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Abstract Ipfencarbazone is a herbicide of the tetrazolinone class, and is believed to be an inhibitor of very
long chain fatty acids (VLCFAs), which control cell division in weeds. The objective of this study was to
develop and validate an official analytical method for ipfencarbazone determination in agricultural products.
The ipfencarbazone residues in agricultural products were extracted with acetone, partitioned with n-hexane,
and then purified through silica SPE cartridge. Finally, the analyte was quantified by gas chromatograph-
electron capture detector (GC-ECD) and confirmed with gas chromatograph/mass spectrometer(GC/MS). The
linear range of ipfencarbazone was 0.01 to 1.0 mg/L with the coefficient of determination (+°) of 0.9999. The
limit of detection (LOD) and quantification (LOQ) was 0.003 and 0.01 mg/kg, respectively. In addition,
average recoveries of ipfencarbazone ranged from 80.6% to 112.3% at the different concentration levels LOQ,
10LOQ and 50LOQ, while the relative standard deviation was 2.2-8.6%. All values were consistent with the
criteria ranges requested in the CODEX guidelines. Furthermore, and inter-laboratory study was conducted to
validate the method. This proposed method for determination of ipfencarbazone residues in agricultural

products can be used as an official analytical method.

Key words Ipfencarbazone, GC-ECD, GC/MS, Herbicide, Maximum Residue Limits

G2} B 2719 AMake Aol Aden Sa I
Ul ) 27

14

71 EAJo]th(Hokko 8}8h5d5-213]A}, 2012).
S5 (MHLW, ministry of health, labour

N o' eq
R e E L
Ipfencarbazone- tetrazolinoneZl A=A = Fhxo] AlE=t ’go] w2 Flo|
A1 A A AHVLCFAS, very long chain fatty acids) 2013 L&
TS AT ZN M AFS AAA JH2E I and welfarey> &nlo] ipfencarbazoneol] T3t #H53]87]=
ZItH(Hubert 5, 2008; &2 °FA} - 21 914 A 9] 3], 2013;

Corbin %, 2013). IpfencarbazoneS Fz7F WA A &

*Corresponding author
E-mail: 1004@korea.kr

210

(MRL, maximum residue limity2 0.05 mg/kg® A4 31k
(Y oFAL- 2 94 41913, 2013). -2yt 2ol tial
273871 (MRLYS AT dFo]ar, olol w2} ipfen-

carbazone®] FihE 5 FWFEAES

hul

Slgk Al B A



GC-ECDE 0|25t A2 £ Ipfencarbazone? AEAR g 2 A

ek A A AN =2T7Fsgel EAY =
gol 2 ARk AFAF AgAA fslish 28
T eng FRee] Ho'w Asto] BAY il
FEAIZ)AL Aot SEAIEE, ipfencarbazone H4o] 7331A
U ARl B EH/\V‘%L glo] B2skghEdl ipfencar-

bazoneRt 4] tFo® AsIATHE ol E, 2012; 2013).

27t Al BE ipfencarbazone®] FHREAIHORE
Sun 5(2012)°] HPLC-DAD (high performance liquid chro-
matograph-diode array detector)E ©|-8-3F FEAHo] FU3}
), E(LE oA} - AF A 419]3], 2013)0X = 7124
< 98 LC-MS/MS(liquid chromatograph-tandem mass
spectrometer)Z #2442 3 AlE|7F o). SEAITE, ipfencar-
bazone> Aol U3 AAdt RAE ALE Il

Ao 7|AAZFE Y E(GC, gas chromatograph)E ©]-&

& H98 P2/ AAZRAEY) T A2AP27) S
# 358 29 AR Ay, ool & S7I

EAE A AREA

=
GL 003)01] e} l‘i‘/—‘it\ﬂ
o4 7““‘4/“ < d%é}ﬁigﬁ 434
o MY ¥ frads
55 2 5 ipfencarbazone?] SHAZEE $3F ¥

AEAoR B89 Zolt.

tjo

Lot

f

ofr

¢4

=
do

i)

2 i

R

N =
Ipfencarbazone (Table 1) EFE(99.7%)2 &73H& (Lot
No. 120420)014] A|-g5ko} AM8-31913, acetone, n-hexane,

ethyl acetate 5= HPLC 55 2% Merck (Darmstadt, Ger-

21

ol

many)o|A FY3ke] ARSI Sodium chloride= Wako
(Osaka, Japan)ell A1, florisil (6 cc, 1 g) 2 silica (6 cc, 1 g)
SPE 7}EZA = Waters (Milford, USA)IA F43kTh.
AR ZAR celite 545 % anhydrous sodium sulfate=
Merck (Darmstadt, Germany)l4 -+ 3FA T
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-50°Ce] Hstarl AR A3t
EEHY 3 EFEEY
Ipfencarbazone EFE-2 10.03 mgS acetone 10 mLOll
HO]-Oi 1000 pg/mLe] FFAHE A5}, o2 acetone

o2 845} 001, 0.02, 0.05, 0.1, 0.2, 0.5 2 1.0 pg/mL
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A7} @Eﬁ 9lt #ztﬂ 7w 712 o 2R ZA) (celite 545) 10 g
< o] 83 B3t F acetone 30 mLE FAF B 8712

Aol oko ozt Fapict. F%l oS 500 mL &F
o] EefofFol] &713 A A 20mLe}t & 100 mLE
ZH 2 713F & p-hexane 50 mLE 718k 287 A
Zekslar Fo] $hds] feld w7ix] G A AT}, n-Hexane
S FTUER FHAA s S SR B,

Table 1. Molecular structure and physicochemical characteristics of ipfencarbazone

Property Contents
ITUPAC name 1-(2,4-dichlorophenyl)-2',4'-difluoro-1,5-dihydro-N-isopropyl-5-ox0-4 H-1,2 4-triazole-4-carboxanilide
CAS No. 212201-70-2 a
Classification Herbicide
Molecular formula C,sH,4CLF,N,O,

a
Molecular weight 427.23 !

. . o: \N
Melting point 133.8°C Y )

. N
Density 1.526 g/cm’ O:< o
Log Pow 3.0 (25°C) N—CH
Vapor pressure 2.5 x 107 Pa (25°C), 9.8 x 107® Pa (20°C) ] -
Solubility Water 0.515 mg/L, methanol 9.44 g/L, acetone 78.9 g/L, ethyl acetate 63.8 g/L,

dichloromethane 237 g/L, hexane 0.279 g/L (20°C)

-




212

0z
=
o
Ton
o
o
o
02
b
o
0’

Sample 10 g |
- Add 100 mL of acetone

- Homogenize for 5 min

| Filtration |

I - Wash with acetone

| Liquid-liquid extraction |

- Saturated saline solution 20 mL + distilled water 100 mL

- n-hexane 50 mL (2 times)

- Collect n-hexane layer

Concentration

- Dissolve with n-hexane 10 mL

Purification
(SPE-Silica, 1g)

- Activate with n-hexane 5 mL

- Sample loading 2 mL (Aliquot of 10 mL)
- Wash with ethyl acetate/n-hexane(10/90, v/v) 10 mL
- Elute with ethyl acetate/n-hexane(20/80, v/v) 10 mL

| Concentration |

- Dissolve with acetone 2 mL

| GC-ECD |

Fig. 1. Flow chart for ipfencarbazone analysis.
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Table 2. Comparison of SPE cartridges and elution solvents for ipfencarbazone analysis

Experiment 1 Fraction Florisil (%) Silica (%)
Acetone/n-hexane Loading (2 mL) - -
10/90 1 (10 mL) 91.8 97.8
20/80 2 (10 mL) - -
30/70 3 (10 mL) - -
40/60 4 (10 mL) - -
50/50 5 (10 mL) - -
Total 91.8 97.8
Experiment 2 Fraction Florisil (%) Silica (%)
Ethyl acetate/n-hexane Loading (2 mL) - -
10/90 1 (10 mL) - -
20/80 2 (10 mL) 90.9 101.0
30/70 3 (10 mL) - -
40/60 4 (10 mL) - -
50/50 5(10mL) - -
Total 90.9 101.0
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Fig. 2. Calibration curve of ipfencarbazone standard solution.

Table 3. Validation results of analytical method for the
determination of ipfencarbazone residues in samples

Sample Fortification ~ Average £ RSD LOQ
(mg/kg) (%) (mg/kg)
0.01 80.6+7.4
Hulled rice 0.1 93.5£25
0.5 959+84
0.01 1053 £3.1
Soybean 0.1 104.1 £8.6
0.5 919+53
0.01 103.0£3.5
Pepper 0.1 110.7£33 0.01
0.5 109.8 +3.1
0.01 100.6 £ 8.5
Mandarin 0.1 1123+3.4
0.5 104.6 +4.4
0.01 90.0+3.4
Potato 0.1 108.6 £2.6
0.5 105.9+22

73 AA A F o oFE A ¢ T it 35E2 94.6-
113.7%°] 3 FFEH2R= 10% P|TEe 2 S H Ak F A
A7 358 Aol mE HdE2 95.1-106.1%, HolAF
(CV, %) T3t BE Ag]5elA] CODEX 7to|=8RI(CAC/
GL 40, 2003)°ll4 #AAS 7] A2l E% > 1 pgke, <0.01
mg/kg®] 45%, 22§ >0.01 mgkg, <0.1 mgkgel 32%
Bt} gol 23k A o7 3olEATH(Table 4).
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Fig. 3. Chromatograms of ipfencarbazone (A) standard of ipfencarbazone 0.1, 0.5 mg/kg; (B) blank and recovery of hulled rice; (C)
blank and recovery of soybean; (D) blank and recovery of pepper; (E) blank and recovery of mandarin and (F) blank and recovery of

potato.

Table 4. Inter-laboratory validation results of analytical method for ipfencarbazone in samples

. . Recovery + RSD (%) . .
Sample Fortification MEDS! K — Average CV
P (mg/kg) yeongin %) %)
(n=5) (n=3)
. 0.01 80.6 7.4 113.7£9.7 97.1 24.1
Hulled rice
0.1 93.5£25 104.7£4.6 99.1 8.0
0.01 105.3 £3.1 101.6+7.1 103.5 2.5
Soybean
0.1 104.1 £ 8.6 94.6=£1.1 99.4 6.8
0.01 103.0£3.5 1083 £ 1.5 105.6 3.6
Pepper
0.1 110.7+3.3 100.5+£3.0 105.6 6.9
. 0.01 100.6 + 8.5 95.7+3.8 98.1 3.5
Mandarin
0.1 1123+£34 1003 £6.7 106.1 8.2
0.01 90.0+3.4 100.3£3.0 95.1 7.7
Potato
0.1 108.6 £2.6 98.1£3.2 103.4 72
! Ministry of Food and Drug Safety
2 Kyeongin Regional Food and Drug Administration
3Recovery average of inter-laboratory
* Coefficient of variation of inter-laboratory
exact mass # 426.0 m/zo|t SFEY oA Eafol I e o= Age] BojA AYE F £Ake ol
& A9 HEHA ¥kt Ipfencarbazone®] 579002 = SRl AE = o] ARnEIY} AFAHAE
2HEY Aol A FE3 intensityS 2H= 198, 228 m/zS Al g 9 EMole Atz Fig. 40l A|A8t2H, o]

Aalgon ol oFl7ZI(N-H) 7HE47](C=0)

o
a3

ol

],

o] ipfencarbazone®] W5 Al

2 8.9%-0] U TH(Table 5).
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Fig. 4. Mass chromatogram (A) and full scan mass spectrum (B) of ipfencarbazone.

Table 5. Selected-ion of GC/MS for ipfencarbazone

Retention time (min) Molecular weight Exact mass Fragment monitored (m/z)
8.9 4272 426 198,228
2 = 2ol 2
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Evaluation and Analysis Method on Pesticide Residues in
Foods-2014(14161MFDS009)" from Ministry of Food and
Drug Safety, Republic of Korea in 2014.
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