge tubes in
manifold to collect eluent, = = =

4) Elute with 6 mL of 20/80 ethyl acetate/haxane solution. )

: (Procedure may ba stopped here and resumed next day.) .

5} Concentrate to approximately 1 mi under nitrogen using N-EVAP

6) Add acetonitrile and adjust vohume to SmL. .

7) Blow down to ~1.5mL on N-EVAP. )

§) Bringup to 5 ml, with 10 mM acetate buffer (pH 4.5). e
&eadhpnsabksyﬁngemtdﬂmthmghao.ﬁ-um(la-mﬁ!ter

unit) ints HPLC vials. Samples are now ready for HPLC analysis. . -

4.3 Instrumentation

Method vatidation data reported in this study were generatedona
Hewlett-Packard Series IT 1090 liquid chromatograph. The mobile

phase consists of a 70/30 mixture of HyO and acetonitrile, The

column used for the analysis is a Waters Symmetry C18 (25-cm x

4.6-mm). Cymoxanil is detected by UV absorption at 245 nm.

£32 0 o S . e
Column; Waters Symmetry-C13 (25-cm x 4.6-mum).
Oven Temp.: 40°C - - T - Co
Mobuepl . | __ . .. _— --‘- ) . . , . .
Reservoir A~ HpO S oo :
. RsmmrB-mu-ue -
Injection Volume: 50 L - .
Detection: UVat245nm * | .
Flow Rate: I.UmLImip ,
o . P te .
. 2.3 Cglibration Procedyres

Prepare at least four chromatographic standards of cymoxanil -
inhendedtobmd:etthelevelsfoundinthesamplesandforﬁ.ﬁed
samples. Preparation of these standards is described in

Section 4.2.5 of this report.
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“i= o TwE e A'sdmple sét Gnsists' of af least e control and one fortified
argty -y, SO0MoLin addiHGR fo the treated safnples (approximately 20%
LT of HiE samples in a set should be foftificationa,
. : ATTRR - N T (Rl |- LR S ST
T g Forhﬁah‘bn;shmﬂgqﬁmeﬁl‘e’mﬂupatedmgeofmdua,
: ;. and should be'made at' the' LOGQ 4nd at least two other levels
with the same acceptance arteria 35 discussed in the LOQ
.;_’ R . N Ly Lz w1 _r.(_.'- B

R RT L A A oo e T
ot t o . syt The firgt and 1ast injection during a sequence should be
5 every third or fourth

sample. R

. Dﬂutesampleéﬂ:atfaummmgeofs and
reinject with fresh standards'™ tandards

pproximately 3°C | Acceptable recoveries for
f?,’“ﬁg‘!;mﬁlqvahdm the storage interval. -

i

EETIIR S &

\2i.77i% - o Exceptduring ahalysisstore all sGil sainples in freezer at

Loz 044 Caladadons. s
- - o-“: « -, -

The concentratior of cymoxanil (1g/g) was determined by

‘ PREEET e} T - u_. L .
Ppm cymoxanil (ug/g) = [((Pk Ht)slope) + y-int ) gLy
- ko oX([fnal Volufm:j(ml.)/ Sample Wt (g)]

T T E

ER

P WReovay = o 1 Cymoxanil/ Fortification level) X 100
! S S TAPE R § = P R )
o - Sy R SR T .

Data sheet for example calculation (Sample C) Is on page 35.
Substituting into the linear equation of the standard curve a peak
hm'ghtufl@_?obrrespondsfoacqumﬁlcomtmﬁonof:
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AN

" ppm Cymoxanil= {(Z639RIN0.1449g/mL IU)+ 0,008287pg/mL)
' = . 03906 ug/mL X (5.0 mL/Zﬂg)
= 0.0977 ug/g g
% Recovery = (0.0977 pg/ é)/'(o.m ug/g) X 100
\ . ) = - 98% . . “. . -

S %vaﬁamww'm.wﬁ
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