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e o ¥IE IF HF EvntE 9 742 5 5% FAFEo] t5ke] mandelamideA] A+ AbdA| Q1
mandipropamid®] FHFEAUE et 2 FAES A @3 AR methanolS: 71k vl &)
o JFES FEIATE FE2AE X3 A7 SRR 4313 dichloromethane® 2 #0jj &t =49
B8-S A A 2™, Florisil S22 E 29 H o 2 F71 A A6} th. Mandipropamid®] HPLC/UV
A&7 HAAEFS 2 ng(SN>10, 001 AUFS)O|T A EFEE T EEY 9]‘3P e BAEXA
RUTH Fx7] Lx, BErlE, 1F ulE 9 gzl tiste] 2% RHE0 2 3488 HES A 7}
99.8+1.7 (n=6), 89.3+5.3 (=6), 98.742.2 (n=6), 99.7+6.8 (n=6) L 91.13.1 (n=6)°] M_fﬂ TAH O] st
A= 0.02~0.04 mg/kgol ATt oF2E AEF RS AERNE $I5ke] selected-ion monitoring (SIM)S
o]-&3 LOMSHS 712 3. 2 ATl 3% mandipropamid®] FFEAWE A0 2
ANBEE 1T o FHRAPORE Aol 7Fs3dh

Abstract: Mandipropamid is a new mandelamide-type fungicide to control foliar Oomycete pathogens in some
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vegetables. An analytical method was developed to determine mandipropamid residues in agricultural commodities
using high-performance liquid chromatography (HPLC) and liquid chromatography/mass spectrometry (LC/MS).
Mandipropamid was extracted with methanol from grape, tomato, green pepper, Chinese cabbage and potato
samples. The extract was diluted with saturated sodium chloride solution and distilled water, and dichloromethane
partition was followed to recover the mandipropamid from the aqueous phase. Florisil column chromatography
was employed to further remove interfering co-extractives prior to HPLC analysis. Reverse-phased HPLC was
successfully applied to determine mandipropamid in sample extracts with the detection at its An. (223 nm).
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Overall recoveries of mandipropamid from fortified samples averaged 99.8+1.7 (n=6), 89.3+5.3 (n=6), 98.7+2.2
(n=6), 99.746.8 (n=6) and 91.1+£3.1 (n=6) for grape, tomato, green pepper, Chinese cabbage and potato,

respectively. Limit of quantification of the method was 0.02~0.04 mg/kg for all samples. A LC/mass spectrometry

with selected-ion monitoring was also provided to confirm the suspected residue. The proposed method was

reproducible and sensitive enough to determine the terminal residue of mandipropamid in agricultural

commodities.

Key words : mandipropamid, fungicide, residue, agricultural commodity
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Mandipropamid[2-(4-chlorophenyl)-N-[3-methoxy-4-
(prop-2-ynyloxy)-phenethyl]-2-(prop-2-ynyloxy)acetamide]
£ Syngenta®l| 4] 7]#3F mandelamide?] A1 AdA|
o, AEHol HAE = Wt F(Oomycete pathogen)
wAo] a7t Q= Aoz dEA ok 20061
o HRE 35 9@ Xxr 529 olE A
7HA EntE, uj 5 Bl hapel] F7HE o R ARgo] 3
7 AT A £ kAo R AEEE ofFS
100~150 g/haol™, SFUjoll= NAFF3A o] FE =
mandipropamid THA] 2 chlorothalonil#}2] A2 3+
=2 QIek T EApe] Wrol gl #AMAS-S A A|AT
= d g A5adrt gdate] Slldde =9,
o, A FHAALET|FO] A E o] glom T
AAAR SR AHgFo] F58 202 == 5
o]t} 59| mandipropamid®] 7 &7 AL
o 5.0 mgkgdt 7IebsatEl 0.1 mgkel = A
ol dow 9, =, BErlE, ulF 2 A=
7+ 5.0, 5.0, 03, 2.0 2 0.1 mgkeo 2 73 &7|F
o {igtelaL Fol] ATk Y=Y AAAFARNH
A& ¥ mandipropamid®] A ¥ 4 # & & F(acceptable
daily intake, ADI)Z 0.05 mg/kgbw/day S & Ar-A] 2
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o ¥ AY B o dEA Uk wesy
g Hold A EAR v, Q2EoL ¥ $F F
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2. dEYY
21, Ale¥

B Ao A A3 mandipropamid (96.1%)2] 4]
| ZFEEFL FHAYEHoEZRYH Bt
Stock solution acetonitrile®l] 500 mg/LS ZA| 3l
2°C W7o RashHaA ARSI ©] stock solution
4 6719 ot 2H4 319 2™, working solution
ZoAnty B3 391 stock solution® EHE] 3]4]
}o) AME-3+SATh Florisil (60~100 mesh, 8341 &)
£ Aldrich Chemical (USA)ZFE T3t 130°Cel
Al 5AIZE o) ARl F ARE-SESITE. n-Hexane,
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dichloromethane ¥ ethyl acetate=
acetonitrile, methanol 2 deionized water= HPLCS <
JT. Baker (USA)°l Al FY3te] ARE-3staith. 71EF
718 B FIIA k2 A FEH B ACSHE A

st

22. sHE A=

i)
=
Ao B2 7PEA Ao] BHle) BollE FE A
@ ¥ Adelel Agalt iz ARE ARE
ok AAE AAEk FEok ARYS AT T AL

23. AR £ ol AX|

A" F2HE A8 7+ 25 goll 100 mLe] methanol
S 7tsted SR A Vo] A(Nihonseiki Kaisaha AM-8,
Japan)’dell Al 27k 3145wk (10,000 rpm) FZ3H3
ot FEES 9A(12 cm id., Toyo No 6, Japan)7t
7 9)+& Biichner funnel® <13l AFES
methanol 40 mLZ Ao} $]9] o3} &), gl
ARSI L &F9 FNAFE &7]3 50 mLe] X
s el 300 mLo] SRFE AHZ 7FE F 50
mL2] dichloromethane 713led 287 AEsA &5
o] A %3} t}. DichloromethaneZ-2 20 g<] anhydrous
sodium sulfated]] EIA)A 53817 A2} F-8-M =0
50 mLe] dichloromethanes 7}sle] 919 S k&
3 o2 A9 dichloromethane® $F3Fith. 3l

- olFE - o)FS - ]
dichloromethane % & 40°C FE3 oA 2k &
%, A5Gt FFES 10 mLe] n-hexaneS 2 A
&3] (4+3+3 mL)3}¢] Florisil column chromatography
2 F7F ZA sk

2.4. Florisi column chromatography

Chromatographic column (15 mm id. x40 cm, PTFE
stopcock 2ol &AJs}A1Z1 Florisil 10 g3} L 9]l
2 cm ¥°]& anhydrous sodium sulfateS }a| 2 712
2433 50 mL9 n-hexanelE A o] v H T
Sodium sulfateZ°] =& % 7] 2| <] p-hexane
o =9l A|F8&d 10 mLE F3} column®l] 7}3}aL
o] £-9] p-hexane 5 mLZ £7] & column H§HS A
of WHoh EHol =257 A3 100 mLe] ethyl
acetate/n-hexane &3 (20/80, v/v)= 7}ate] o] £33
© w23, A= 100 mLe] ethyl acetate/n-hexane &
Fol(50/50, viv)o- & &S A A W3ttt o] &ENE
40°C FE30 A ek S, st AF=E9
mL9| acetonitrileS 7Fated flask Wi -2] #4]
S 9|3 5 mLY deionized waterg 7}3}
T 7171840 FAY R Eelnt

oo rf

o ox o, M

ey
of &

e

25. 7|17|12M
Agilent (USA) 8453 UV-visible spectroscopy system
©]&-3}>] mandipropamid®] ultraviolet (UV) spectrum
=75}tk Acetonitrile 2 acetonitrile/deionized
water &4 (50/50, viv)ell <1 10 mg/Le] FF8Y
< 200~350 nmol| A 2% F< S5

B8 ¢l AFE-E HPLC system 2 column T
53 Zth Waters (USA) 2695 HPLC system, 2489
UV/Visible detector ¥ Empower data acquisition &
processing system®] HPLCE o] &3}t #4
column-2 Shiseido (Japan) Capcell Pak C18 (UG120),
4.6 mm id.x 250 mm, 5 um spherical& A}-& 3} T}
Mandipropamid®] g &g 93} AME-H HPLC £4]
27L& o5 o o] F4S acetonitrile/deionzed
water £+ (50/50, v/v), 32 1 mL/min, column
2L+ 40°C, A& 7] 42 223 nm (0.01 AUFS, &
ulE 2 7kxke] 79 0.005 AUFS), A EF Y &S 20
pLel Atk o] 27104 mandipropamid®] wF-& A7+
2 oF 11.08°I0H-

A HFE& Fs AHEE LC/MS system H
column-2 Thermo Finnigan (USA) TSQ Quantum Ultra
LC/MS/MS 2 Capcell Pak C18 (MGII), 2.0 mm i.d.

o
=

o
=
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x 100 mm, 3 pm sphericalo] $1.2.H, LC/MS2] #2413
AL g3 2o ol 54 2 column &%=+ HPLC
T4 2719 Y3, 52 0.2 mL/min®] AL
AEFYFL 5 uLth 248 93 o] 23= mode
+= ESI positive-ion mode®l| 4] spray voltage : 4500 V,
sheath gas pressure 40 psi, auxiliary gas pressure 15
psi, tube lens offset 74 VE #2498 313 2™, mass
rangex= 100~500°] 21t}

26. T8 AH

2 AN Gy AFEAH B8 2SS
AR A8t 35g AES T S F5ok
AHE AlZ9) acetonitrile®l] %<1 mandipropamid 3 &
Hg AlFel 0.2~2.0 mgkgel HEFE A, &£3}a}
[e]

=
sle) RAHYS Palo] 3582 AU,

Rl oo off

[
14

3.

AT E
3.1. HPLC BM=AH &
Mandipropamid= n-octanol/water 4l Al 5~(log P,.,)

7b 32(5°C)el™, Eo 3t &HE7H 42 my

LESO)0R A9l %7 g ul skl =

719ke] 9.4x107 Pa(25°C) PIHo 2 Z7]9to] vl ¢

srom, 200°Co| el A Eisl 7t dojdtte Balvt

o

1017 gas chromatography® 2.t} HPLC®l 2]3F &
o2 sfaetA H9ITh HPLC A3l 2lo]
Bol ol &= A&EVE A7Isie A&7], 334
9 219] &3 A E717F 9ok 28 Y mandipropamid
2ehghed Whg-g BA] A, AA EATERY 3
YER A = 3ol 2] S 3 S-S AH
A=) weEkA Fig 2¢9F 2ol UV S598S
Aledte] HA o] Fabds o) &3
. Acetonitrle®] =<1 10 mg/L2e] mandipropamid 3£
o] o] g3}e] 200~350 nm Abole] AR5 3t
4% A3 ANFT I M) 223 nm©] 9}
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Fig. 1. Chemical structure of mandipropamid.
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€253 = 2.09 X 104 cmr M-

l

Absorbance

200 250 300 350
Wavelength (nm)

Fig. 2. Ultraviolet absorption spectrum of mandipropamid.
Spectrum was obtained from standard 10 mg/L
solution in acetonitrile/deionized water mixture (50/
50, v/v).

o}, T3 acetonitrile/deionzed water &< (50/50, v/
v)llAl 7838198 lE HHg5534-2 acetonitriled]
5 F5F T A9 U35t mandipropamide
AANAoR FEA] ¥E AoE BLEHUL,
acetonitrile3} deionzed water¥H-g &3+3dle] = HPLC
2 Aol 7sE e 2 7|t k. Mandipropamid
= HUEF gl M 9] 58715 (extinction coeficient,
£)E 2.09x10* cm M Z ZFEA o o}F & A
£ Yelidloy A vbgo] 223 nme tha ©abi
Yo T NEFE F ETEC] FE3] AA Hojorwt
HPLCE ©]&3 71714 0] 7Fs & Ao ' oA AR
Acetonitrile’} deionized water®] &3S o] 83}
octadecylsilyl column (C18yy ZZrtE1H] 4 54
WH3l-S ZALSE A3E Tuble 13} 72t} Acetonitrile/

Table 1. HPLC chromatographic behavior by different mobile

phase
Acetonitrile/ Ret.entlon Capacity MDQY
water time factor (ng)
V) (min) (k) e
40/60 28.6 16.9 4.0
50/50 11.0 5.9 2.0
60/40 6.0 2.8 1.2
from 40/60 to 60/40" 17.5 9.9 1.4

IMinimum detectable quantity at 3% FSD (S/N >10) and 0.01
AUFS.

YA cetonitrile/water mixture, linear gradient from 40/60 to 60/40
for 30 min.

9 = 1.6 min.
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deionized water &3 (50/50, v/v)2] ©o]&2F ZA
A & #A| 4=(capacity factor, k)7} 5.92 2] o
5 548 JERSer, peak BE2 A5
= peak tailing #/¢2> FFER] kit o|uf
AZTA(S/N>10)E 2.0 ngl & =&
$1t}. Acetonitrile/deionized water & 3 (60/40, v/v)
o] ol5 =olA &#AS7t 2.82 C18 column’d
uj-g- ] 82 % o] 223 nme| WA

4
stol B Amshs B BaEel

ng® 2 Yo} A9 g &o] oA = o= Aty
Slt} A acetonitrile/deionized water®] gradient 3
Ao E peake] T Fo] HFTHA PO column
efficiency™ # o] PA 5, EA A 7F] isocratic R.T}
%ol 2853 @34S F3F= mandipropamid©]
A5 AE717F st = B2 A7) AR H
isocratic® = XA B-Ee] E90] Slof w7 2
8 Agolwt HL-staat st

32 AEFE % HA

FAE T Y HEA S FESE HHL
ZE ANERFAY FEEE0] 53 €A 9
= 784 A7180E o83t Blo] HEHoH, F
= acetone, acetonitrile ! methanolS o] AF&3}1
AT} Acetone> AU} F T T AR B

& BN FEEE] FoY HFEEEE Y
chlorophyll 3t} &2 HA 2 7]7] XA A7
2 At} 53] 2F 9 w58} Zo] chlorophyll 3

ol & ARANE 52 F oo Pujs} FHa

2ol 9 vhs o] 83t IMEE S AAse B
HAX = d5H 7171 B4 46 ofEigo] S
= Atk ¥bA  acetonitrile®} methanol?] FEH &
acetones ©]-83te] FE3-& @ E T} chlorophyllo] %
A FEETE FRol Atk HA9 AAREE o] &3t

o B3l 3L sl o] Alg ol = chlorophyll 3
gt olUgl, vjFA BoEe] FES FHASE] 98
o] acetone & acetonitrile 2.CH= & B =43 2] methanol
S FE 82 AR} BT

Aol T IA FE2AE F55t] Ewlste
W w53 20l Bulste HHoE Ys 5 Q)
o 5K & BTt & 4 U w55k &
Hjsh= Wl st EAAIZF @53 w54 3E 5
o] A BE F e AHo] Atk wEhA] B A+
A= WA FEF2AE 534 R methanolS ©]

- O|PE - o]FTS - B
43t 5 NSNS 50 mLe Z82 A9} 300
mLe SF5E 34 38}3 n-hexane, dichloromethane/
n-hexane £ 2 dichloromethaneS ©]-&-3}o] -l
sl WY S AA B e gystaA ek
FujEgttol] 100 mLe] n-hexane ¥ 100 mL9]
dichloromethane/n-hexane &3+ (20/80, v/v)o-Z 13] #
Hj Aol = HulE&o] 23%9} 87%5tel E X 9kth.
Dichloromethane .2 23] ErjA|ol&= 101%% 8-
© 2 RE madipropamidE A5 EHjE 5 3lof, 7l
HOo 2 T2 AA T n-hexaned] B3l E4E9]
@Wol F2H7] vl 71 A=vtEH T AA Y
ol Mtz Al Qo= st vk Ui A FES AW
ghego] 1%u] Rkl A7 ¥5A AW ES AlAsH=
d T&°] =& n-hexane/acetonitrile’] 7 7+ =] WA
AL 48314 ekttt

o] &4& #A] 22 mandipropamid®] 73§
FutEagd ok A7 24U A=
o Bom, CI18& o] &3t HAAHL 77|+
722 489 columng ©]&3te] #4317
C1841A] A7} HA] 9 OW HPLC B4/l
27} =R @27] wZol A= o2 d el ZA
o3t SAAEnEaY I e Rt 4
71g Bol o] &3t Wi, FHAAZE silica gel,
Florisil 2 alumina7} Bo] AFE-5o] Zt}, o] FolA
Florisil-& 2 29} x|Hke] A A7} & oy v=+e] FDA
L} AOACSOIA 7HE Bol AMg-3k= W eluh2 71
HeA FAE 4~ A= solid-phase extraction (SPE)H
o] A FEFAL] o] 0.5~1 g0 2 AR o] o] o
- FajA] o] AFH o] gl o] AT X8
& 749 FEEo] 7] wZol overloading d2Jo] &
A3te] Abgo] AH AR AT AT Table 2=
mandipropamid®] I ZvlEIH T F EEEHS

_>',r’ E[ott
Moo o o
TR

O

I

1z 02\4.4
> ©

Table 2. Elution profile of mandipropamid on Florisil column

Recovery (%)

0~50 50~10 100~150
mL OmL mL

Ethyl acetate/n-hexane (20/80, v/v) 0 0 0
Ethyl acetate/n-hexane (50/50, v/v) 24 56 11
Ethyl acetate/n-hexane (50/50, v/v)® 63 31 NEY

YPre-eluted with 100 mL of ethyl acetate/n-hexane mixture (20/80,
v/v) and then eluted with ethyl acetate/n-hexane mixture (50/50,
vIv).

"Not eluted.

Eluting solvent

Analytical Science & Technology
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LERd A o]t} n-Hexane/ethyl acetate®] Z3H&uf &

Aoz A3 Azt 150 mLe] n-hexane/ethyl
acetate =32(20/80, v/v)ollX+= mandipropamid’} §-&
A ok, TN (50/50, viv)ellE 0~100 mLA}FO]
ol 80%7F 3= AT wEbA &7l (20/80, viv) 100
mLE H|F43 EFES M) 7Fesiia, o] £

=
A 5 559 (50/50, vv) S S

100 mLE &8 X
73%- 0~100 mL FH ol 94%7} &2 =AUt}
0.010 E A 0.010 q B
0.008 ; 0.008 Grape

0.006 3 0.006

00043 0.004 |

00023 . l 0.002 4
0.000 E 0.000 3

0 5 10 15 20 0 5

0.005 4 0.005 4

0.004 0.004 ] Tomato
0.003 0.003 1
0.002 4 0.002 /
0.000 4 Lu-««—\ 0.000 —»u
0 5 10 15 20 0 5 10 15 20
© 0005+ 0.005 7
(2]
=
§ 0.004 0.004 Green
[ pepper
= 0.003 ] 0.003 1
o
|53
% 0.002 0.002 1 y
a
0.001 l 0,001 ‘JJ
0.000 4 0.000 1
0010 9 5 001520 (000 5 10 15 20
0.008 ] 0.008 7 Chinese
E ] Cabbage
0.006 0.006 ]
0.004 { 0.004 { /
0002 J l 0.002 3
0.000 1 0.000 1
0 5 10 15 20 0 5 10 15 20
0.005 4 0.005 -
0.004 0.004 Potato
0.003 0.003 1
0.002 0002 /
0.001 l 0.001 4
0.000 4 0.000 1
5 10 15 20

0 ;: 1‘0 1I5 2‘0 0
Retention time (min)
Fig. 3. Typical HPLC chromatograms of extracts from
agricultural commodities. A, control; B, fortified with
mandipropamid at 0.2~0.4 mg/kg.
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Mandipropamid #FF£-8 methanol2 &3kl -

of Eujol FHAamEaY] HHE A 24T
HjFe} I FA 59 9 AR ATt EAEA o
A= 9FS FA k3L acetonitrile/deionized
water &3 (50/50, viv)oll A&3 3 HFENLe 2°C
WA #1501 T 35 AlEA
%20 AR2uETA S Fig 37 7o) ¥4
IF, EvE, w5 8l e REe F
mandipropamid®] #4]¢] 73l £ W
okt wEbs BAWAY AZFSATE 717184
A ZFaA o} Y597 HPLC/UVD S
2 ng(EvtE 8 ZHzke] B9 1 ng) 2= HE 4t
A= 313, = 9 W59 79 0.04 mgkeel
3, EvfE B 2ERRe] 739 0.02 mg/kgel ATt A
o] AFAle 73 E7IE olstE 4T + 3
FFo 2 F8E 3 mandipropamide] HIA
Brysl7lo] s kil A Ak

- rHﬁ: i »
o }ﬂ

8
e e ox

i ot 1o X rlo

+~

0

o fr o 3@

33 EEE 2oy
&4

AFEEH7] 91kl A A o2 FokRA Y guidelineS
st LG Foll d= A2 F+2 91 93] (Codex)
2 EU9| #4Y guidelineol] 3t &4 7 5 (method
validation) 71%S& ZHESATE®M Codexo] 4
guideline & Table 33+ 7to] 3|44 A T HH
Sl B A ekl W7t Adelstint. el s =t
0.01 mgkgelslQl S HEFEE ALt H A
70~120%2] 3]5&32 20%H]THe] A 0 AE THEaof
o &k A &3l (limits of quantitation, LOQ)E 3
2 7HF3] &-7) 5 (Maximum residue limit)7h<] 73 & o]
7¥sslok &4, F-2]2] Al & (control)llX] EATTHAFAI R
o] A3HA Y 30%S ZHeA = etk FA sl
At} EU9| o724 validation 7152 AA| 202

10

H=
Ao

L]

Table 3. Method validation criteria for analysis of pesticide
residues in Codex

Concentration level Repeatability Range of mean

(CV)? recovery (%)
<1 pgke 35 50~120
> 1 pg/kg < 0.01 mg/kg 30 60~120
> 0.01 mg/kg< 0.1 mg/kg 20 70~120
> 0.1 mg/kg< 1 mg/kg 15 70~110
> 1 mg/kg 10 70~110

dCoefficient of variation for analysis excluding sample processing.
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Table 4. Recovery and detection limit of mandipropamid

residues
Agricultural  Fortification  Recovery LOQ
commodity (mg/kg) (%) (mg/kg)
0.4 100.8+1.5
Grape 0.04
2.0 98.9+1.7
0.2 84.6x1.9
Tomato 0.02
2.0 94.0+3.2
G 0.4 98.5+2.0 0.04
reeh Peppet 2.0 98.942.8 '
0.4 103.7+0.5
Chinese cabbage 0.04
2.0 95.748.3
0.2 92.8+1.7
Potato 0.02
2.0 89.3+3.5

“Mean values for triplicate samples with standard deviations.
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Fig. 4. Total-ion chromatogram (A) and mass spectrum (B)

of mandipropamid standard. Mandipropamid standard
50 ng was injected.

Analytical Science & Technology



F4HE 5 Mandipropamid®] ZFAH &Y

1.4e+7
1.4e+7
12047  miz a12 126471 miz 412
by yeis 1.00+7 /
8.0e+6 8.00+6 Grape
red 6.0e+6
rseed 4.00+6
2.0e+6
2.0e+6 l 0.0
00 : T T T T T 1
o 2 4 & 8 10 12 18 0 2 4 6 8 10 12 14
8e+6 8e+6 1
miz 412 miz 412
6e+6 6Ge+6
4e+6 4e+6 Tomato
2046 l 2046
0 o
0 2 4 & 8 10 12 14 0 2 4 6 8 10 12 14
1.4e+’ 1.4e+7
2 120474 miza12 12047 Mz 412 /
[7] 1.0e+ 1.0e+7
S 800+6 8.00+6 Green
L 6oets 6.00+6 pepper
£ 40e+6 4.0e+6
2.00+6 | 2.0e+6
00 00
0 2 4 6 8 10 12 14 o 2 4 6 8 10 12 14
1.4e+ 1.4e+7
1.2e+7 1 miz 412 12047 ] Mz 412 / .
1,047 1.0e+7 Chinese
8.0e+6 8.0e+6
6.00+6 6.00+6 Cabbage
4.00+6 4.00+6
2.00+6 | 2.0e+6
0.0 0.0
o 2 4 6 8 10 12 14 o 2 4 6 8 10 12 14
8e+6 8et6
6esg | Mz 412 6046 miz 412 /
406 toss Potato
2e+6 1 2e+6
0 0
———
4 8

— T —T
12 14 o 2 6 0 12 14
Retention time (min)

Fig. 5. Typical LC/MS selected-ion monitoring chromatograms
for agricultural commodities. A, control; B, fortified
with mandipropamid at 0.2~0.4 mg/kg.
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