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Abstract In the present study, we developed an official individual analytical method for cymoxanil using
HPLC/UVD, respectively in different representative crops. Individual analytical methods for these pesticides
are not included in the Korea food code. The samples were extracted with acetonitrile, concentrated and
partitioned with dichloromethane and saturated sodium chloride solution. For cymoxanil, extracts were
concentrated and clean-up through silica gel column chromatography with dicloromethane/acetone (60/40 v/Av)
and subjected to instrumental analysis. The limit of detection (LOD) for cymoxanil were 0.1 ng and 1 ng
respectively and limit of quantitation (LOQ) were 0.02 mg/kg. Recoveries for cymoxail ranged from 79.6~
107.6% respectively, at fortification level of 0.02 mg/kg (LOQ), 0.2mg/kg (10 LOQ) and 1.0 mg/kg
(50 LOQ) and the coefficient of variation (CV) was less than 10%, regardless of sample types. These results
were further confirmed with LC/MS. The proposed simultaneous analysis method is reproducible and
sensitive enough to determine the residues of cymoxanil in the agricultural commodities. According to the
validation data and performance characteristics and high sample throughput, the proposed method is suitable
for routine application.

Key words analytical method, Cymoxanil, HPLC/UVD, LC/MS
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Cymoxanil [1-(2-cyano-2methoxyiminoacetyl)-3-ethylurea]
cyanoacetamide oximeZ|] AAZA] Pl E. 1. du Pont de



70 =

Ho
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Table 1. Physicochemical properties of cymoxanil

- st - PR -

Al & J|F

Cymoxanil £37%(99.5%, Dr. Ehrenstorfer GmbH, Germany)
& YAAZEE FUsF] ARSI, acetonitrile HPLC
&, n-hexane¥} ethyl acetate= PRAT, acetone, dichloro-
methane ¥ hydrochloric acide GRES AME-sIIT) Hgh
NaCl#t #Na,S0,& EPHS A3t Silica gel
(0.063~0.200 mm mesh)S Merck(Germany)o|A] Z& A2
nEZ# 98-S Fske] 130°CollA 5A17F o)A SIS
71 & AMg3iYh. AlZE727](AM-10, Nissei, Nihonseiki
Kaisha Ltd., Japan)?} Z1%7]|(Lab. Companion IS-971R,
Jeio Tech, Korea)S AHg-sle] AA s, Agsdz
4-527](Eyela NE-1001, Tokyo Rikakikai Co., Ltd., Japan)
= FEA] A Al ARESIGITH 2 Ao ARS-g
cymoxanil®] 38t H o|3}ela 542 Table 13} 7Th

HE s48 M3

B Ao A3 i FAHES FoF AF3871F 3
FOoFERPAA, 2012)0 7ol AR A3 (Table 2),
SAHE BREET: | 2 9, AR Al 2 3, Al
A 25 9 OulE, FRAARE: F, AR BRhEE
OFEQEA, 2007)2 TEAES AElEle] R RS
AAsIAth. WEtA] cymoxanile] HAHERS 99 Ui
SAER En|, OiF, 25, 4, s AR, AR

= oigukEdld £71% AFARE Fste] AHgasint.

Pesticide Chemical structure Kow logP M.w. V.p.(mPa) Solubility

o 0 In water 890 mg L

Cymoxanil CHGCHQNH)LHJKFNOCW (365;?:) 198.2 (30}’(53) et(lfy}ll ?ce%&?ﬁéﬂiiﬁi&giz’ne
CN 133.0 (alling L', 20°C)
Table 2. Pesticide maximum residue limits (MRLs) of cymoxanil

Crop MRL (mg kg™) Crop MRL (mg kg™)

Potato 0.1 Chard 2.0

Green & red pepper (Fresh) 0.5 Melon 0.5

Fresh pepper leaves 3.0 Watermelon 0.1

Strawberry 0.5 Spinach 2.0

Crimson glory vine 0.5 Onion 0.1

Korean cabbage 0.2 Cucumber 0.3

Korean cabbage (Dried) 3.0 Korean melon 0.1

Brassica leafy vegetables 0.5 Tomato 0.5

Sesame seed (Black seasame) 0.2 Grape 0.5

Grape, Crimson glory vine 0.5 Sweet pepper 0.1
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Cymoxanil®] 589 cymoxanil ¥5E-S acetonitrile

off £31A]A 1000 mg L7} == 3} stock solution
ZASATE o1 0.1, 02, 0.5, 1, 2, 3, Smg L] ¥57}

ThHE 5 cymoxnail®] 717142 Agilent 1200 series
(Agilent, USAYE AMESIA, HE7]E ALF-5334=A
Z7|(Ultraviolet Detecter, UVD)E A}2-5}$It}. HPLC ¥4
e dirzo® FA9 siete Eejol el AHEe o
“J(reversed phase) column (C18)S ARE-3le] H-AJ513] 0,
28 QB 25 40°CE 3l E-A3ITH(Table 3). 75
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ANEE 25 g4 B8] AEgste] I, 1,
% acetonitrile 100 mLE ¥& & A|B4
oF 357} 10,000 rpm.2 w23} 3t}
ALY E754E 247 20mL, 40 mLA A7}
2)5ke] &4 A1Z] % acetonitrile 100 mLE ¥
A7 &<t shakingstSith. thFe] 739 A&
AN BlFES Heslr] 918k pH BAL 9138t
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Table 3. HPLC/UVD operating conditions for cymoxanil

Jfon

cymoxanil®] i 2AMY & 7

A7} Z#JE biichner funnel® F2loda} d13jom,
50 mL®] acetonitrile® §-7] B IALS Ao] o Y2t e}
Aot Al F acetonitriled IFIHFTLEF71E AR
ato] A o] ujEgel ARgsiith ey &
silica gel ZH BAIZE& Fqsto] 717124 sttt

ST 40mLol 10mg L' cymoxanil®] 8
1 mLE 7¥etal, EHAHS 50 mLat 575 400 mLE 3
7¥et §- o]& 9Tl &A Al 7HA 82l n-hexane,
dichloromethane, ethyl acetate® Z}Z 50 mL 2] & W, A
FujstAch. T3+ dichloromethane® 2 80 mL, 70 mL
H ) S FUHE st 22k ) &2
FNa,SO0l SHAIA Er3te], 40°C olstollA] ZF
S| ASHES7E ARt 7HA skt sE5RE
acetonitrileZ A& 3F & HPLCE 7]7]&4 slo] -
Hj-gujjol] whE Tl &&-S BTt

o it (%

Me o

2) n-Hexane/acetonitrile £4] &84 =4
Au), giiFel o] HF9l A4 Edo| o Ty o]
A FA=EE S HSA R8RS A
2ol BujzA ¢l p-hexane/acetonitrile EH) T8-S AESH
At} Cymoxanil®] 589 10mg L' 1 mLE acetonitrile
2 Z3MAZ] p-hexane 40 mL7} ©AR Rololo)] #7}8}

Instrument Agilent 1200 series (Agilent, USA)
Detector Ultraviolet Detector (UVD), 254 nm
Column Phenomenex C18 (250 m x 4.0 mm L.D. X 5 pm, Phenomenex, USA)
Column temperature 40°C
Mobile phase Acetonitrile : Water =30 : 70 (v/v),
Flow rate 0.8 mL min.™
Injection volume 10 pL

Table 4. LC/MS operating conditions for cymoxanil

Instrument Shiseido Nanosapace SI- LC (Shiseido, USA), TSQ Quantum ultra (Thermo scientific, USA)
Column Unison UK-C18 (100 m x 2.0 mm L.D. x 3 um, Imtakt, USA)
Column temperature 40°C
Mobile phase 0.1 Formic acide water : Acetonitrile =70 : 30

Injection volume 1.0 uL

Tonization Electro Spray lonization (ESI) positive mode
Tube lense voltage 55
Mass range (m/z) 100~400
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3, n-hexane® 2 E3FAIZ1 acetonitrile 30 mLA 23] Huj
9} 33] 2wl &3 T 40°C olstolA JFIAFLEFT]

£ ARgste] ZASHTA shith F53HFES acetonitrile=
H%SH st & HPLCZ 7]|7]%-4] 3} n-hexane/acetonitrile
ool w2 g8 v w3t

Silical gel 23 MM =

4 BAHE 7 AFLHE A7) st 130°Cel
A SAI7E o] BAJ8IAA silica gel 10 g 2 W7 15 mm,
Zo] 30 em®] 2] ZHol 7424 FXg F, F 3¢9 F
NaSO,Z floll H7Fskithels) silica gel Z4). 349
silica gel Zo| n-hexane 50 mLE F3A# 431
% p-hexane SmLol =9 AAENE 7Y 2 5
dichloromethane/ethyl acetate = 95/5, 90/10, 85/15, 80/20
(Vv)e] EFgHE 50 mL”’“ 2 =2 Hl H SESAFY &

T3 249 AAAY 5 &8s AAs] St
silica gel ZFH2- n-hexane 50 mLZ 43312171
5mLol %91 AALNE 71819t 2 & dichloromethane
3} ethyl acetate®] 38 5 MHEu2 AGH &G
A 100 mLE ZES AlFsL, 2 FHe] =2H7] AH
dichloromethane/acetone = 70/30, 65/35, 60/40 (v/v)2] &%t
SAS 50 mLA A= A o ESAHT §E9L FFA
71 & acetonitrile® A-&-3]3l] HPLCE 7]7]84] 3] 3
el gl &E 9g cymoxanil®] &EF7HFS
AESISIT

& n-hexane

o riof

HZFSHA|(LOQ; Limit of Quantitation)

Cymoxanil®] 49 9] AZFHA(LOQ)= Wi Fik=
A2l A golx ZHEH o] EAeHA] weg I &
N8 AESAL ANEZ D BA 27 3F F9| 3
&S Aksto] ofge] 2 (1)ol ¢Jste] AHEsIATh2l3
LA, 2012).

LOQ (mg kg')=

A2 ng)x 717159 A HFALEAFmL)] ()
HEEEErREET)

o m

i _IZ: S
lo = 1x 4o

—

cymoxanil®] FEWH 9 FAH
Az 7171 e At AEEE A

398 NS sk FAg AEER,
i, A, 3, AAb) 25 g0 cymoxanilgl IE9E
0.02, 02 2 1.0 mg kg™ 5:30] HEE 343 391202 A

2™l 77|24 =Y

=5 =
Cymoxanil®] #%¢] HPLC 4332 A sl7] f1ste]
acetonitrilecl] ZA|+ EFFS o]83ke] 190~320 nm H4
N ApQ)Rgd oS A AT )= A
E3tHFig. 1). &L 73»]— cymoxanil®] &L 240
nmo|$ o}, I B} B 254 nmo e e PEE Ho
°]2 cymoxanil®] ¥4 AEvdow AAEITE AL
HPLC ZHe dwtaog $A9] sigte welo Be] A
&= 94 (reversed phase) column (C18)2 A8-3}510H,
o)JEAo 2= &3} acetonitrile?] EF-LWIE ALR3F A}
acetonitrile®] H|E0] E=24E AR HEE A7)
Wl 7 g2 gako] AR 30%2] acetonitrile®] 719
A 0.8 mL min.'e] dA3 §&0] BAsGS o 714 o
33 #8 FFE YERfo] o]& cymoxanil®] 4 278
2 A8t
HMo| X

| e

=3

2,05,1,2,3, 5mg LS
AgAe AL y=
e 12 Ao st

XA
3

Cymoxanil®] E84(0.1,

10 uLA 71710 FYsto] A&

2.4392x - 02751 (R*=1)& R?

AtkFig. 2).

. T T T T T T T T T |
220 240 260 220 200 320 240 260 220 nm

Fig. 1. UV absorption spectrum of cymoxanil.
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Fig. 2. Calibration curve of cymoxanil.
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2
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PACIRER= | 0124&,]
ATHKim, 1996). Wt &
A2 deleh v S M—g— ?' s g
Eo] k& 7} 20 mL, 40 mLO]%It}h. Cymoxanil®] 7
o] FE23goA 35S Bl $18 pH AL 9
3l 5N HCI 4mL—§ & A x47}o}°4 FE33h
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Table 5. Efficiency of liquid-liquid partition for cymoxanil

Recovery" (%)

Solvent
Partition”? I ~ PartitionII  Partition III
n-Hexane 0 0 -
Dichloromethane 95.5 96.4 106.9
Ethyl acetate 84.0 94.5 -

YMean values of triplicate samples.

YPatrition mixture: 50 mL saturated NaCl solution + 400 mL
distilled water

I. Partition solvents (n-hexane, dichloromethane, ethyl acetate) -

50 mL, 50 mL
II. Partition solvents (n-hexane, dichloromethane, ethyl acetate) -
50 mL, 50 mL, 50 mL
III. Partition solvent (dichloromethane) - 80 mL, 70 mL

Table 6. Efficiency of n-hexane/acetonitrile partition for
cymoxanil

Recovery" (%)

Solvent
PartitionI1

103.4

Partition® I

Cymoxanil 100.3

YMean values of triplicate samples.

PPatrition mixture: 40 mL »n-hexane saturated with acetonitrile
1. 30 mL acetonitrile saturated with #-hexane (x 2 times)

I1. 30 mL acetonitrile saturated with n-hexane (x 3 times)

Table 7. Condition of washing solution for column chromatography

cymoxanil®] 7IH AW g

o
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T 400 mLE H7het & oo Fujgmj 2 Byl og fol
AM4-E]= n-hexane, dichloromethane, ethyl acetatel] T3}
o Eoja&S AP Aa= Table 591 YeERATE ol
41| 5 dichloromethane 80 mL, 70 mLZ F+ ¥ #8313
S W 106.9%°] 3|5E&S Hof ol& &= M3
O, p-hexane 50 mLE ¥ EHietls o it Aol
FZ5]%] %o} n-hexane 100 mLE A H 342 371313t}
Cymoxanil& -9 Fuljz}gol] oJsle] A7 Fof Eshd
el =S4 2 71EF ZHdEAe] AlAE Zo=E 7|t e,
ool A F p-hexane A|HOZE ThFe] HISA &
A E-o] A=A %3 dichloromethane 2.2 A&
I 3 FujEle] HISA FAAES AAsH] flste k-
hexane/acetonitrile 84S 71ttt Al A& »-
hexane/acetonitrile 4] &&8 ZAFSE A= Table 63} 7+
t}. 2 A3} n-hexane®Z ¥3}A|7] acetonitrile 30 mLA 2
3] Eajoll A cymoxanil?] 3|4&2 100.3%Z w3 34
&5 EG:] ©]& n-hexane/acetonitrile FH|WHOZ A5}
ATk o] WS fx ]?’L‘j’kol oF 39%21 Aw]e} oF 20%%]
T AlBol T, FATE] 0.1~0.2%4] HFA] AlE
A3, 3, A }oﬂH—E A & = QISITHe] 9 S, 2012).

Silica gel Z& M|

HANGE oo Bl A Ee Ak 5 4T

& H=As Arske JF AR 771 Al
9] Ao R ol §Hrh. HA G FE M &
A 2= silica gel, florisil, aluminum ¥ &g 50| A&

#rh. F2A F florisike FA41 B A49] AA7} Hojuhut
B A7 8491 cymoxanild}t -2 F4Fe] £ 3
12 wout 549 g

%%01 2 o] o, oha F3 b
FES §2A1717] A silica gelS ol-&3le] 7 A=
A& 33 tH(Kim, 1996; © |9 %, 2012).

Silica gel& AM&-3}4 dichloromethane/ethyl acetate &%
L 82AA I¢ES vws|E A3 dichloromethane/
ethyl acetate =90/10 (v/v) EF&m] 150 mLAlA] T g+

o] &R %o} o] & AF L2 A5 THTable 7).
E=8uE A st AlH LRt SAJo] Ak

dlchloromethane/acetone Egkgals 50 mLA A= Al A

EEAMA S vl

A3} dichloromethane/acetone

Dichloromethane /ethyl acetate Recovery (%)
viv) 0-50mL 50 - 100 mL 100 - 150 mL Total
95:5 - - - -
90:10 - - - -
85:15 - 8.1 19.4 27.5
80:20 2.5 7.6 14.7 24.8
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Table 8. Condition of elution solution for column chromatography

Recovery (%)
Dichloromethane /acetone (v/v)
0-50mL 50 - 100 mL 100 - 150 mL Total
70 : 30 402 333 5.0 78.5
65 : 35 55.8 26.7 22 80.3
60 : 40 65.3 23.8 - 89.1
=60/40 (v/v) €& 100 mLolA 89.1%%] 3]482S W Cymoxanil®] LOQ (mg kg™') =
of o]& §&8u| 2 AME3le Ao A-&-3l%Ith(Table 8). 1(ng)xS(mL) _ o 0o oy 2
10(uL) x25(g)
H M IEX | ]
1—&.74I7I9_ ?:.g_U:I 2 MESHA SMso| 548
H X o] A=3 i ] = p=R
EA7PIE AFTALinit of Detection, LODIETVIE gy 152 99 56 19 dgselt 5A9 A
2 Al peakZ HAET F e HFTEE sk Aoz _
. i Zrl 7V EZ o] EAlSHA] &g ERIg FA2 A8 I
A AL AR A 7S HAsE A A
. _ _ geko] wokE AEstal, gy 2 gA] HA 24
AAEFS ARG B AZetEad] Aedx] SN o ’ _
- - o w amn = S AR F AR FoA k] duht IFEHETE Dot
(signal/noise)H| 7} 3 o] YER= Ao FEE v e - “ o 1 = o
i = _ _ He 7082 BAY] ASS & P (HFd 35E%)
o gde TR0 B S wAEle] sl ek A s
. s e I AU (CV%)S H7HE 5=
3, cymoxanil®] HESH= 1 ngel3UTh = oo .
- . 2 ATl e v A2 Al 25 ¢l cymoxanil®]
BHFIA(LOQ= HETHAI As7 & 4 23 #4 =
e .o - s EFENL 002, 02 ¥ 1.0mg kg 50| HEE 35F
=9 A wES lsle] A SRR (1), A7 S = _ _ _
_ _ o= A &, S FAPo R 33] ukEsle B39
AESE HAA B AR A BHE e ’ o
_ _ _ ) tH(Table 9). #4435} cymoxanil®] 3]4&E 79.9~107.7%
SHAIE ofmjgit). Al Fo] o kE Al 1= 0.05 mg kg o] . i
oo N ] . Hom, BALAHCV)RE 7% 3tz FiHE Al TF 92
&} T MRLY] 172 o|s7HA] AEFeAIE A tes F4 e N
Azl FAgle] FHFEA 718 35E 70~120% W

o] AT 0.02mg kg'FFOEER] (2) FFEA

ol A st

N
X

Table 9. Recovery and LOQ of cymoxanil in crops

919t FHEA 715 A 2AHCV) 20% Ol E TR

2
)
o
o
o
N
o
9

B A

14 ¥ cymoxanile] EAWe =
S

- 9] aEe) A7 Bk % Al $E4] 48 ks

Crop Fortification (mg kg™') Recovery (%) + SD CV (%) LOQ (mgkg™)
0.02 89.2+4.1 4.6
Brown rice 0.2 90.8+0.5 0.5
1.0 80.1+0.7 0.9
0.02 89.5+24 2.6
Soybean 0.2 91.7£3.5 3.8
1.0 80.4+0.1 0.2
0.02 93.9+4.7 5.0

Green pepper 0.2 81504 0.5 0.02

1.0 107.7+0.9 0.8
0.02 92.0+24 2.6
Mandarin 0.2 852+0.8 1.0
1.0 103.1+1.4 14
0.02 93.9+6.3 6.7
Potato 0.2 80.1+2.3 2.8

1.0

799+04 0.5
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ZEMHUS 0| S8 TRES T ionoZ Ao, SIME 53 Ui sAHE AR

E A4 HPLC/UVDE E3l 7% cymoxanil £4 cymoxanil® #2438+ chromatograme Fig. 9~139} 7 )}‘:}.

o] A NEAEE gEstr]9lsted LC/MSel €3k A g 2 AR ARE BE B FAY ARoA e F
8Tt LCMS ESI positive-ion O FoFd ] peak7t 3] H&ER] &gkom, Q19 #

mode® A3t Fig. 8] UERH ule} 7R total-ion 71 A BolX = L 5 Al el BEsA| cymoxanil

chromatogram (TIC)3#} mass spectrum A31th. LC/MSS RS SR = A0

o8¢k cymoxanil®] 48 9131 199 m/zS H-4] fragment w2 AoA ARE-Sh cymoxanil®] - LC/MSE]
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RN

Fig. 8. Total-ion chromatogram (TIC) and mass spectrum of cymoxanil.

. — A

Fig. 9. SIM chromatograms of control and recovery (0.2 mg kg™") of cymoxanil in brown rice extracts.

.l ’

_— A

Fig. 10. SIM chromatograms of control and recovery (0.2 mg kg™) of cymoxanil in soybean extracts.

l /

i A, k

Fig. 11. SIM chromatograms of control and recovery (0.2 mg kg™') of cymoxanil in green pepper extracts.

l /

Fig. 12. SIM chromatograms of control and recovery (0.2 mg kg™") of cymoxanil in mandarin extracts.

l /

A

Fig. 13. SIM chromatograms of control and recovery (0.2 mg kg™") of cymoxanil in potato extracts.
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SIMZZAE ©]8519S Wl HPLC/UNDE ©]4-3t H3 g3}
HEo] cymoxanil THHZO] F7H ZHEAHOZE A

g 5 92 7o Baw,

AFelM e fevet AEFFHel A2 cymoxnail®]

& HPLC/UVDE o|&3l] a9t
AR AIR@, O, 3LF, 7 AL
E acetonitrileS 713} FE3}A, n-hexane® AFH &
dichloromethane® 2 Ful|5}4] silica gel 521 A Zr}E 18
oz st Silica gels o83 2 HAE e
dichloromethane/ethyl acetate (90/10, v/v) 100 mLE A&
3 %, dichloromethane/acetone (60/40, v/v) 100 mLZ &
Z3le WS ol83l%len, HPLC/UVDE #4138kt
717184 Al BwEl e sldleH, dE s F
cymoxanil®] 7Z3H|(LOD)E 1 ngel A2, A 3 (LOQ)
£ 0.02mg kg oItk i FoHE A5 e 34
79.6~107.6%A M, BH 7 4 03+ T%r|e® Iht
A 7S S5t mEbA B Aol Zgk cymo-
xanil®] FHFEAYPE A2 BV ES UEehe AES
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AR - YLt - ARG - BB - 0|5 - SEE
EEL R

ATE H3 AFTE N Aol A o] 9] %S cymoxanil®] 2% B FARES] B #E]
e, S YR s AR, cymoxamloﬂ o33 —7—74 7H Y RS gelsly
FYHHA HE FAE AR 5 I8 cymoxanilS acetonitrileS 7151¢] &3k &, dichloromethane -2 -
Hula1$2.H, dichloromethane/acetone (60/40, v/v) E3t-S 0|83} silica gel SHIAZPIEIY PO = quﬂ
5 HPLCZ 435193t} Cymoxaml-/] AZSHA(LOD)E= 1 ngl R, A HHA(LOQ)= 0.02 mg kg oIt T4
A& cymoxanil FT8NS (LOQ 0.02 mg kg™', 10 x LOQ: 0.2 mg kg™', 50 x LOQ: 1.0 mg kg o2
7‘151 3tod, 3 dkd o 7 AeE) @J’} eifas S 8 79.6~107.6%°]% 21, ¥ 7F B2 0 ZHCV)= 10% TRk} LC/
MSE o]&3 2HF-22] AT Ao} 3g AAE T8l B4R Hold B AlFo] S g4 BAHoe=
483 e e s wkEn)
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A4010{  Cymoxanil, HPLC/UVD, LC/MS, +41%
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