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Abstract This study was performed to establish a single residue analytical method for determining
fungicide carpropamid residues in various agricultural commodities. Korean cabbage, apple, brown rice and
green pepper were selected as representative crops. Samples were homogenized, extracted with acetone and
purified by liquid-liquid partition and Florisil column chromatography. Carpropamid residues were analyzed at
220 nm with reversed phase HPLC equipped octylsilyl and octadecylsilyl column and confirmed using mass
spectrometry. ILOQ (Instrumental limit of quantitation) of carpropamid was 2 ng and MLOQ (Method LOQ)
was 0.02 mg/kg. Mean recoveries from four kinds of crop samples fortified at three levels (MLOQ, 10LOQ,
100LOQ) in triplicate were in the range of 84~112%. Relative standard deviations of the analytical method

were all less than 10%, irrespective of crop types.
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Carpropamid=  cyclopropanecarboxamideZ]] At 2 4]
AU 7He] 718 'S EARE Qlste] F 454
YA AA R o] Jor F2 250 F-EYPA oA
AA7E AR ] 95%0)dS 35kl th(Fig. 1). ¥ Nihon
Bayer AgrochemAl9} 5 Bayer AGAF} 1994d9]] 352
2 Adstdon Sols 19969 FAASAR A &
e o]F 19983 FE] ZHEol] ARS-E AT Tomlin, 2009).
Al el BFESARl SRk (E s, vheld)F
iminoctadine tris (albesilate)2}e] A WHY (TH3HE)
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o] =] glow, FAA B FsA =ZA AZFA| imidacloprid
o} AtA| fludioxonil®] A Aleh(EH-3HE )2} imida-
clopride} 24l prochloraze] EAIQ1 712k (vlo] )]
w53 Jh(EHEE S 3], 2012). Carpropamidis B9
A=y, gy, Al e, vk WA A
L5737 Yo @E=2ER TS, 2012), YS! Pyricularia
oryzae®] melanin PSS Aoz g s ehdtt
(Tomlin, 2009).

Carpropamid 42 7}~ 2ulE 123 (Gas Chromato-
graphy; GC)?} A A2 w}E 12} 3] (High-Performance Liquid
Chromatography; HPLC) =5 7}s3lt}. Seiji (2002) &
H)e} TS t’dS 2 GC-electrochemical detection (ECD)E
olgste] MR EAUL, ¥ F(2009)F BH2011)y EF
o] AFEAE 98] GC-ECDE A1t} Chu 5(2005)
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Fig. 1. Chemical structure and physico-chemical properties of carpropamid.
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Carpropamid 3%(99.9%)2 Fluka (USA)IA +43}
%3, acetonitrile, acetone, dichloromethane, ethyl acetate,
n-hexane> HPLCHCS.Z Burdick & Jackson (USA)Z5-E
TYske] ARESEATE B3 sodium chloride, 7+ sodium
sulfate, formic acide GRF-S ARE-3ISIT}. Florisil (60-100
mesh)S Fluka (USAYIA &3 AznEag)s]gos 79
stom Aol ARE3l7] el 130°C SBolA 5AI7E ©]
% AT AR #ESE flE 9A7](gHd, HMF-
1000A)E ©]&3taL F=5& a8l X1"FZ7](SA-2s, Taitec,
Japan)S ARSI O AlE FEA 55 A AYEFTI(R-
114, Buchi, Switzerland)& A8-319t}. =542 GF/A
F}A](Whatman International Ltd., UK)E ARE-3ld o3}3}

.
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HPLC &M= MH

ZME 5 carpropamid®] #2492 diode array detector (DAD)
7} 2 Agilent 1100 series HPLC (Agilent, USAYE A}
&-313th. Carpropamid £3589 1 mg/LS w4 st] X3
o] FBIFS ARl 2ARHeRE 9 C18 29
9] YMC-Pack Pro C18 (250 x 4.6 mm, 5 pm), Shiseido
CapcellPack C18 (150 x 4.6 mm, 3 um), Phenomenex Gemini-
NX C18 (150 x 4.6 mm, 3 um, USA) <4 C8 ZH<l
Agilent Eclips XDB-C8 (150 x 4.6 mm, 5 pm, USA)S A}

S3lo] AE FFE HHo ENAYHA o5 A 2 #
& 5 w21 A48 tH(Table 1).

HESH|, MEeHH, Mo N U EEHTM X
MM

—_

Carpropamid ¥589 1, 0.5, 0.1, 0.05 mg/LS &2
HPLCO| FY3sl] ZZvFE a3 9] signal?} noise2] H|E
slo] 717171%3H (Instrumental limit of detection; ILOD) 2
%) %8| (Instrumental limit of quantitation; ILOQ)E A4
39T}, Carpropamid 3-89 0.1 mg/Lg v 2 Alzke]



HPLC-DAD/MSE 0|83t sitE & <hH| Carpropamidl J2 MREAY =4 187

Table 1. HPLC operating condition for the analysis of carpropamid

Instrument Agilent 1100 series (USA)
Column Korean cabbage, apple
- Agilent Eclips XDB-C8 (150 x 4.6 mm, 5 um, USA)
Brown rice, green pepper
- Phenomenex Gemini-NX C18 (150 x 4.6 mm, 3 um, USA)

Column Temp. 35°C
Mobile phase Korean cabbage, apple, brown rice
- acetonitrile : water = 65 : 35 (v/v)
Green pepper
- acetonitrile : water = 60 : 40 (v/v)
Flow rate Korean cabbage, apple, brown rice : 1.0 mL/min
Green pepper : 1.1 mL/min
Detection 220 nm
Sample size 20 uL
BX 27 stoA dojo] 7H HPLCY FYste] A=ntET A7} RAAWEEAIZHL,, adJusted retention time)S ©|-&
W gl MR ANy, YA WA, 9 Folo] WelE 8] ANSATHE] 5, 2009). E&, HPLC 2] ALAS
H|W AEste] £49] w4 S 918151 9™, carpropamid 5737] S8l ol & ‘?l—r(Number of plates; Ny= HFE Al
E289 0.05-10mgll WIS EZAFHS Aol 4 23} 39 ulE olgse] AN, olBY ol
A& ERlsisitt. (Height of theoretical plates; Hy= AlAFeE N2} 25 <] Zo]

£ o]-&ste] ALk th(Rood, 2007).

Carpropamid £& ¥ 2H{=71 Z[X 3|

AURHA 0 2 275k 2o de] ARE L & acetone, k:tR'/to
acetonitrile @ methanol FollA] =4]-8-j O]‘:q’\i oM £ = HEE A7}, = dead time
ol A carpropamidE F=3I=t] AME-E v} = acetoneS tR =tR—tO=EXé Uﬂ’%% A7k
FEguiEx A TKSeiji, 2002; ¥ 5, 2009; H N=5.545 x (t/W,)’
2011). HA 9 Eujx1S Asl7] flste] & dAFelA= W,= T2 12 =09 = 1H]
ol ol Bl guj2 Wo| AFE-% 7 AE n-hexane, dichloro- H=29 Zo](mm)/N

methane 2 ethyl acetateS 7 E3I T 0|5 8l LT

o 3 5}4}"5—? 50 mLe} S74 50 mLE ¥ carpropamid EMY HEES 4Et 5+ 4E
FFENE APt o] 1mgL o] HA & F, A HHE AT o) F, AAYHFY A EANHFE 2
i &l E ZH2F 100 mL, 50 mLA ¥ F7lsto] Fuls A2 o] A& st 71713 FEHAI(ILOQ)E
EE’H 7F o) S Bl Ee-S AREelt. FE 244 284 (Method LOQ; MLOQ)Z AF=a3ithe]
T, 2009). & o] 71 R AR NS 2d A
Florisil & S 20tE D M= X3 LS ASe] S8l FA2 Ase] 2289 A7l o
F2d GAE 8l A G Bl 220]= Florisils ©| 2} 35(MLOQ, 10MLOQ 100MLOQ) 33202 xz]%
83t glass 29 AAE ST A E 15 mm, Ao AEE ol&3iA 3eedt FEFAAE etk +2

350 mme] 212 Florisil 10 g2t < sodium sulfate ke A 25 ¢S A3 Dol 100 mLY acetone 73]
3¢S AR AXFRE] AAE FYPHS Ve &5 A7 B8 X8 FE830t). dvle 3= dol /5 25
S = B2 AelA ARE A e ethyl acetate/n-hexane mLE 2ol AEE HFasAFY FEES $USFS,
E3S ARE-8ISITE. Ethyl acetate Hl€-2 5% = 10%2 30 mL acetone® 2 A} & 87|15 Moo} o] ofdllz}
Fo|HA &5 3 100 mLE Florisil ZHd S22 33l Tk 40°C ©]3he] 4 _ZLoﬂ/q %l 23190} =

7t &ZN 9] carpropamid §E&2 HESIIT. IS 50mL 23} 2957 mL 2ol 50
L SF<F 100 mL n-hexane_i ?% T-o] g AE3) 7

EMZEo HEE 54 ¥ ZEH 284 =l ‘%}?} T Fol 222 w7kA] FA STt n-Hexane 35 -
A 3lellA HPLCd2] carpropamid ¥ =2 4 sodium sulfated] T2 A|A 43 &, T}A] n-hexane

=
& 585 EAsk7] A8l capacity factor (h)E ™5 50mLS 7Fsted g W o Faf FEskaL —%—%‘%“% gtoted
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Table 2. LC/MS operating condition for the analysis of carpropamid

{ - 0|”E - ZEEt

Instrument

Column

Column Temp. 40°C

Mobile phase

Flow rate 0.2 mL/min
Sample size 5uL
Ionization ESI positive mode
Drying gas Temp. 350°C
Capillary voltage 36.6 V

RF loading storage 93%

Mass range m/z 100~400
SIM ion m/z 334

Varian 500-MS IT-MASS spectrometer (USA)
Phenomenex Kinetex C18 (100 x 2.1 mm, 2.6 pm, USA)

0.1% formic acid in acetonitrile : 0.1% formic acid in water = 60 : 40 (v/v)

40°C oJstollA 7553 § n-hexane 5 mLol 283
o ZA AMgstsit. FE2H BAE 2A8) Florisil 2] 2
Holl n-hexane 100 mLE 7}sted AlH sl &< SmLE
2713k Tl ethyl acetate:n-hexane (5/90, v/vy&< 100 mL
2 AAs)A W#HTE 2L F ethyl acetate:n-hexane (10/90, v/
vI&H 100 mLE 7hste] §2|A1A Wttt &2/dE 40°C
ojsloll A 7dE=3 F 5mL acetonitrile®  A-8-3l 5t
HPLCE #4331t}

7o A48
ZH-EA S S o carpropamid

UEER
WRE JEsh ABERO wheh 2] G3Eo] Fo]
=

7} HASREAE BR1e] $J8) Aelie] e 242 3
g AdEre EAZZ72 SPSS (ver 14.0.2KO0, SPSS

2HEA] (one-way  analysis of
variance, ANOVA)S a3t om A4S 98 o=
H 244 (Duncan)S p < 0.05 <14 $=8)81 Tt

fon

LC/MSE 0|88 &l 4

HPLC-DADE ©]&3t] 48 el Agds gn
371 918 LOMSZ 231 4811tk LOMS £44<2 Varian
500-MS IT-MASS spectrometer (Varian, USA)E AM-3}5
©1 ESI (Electron spray ionization) positive mode®l|A] ©]
23}3}% 3L SIM (Selective ion monitoring) modeE- ©]-8-3}
Atk ZEe e SRl dAflel 9% C18 ZH< Phe-
nomenex Kinetex C18 (100 x 2.1 mm, 2.6 pm, USA)S A}
231 THTable 2).
7 9l D&
Carpropamid2| UV §% Iot& ZH

Carpropamide= 93-S WAsh= 54 YeplA] &7
Hzol UV F3HE715 488t =9 UV 3%

100

80 <«— ).det. 220 nm
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Fig. 2. Ultraviolet absorption spectra of carpropamid.

EA5 241817] 918) carpropamid ¥5-89 1 mg/LS DAD
2B A3, o33 2ol FHol 3-333Pdo] 220 nmollA]
Hzhe]o] 4] Alo] HPLC A% 45 A% 54 2
220 nm2. 2 A4 A THFig. 2).

HPLC 24 ZH R 77| BM =4 ZF
Carpropamide & 4719] o]@ZAZ FA= UL 2
F VHe Fo o EATE A9 95% ol s A ke &

Pro C18 (250 x 4.6 mm, 5 um)S o]&3stF o, F 71<
o HA7 s] HE|HAY shE FHAA] e HA
2 UebTHFig. 3a). ZHe] ZelE Brh &2 Shiseido
CapcellPack C18 (150 x 4.6 mm, 3 pm)S.2 HlFLo] A3}
Az N 2 Eths 9=7F A7 FHE JERAT o
78] 37k WA JerstthFig. 3b). Wb, 2ol 5
£ Agilent Eclipse XDB-C8 (150 x 4.6 mm, 5 um)S.2 H
st A5 A3}, 939 BYo| Gaussian HEFJEHE
Ao g HF A th(Fig. 3c). sHAI, dn|9t
AFe] As AZe WelEdde] 285 $18led Pheno-

menex Gemini-NX C18 (150 x 4.6 mm, 3 ym)Z ©]&-}o]

m:
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Fig. 3. HPLC analysis of carpropamid using different analytical
columns.

A; YMC-Pack Pro C18 (250 x 4.6 mm, 5 pm), acetonitrile :
water = 70 : 30 (v/v), B; Shiseido CapcellPack C18 (150 x 4.6
mm, 3 pm), acetonitrile : water =60 : 40 (v/v), C; Agilent Eclipse
XDB-C8 (150 x 4.6 mm, 5 um), acetonitrile : water = 65 : 35 (V/v).

B39 o] 32 85819l acetonitrile} water] Y]
&3 £58 243 carpropamid 2|5 A5} st
I A, dnl, Ak uiE AR A A olBd BRAS
acetonitrile B]&°] 65%% ZAAIIFL IF A|FE EA A
ol5A; AL acetonitrile H]&°] 60%= AR HAT. 4

&), Ak, wiF AR A Al 1.0 mL/min® 2 313 Al

o
B 84 Al 1.1 mL/min® & 2= w2} A3}t &

dH 717182 AE carpropamid®] A3 EA F

Ml

A Carpropamid®| F& IFZAY =g 189

Table 3. Reproducibility of carpropamid analysis

Reproducibility
Average C.V? (%)
t, 5.20 (min) 04
Area 245 13.3
Height 0.22 6.8

9C.V (Coefficient of variation, %) = Standard deviation / Average
%100

500 -
400
@
E 300 4
=]
(=9
3
& 200
100 1
y=38.50x - 1.80
R2=0.999
0 T T T T 1
0 2 4 6 8 10

Concentration

Fig. 4. Calibration curve of carpropamid.

g rh g aste] Jol GO dla) AEEE AgHo
FHLANOE g A Hojof § $49] NS #

1
Haled HAske 27002 Alg .

ol

HPLC 24{9| J|7|H4 &8, 7|71 8 & H=Y
7171487 (ILODY= 7171 4 3=z QAT 4 &
SHAIZA AZrE23 A S/N (signal?} noise)H] 7} 38 ©]
4 ol dgehe worel Yoz AR, 7118
(ILOQ)= 7171 422 A=A A AFE + e M=
SANBIZF 108] o F&= s oz AdthFong 5,
1999; Miller, 2005). ILOD9} ILOQE ZAA 37| Y&l thek
& T FFEAE B e™ 2 A3, carpropamid
o] N7NIAFIAILOQ)E 2 ngelTh. ¥417171¢] ¢kAA
S RIsk7] Sl e vHEA A RS Sttt A
C8 ZH(Agilent Eclips XDB-C8, 150 x 4.6 mm, 5 um, USA)
S AME3lo] 65% acetonitrile ©15AF 24 FtollA AAH
B 2ngg 78 W 2Aalsin. 2 A, HEEAZ,
92 WA 9 Eole) Wi B4 7 o3k ok AHA 2

= 717184 0] 7FsES 1 tH(Table 3).
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Table 4. Efficiency of liquid-liquid partition® with three different solvents

Recovery (%)
Solvents — ">
Partition-1 (100 mL) Partition-2 (50 mL) Total
n-Hexane 63.1 34.5 97.6
Ethyl acetate 70.6 424 113.0
Dichloromethane 77.7 27.5 105.2

“Partition mixture : 1 mL of 100 mg/L carpropamid + 50 mL of saturated NaCl + 50 mL of distilled water

Table 5. Recovery rate by sequential elution of ethyl acetate/n-hexane mixture

Ethyl acetate/n-hexane Recovery (%) Ethyl acetate/n-hexane Recovery (%)
10:90 100 mL 71.9 5:95 100 mL -
20:80 100 mL 389 10:90 100 mL 89.5
30:70 100 mL - 15:85 100 mL -

40 : 60 100 mL - 20:80 100 mL -
50:50 100 mL - 25:75 100 mL -
Total 110.8 Total 89.5

5
g8l Y= WHolth. n-Hexane, ethyl acetate % dichloro-
methane2 ARE-8F$ o Hul &od 100 mLe] 13 )
3]FE2 63.1~77.7%1 00, e &u) 50 mLE 57} &
Hjgk 73 3]580] 97.6~113.0%°]ATHTable 4). wElA,
100mL % 50 mLA 7 ¥ of-of Fufjeh= Ao Fuf x
AL AR e 82 AES A 7R £ 25
335 FFES HAo, o] FollA WelEde FZo
3L o]F AAH oz HPst=d §&4 n-hexanes
v & = A st

™

Mr X

o
ATHFong &, 1999). 8% &vl ethyl acetate/n-hexane &
51

ol & ARE-51%1 .01, ethyl acetate H]S2 10%% Eo|HA
&= £ 100 mL¥ §FA1AH carpropamid §E&S 7
st A3}, ethyl acetate Hl&°] 10%E ® 71.9%7} &=5

E

Q3L o] F 20% HEY wf 38.9%2] &&E&S H A TH(Table
5). BAXAE B} AlEskebr] 93l ethyl acetate Bl &S
5% =o|HA carpropamid &% 542 F7F HAESISS
H, ethyl acetate 5% §Z 100 mLolA= carpropamid’}
fZo] HA| k3 1 o]% ethyl acetate 10% 2= 100

mLe| &&8&°] 89.5%= thiEo] 3|E U Table 5). w
214, ethyl acetate/n-hexane 5:95 (v/v) &3} 100 mLZ
ZHS A2 ethyl acetate/n-hexane 10:90 (v/iv) <)
100 mL=Z carpropamidE §-Z3h= Florisil BA=71S o

HaT

Hr

I

Z &9l carpropamid HFE S3 ¥ ZH 884
St A2yl wet v, dv], Akt 2

A 23 § Table 19] wet £43151S o, HPLC A2 v}
EIA carpropamid®] #F-5E 54 92
1Tt Carpropamid®] M5 Al7H v FollA] 5208,
Al 5318, @n] 6.18%, 15 6.925-0] S H(Table 6),
Fig. 504 H5o] IZrfE 18] AJol|A] carpropamid®] peak
T2 24 delEde] #FEA 7] wite] theet 5

S g

o
20
52
o

=0 MFEF 542 Gl 98l capacity factorql A%k
S REeiion, wiE, Al dAn], AFolA ZH7t 432,
426, 5.09, 5.87°|ATHTable 6). Wi} Alahe HU 3 B4
Z0M ZA8I37] Wl 27t 4.32, 4.269] AR kg
o] A=A, drle C8ZAHET HMFEE Ao =
Clgzg oz #4007 wio] Aides =2 509 3
o] AAFE AT F= 05 32 acetonitrile H]-&©] thE 2t
ol Hjal] 60%= WAL CI18ZHOZ EA3% 7] 71
=2 5.590] A=EE Q). Capacity factor’} SO &S A]
Zhell A 0] 7FsslA N 8l peake] AEg B Eall5S
R3] oYL, YR capacity factor7} UF W £
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Table 6. HPLC chromatographic behavior of carpropamid

AR Carpropamide| FZ TREAME 2 191

Crops t? (min) t,? (min) ' (min) K N9 HP (mm)
Korean cabbage 5.29 0.97 432 4.45 3519 0.043
Apple 5.31 1.05 4.26 4.06 3545 0.042
Brown rice 6.18 1.09 5.09 4.67 3677 0.041
Green pepper 6.92 1.05 5.87 5.59 3157 0.048

“Retention time of carpropamid
PRetention time of unretained compound
9Adjusted retention time =ty — t,
YCapacity factor =ty' /1,

“Number of plates = 5.545 x (ty / W),)>, W;, = peak width at half height

YHeight of theoretical plates = column length (mm) /N

Korean cabbage

;JL;M

o w oo o
o
-—

Relative response
o
°
o
=
o
o
S

Brown ric|

o w oo v o W»

0 2 4 6 8 10 0 2 4 6 8 10

Green pepper

JLM l

2 10 0 2 4 6 8 10
Retention time (min)

Fig. 5. HPLC chromatograms of carpropamid in crop extracts.
A; control, B; fortified with carpropamid at 0.2 mg/kg.

ol gAI7F k. S &l o] 5(2009)= fenhexamid
BAsh=d kgtol 4.53~5.46, ©] 5(2010) cyprodinil
A Al kghol 3.12~3.94 2] 3 Kwon $(2011)2 orystrobin
2 AAIE Sk Akl 4.5~6.55w EAERCE
éXé s

OJ 2N o2t wo|(Hye 2] 22 882 U
ERfiH, N& &8 He 4255 299 f88do] =0
(377 5, 1997; McNair and Miller, 1997; Rood, 2007).
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Table 7. Recovery of carpropamid from different crops
Fortification Recovery”(%)
(mg/kg) Korean cabbage Apple Brown rice Green pepper
0.02 98.0£4.9 a” 112.5+£9.8 a 90.2£8.1 a 87.7+£82 a
0.2 84.0+£4.2 b 100.5+4.9 ab 92.8+55 a 85.5+58 a
2.0 91.8+45 ab 972+3.1 b 87.0+1.0 a 92.8+0.2 a
Ymean + SD,n=3
oS A HA A3 (p<0.05)
£ 10 4 —~ 120
VS A N B 334 [M+H]*
f 3 | ‘qm-: 100 0 MHH (o]
& £ 80 80
S 6 Q
- & 6o -
W o 40
2 4 ar [M+4+H]*
s ® 40 20
E E :
g 24 E 20 330 332 334 336 338 340
< o)
& 0 & o
0 2 4 6 8 100 150 200 250 300 350 400
Retention time (min) ms

Fig. 6. LC/MS total-ion chromatogram (A) and mass spectrum (B) of carpropamid. A standard solution (1 mg/L) was analyzed.
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Fig. 7. LC/MS SIM chromatograms of carpropamid in crop
extracts. A; control, B; fortified with carpropamid at 0.2 mg/kg.
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