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Abstract A chromatographic method for the determination of imazapyr, a non-selective herbicide, in
agricultural commodities was developed to use safety control of pesticide residue on crops, and was fully
validated as an official method for residue analysis. Agricultural commodities, mandarin (fruit), hulled rice
(cereal grains), pepper (vegetables), potato (potatoes) and soybean (beans) were extracted with methanol and
partitioned with dichloromethane to remove the interference obtained from sample extracts, adjusting pH to
2.5 by 4N hydrochloric acid. Finally, they were analyzed by high performance liquid chromatography coupled
to UV detector (HPLC-UVD). The developed method had the linearity in the range of test concentrations
with coefficients of determination (+?) more than 0.99. Recovery studies were carried out at three concentration
levels (LOQ, 10LOQ, and 50LOQ) performing five replicates at each level. Recoveries were ranged between
72.1 to 108.0%, with relative standard deviations less than 10%. A consistent recovery was determined
according to the CODEX guidelines (CAC/GL40, 2003). Finally, LC/MS with selected ion monitoring was
also applied to confirm the suspected residues of imazapyr in agricultural samples. This developed method

for determination of imazapyr residues in agricultural commodities. can be used as an official method.
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Imazapyr[2-(4-isopropyl-4-methyl-5-0x0-2-imidazolin2-
yhnicotinic acidf& imidazolinoneAld 3HHEZ 200201
American Cyanamido|A] 7]'&3+ A A o] ™ (Wang 5, 2006;
Santoro 5, 1999; Beardmore 5, 1991) 3= U] T4 o}n
ko] RS Akl el Hagh Tl e oA

sk 713 el WAlESE YeRAt(Wang 5, 2006;

*Corresponding author
Tel: +82-43-719-4204, Fax: +82-43-719-4200
E-mail: 1004@korea.kr

residue analysis, imazapyr, HPLC-UVD, LC/MS, agricultural commodities

Miller 5, 1997). 434 &= thdA #x, 994, 924
&, 7MY Soll 3 9sA ARS-(Charles 5, 1995)=™
Az o] AMA oA e AR AYARE AMEE ¢
ATh(Navakova, 1994). 53], E W 2H7/de] AL o] &4
T ghiste] thaA gz Aol vlg- G344 o]th(Wang 5,
2006).

A4 E714 993 (CODEX)= 201235 ALF,
T, A, k1A, Dol imazapyrel tidk W5
715 (MRLs)S A% 313 tHCAC REP12/PR, 2012; REP13/
PR, 2013; REP14/PR, 2014). &4 imazapyr®] 7+73]-&7]
F& \=H(EPA, 2003, 2013, 2014)°14E O, thEH, @

°
©
&



X X|. Zl
[ R [

S

[o)]
Jn}

Ton

AW, suleh7 |4 Foll, UE(MHLW, 2014)
dME g, S5, AR A E o] Sl SEuetelA]
Y2 E| AHE-E= imazapyre] AR E S5t

3
%

onz FAHE 5 imazapyre] AL E SIS FAEAH
o] 7ol a3k Aot Weiping 5, 1992; Novakova,
1994; Charles 5, 1995; Wang &, 1995).

a7k i EAHE Faste] sAkEd A48 & 9l

HAAZeETHS 29 HFEAE7](HPLC-UVD)E ©]
&3 TS Jidstaal stk CODEX 7tol=2t
RI(CAC/GL 40, 2003)°l whe} FARE] 247g, e, A
14, A, S dostleon, BAATe A Ele
f8l AAAZeEDH T AZFHEA7|(LCOMS)E o83
2 B AL gussit e BAHe

FEe] st Al &8 5 S Aol

T

Table 1. Physicochemical property of imazapyr
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Imazapyr (Table 1) 3 (99.4%)2 BASF (Reg. No.
172267, BAS 693 H)ellA Al gko} ARE-8131 3L, acetonitrile
(ACN), dichloromethane, methanol, n-hexane &= HPLC
SHOZ Merck (Darmstadt, Germany)ol|lA F+3sle] A&
3199}, Hydrochloric acid (HC1)9} sodium chloride (NaCl)
£ Wako (Osaka, Japan)ollA], acetic acid®} formic acide
Sigma Aldrich (Buchs, Switzerland)ol|A] 3o} AR5}
) AR ZAR] celite 5452 anhydrous sodium sulfate=
Merck (Darmstadt, Germany)ol4] -+ 8FATH.

ol
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Imazapyr % 10.06 mgS methanol 10 mLell -8-3ll}
o] 1,000 pg/mLe] #EFYNLS ZASL, ©]E5 methanol/

Property Contents
TUPAC name 2-[(RS)4-isopropyl-4-methyl-5-ox0-2-imidazolin2-yl)nicotinic acid
CAS No. 81334-34-1

Classification Herbicide

Molecular formula  C,5H;sN;04

Molecular weight ~ 261.3

In water 9.74 g/LL (15°C), 11.3 g/L (25°C). In acetone 3.39, DMSO 47.1, hexane 0.00095, methanol 10.5,

Melting point 169-173°C (171°C)
Density 1.34 g/mL
Log P, 0.11
Vapor pressure 0.013 mPa (25°C)
pK, pKar 1.6 pKy»3.6 pKy312.7
Solubility dichloromethane 8.72, toluene 0.180 (all in g/100 mL).
HyC
4 CH,

Q N

Chemical structure N
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Sample 10 g |

- Add 100 mL of 60% or 70% methanol
- Homogenize for 5 min

Filtration |

- Wash with methanol

Concentration |

- 60 mL or 70 mL distilled water
- Adjust pH to 2.5 by 4N hydrochloric acid

Liquid-liquid partition |

- Add 15 g of sodium chloride
- Add dichloromethane 50 mL (2 times)
— Collect dichloromethane layer

* Soybean and hulled rice samples

- Dissolve with 30 mL of saturated n—-hexane in ACN

- Partition with 30 mL of saturated ACN in n-hexane (2 times)
— Collect saturated ACN in n—-hexane layer

Concentration |

- Dissolve with methanol/0.5% acetic acid(50/50, v/v) 5 mL
- Take 1 mL and filter through syringe filter (nylon, 0.22 um)

HPLC-UVD |

Fig. 1. Flow chart for imazapyr analysis.

0.5% acetic acid (50/50, v/v)& 343} 0.1, 0.2, 0.5, 1.0,
50 9 10.0 pg/mLe] EFEHE A SAUTE ETHY
H-8AS B ZA o] Hol 4oCe]] Batste] Aylol At

&t

10g, AL7/, HaF
Tt 10 gyS Hs]| Gof #27] &4 YaL FUF7, A
AaF 2 F7F AlFel= 60% methanol 100 mLE 7}kl 3
2 AF A8 70% methanol 100 mLE 71351 18
of|A 5E7F XSttt 2Est FE2ES AR 24
B2 7|2 celite 545 10 g& o]-&8] F2lojz3h
methanol 30 mL2 A} & &715 Aojlig] ool o9
sttt g3 oS 40°C o]aF & Aol 7Htate]
methanole 2F W d §, S/ 60 mLEF & AF
AlE2] 7% 70 mL)E B3t pH HIE71E 83 4N HCI
£ 7lste] pH 2.57F E|%=5 &t ©]5 500 mL 22w
719l €713 NaCl 15g 2 dichloromethane 50 mLE X}
2 71 3 AleA 50 Fo] ¢s] EEE wriA BA|
AlZ1 & dichloromethane®< sodium sulfate] E3A|A 7+
eSSkl v #S 23] vHstaL, o] & 40°C ©f
Fo] & dollA sks= il A AAGR 2 F

)l A ATl AAE f18] vlE acetonitrile® 3
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SIAZ1 n-hexane 30 mLE AXES 7ste] A& T 250
mL &%F] F9 offFoll £7]5L vl2] p-hexane®E E3}A]
71 acetonitrile 30 mL& .2 23] ¥u) =317 74t w3
st AXE ZFELS methanol/0.5% acetic acid(50/50,
vWE 71sle] HEES SmL7t HA ¢ F 1mLE FHs|
syringe filter(nylon, 0.22 pm)Z J3}st & A|ggAo 2 3}
Ark F= 9 ) WS Fig 19 3852 ke U

ERH AT

717124

Imazapyr 41 <] -UVDE ARS8l 31
260 nmZ &3, 717154 2712 Table 20 YERSL
o BAe] A4S SHaly] 98] LOMSE o]g-slo]
ARl om 1 21E ol Lrh(Table 3).
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e 2o Z XA (linearity), HE3HI(LOD, limit
of detection), 4 FSHA(LOQ, limit of quantification) % 3]
& AYE T3 A4 (accuracy), 424 (precision), A&
73 (repeatabilityys 5okt 2444 1S 918l imazapyr
FZ289 0.1, 0.2, 0.5, 1.0, 5.0, 10.0 pg/mLol| thgk zHz}e]
peak HA& o]&ste] AFMS eI HEFde]
A4 (coefficient of correlation, )& T3ttt HAE3HA 2
Al e ARvEIH o)A AS of 2H](SN ratio)
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Table 2. HPLC-UVD operating conditions for the determination of imazapyr residue

Instrument HPLC-UVD (Waters Alliance 2695, Waters)

Column Cadenza CD-Cy3 (4.6 mm i.d. x 150 mm, 3.0 um, Imtakt)
Mobile phase Acetonitrile / 0.5% acetic acid (12/88, v/v)

Flow 1.0 mL/min

Oven temperature 40°C

Detection Absorption (260 nm)

Injection volume 20 mL

Table 3. LC/MS confirmative conditions for the determination of imazapyr residue

Instrument LC/MS (Quattro Premier XE, Waters)

Column MGII C5 (2.0 mm i.d. x 100 mm, 3 pm, Shiseido)

Mobile phase 0.1% formic acid in acetonitrile / 0.1% formic acid (20/80, v/v)
Flow 0.25 mL/min

Oven temperature 40°C

[onization mode ESI positive-ion mode

Cone voltage 40V

Injection volume 5L

Mo 7 tEEAHES] o, A, A, v
2] A&l imazapyr EEEN S HUke & &
& AFS APsislnt. 3l4s AP AHse
(LOQ), A=FetAe] 1081 (10LOQ), 78
FFele LR FPIR oM, 717e] sk B AR o
slo] sukE o R efste] Wt 9 A ETZHXHRSD, relative
standard deviation)s AlAtste] FAWe] A Huid
2 AES Brreteh. gk, oA A Fe) kg =
ARAA ASE AAst] A4

TEY mo=

=t

Z1 o pE

=
72171480 77124 =A &

Imazapyr= n-octanol/water %4 A14(Log P,,)7}F 0.11%1
=4 SiRHEE FA AHHY)EIEIE 5 SIE carboxylic acid
9} pyridine 2 4-oxoimidazole®] ZAUA}7} g FAHA]
3}5tEolt}. 571%] 0.013 mPa (25°C)3] B3 Eo)
7] W&o GC(Gas Chromatograph) #-4Jdll= ojzlg-o] U
S Ao|EF of4d=|o] HPLC(High Pressure Liquid Chromato-
graph)E TA71712 A5t Imazapyr®] S8 94<
Aelsl7] S8l PDA (Photodiode array) <712 210 nmoll
A 360 nm7kA] 2708 A3t ANEFF I (he)l 237 nm
s 1A Th(Fig. 2). sHAIRE A EFEES o83 AU
¢ 237 nmollA] #4E Tl A3, AR oA 3
A F2E AEE og 1Mol Bl wiiel

ak BETF AEWA FES S HHBEY G
=

a0 o a0 250 =0 N0 xo0 M0 0

Wavelenth (nm)

Fig. 2. UV absorption spectrum of imazapyr.

Imazapyr= pHell W} Exjst= Jei7t t2d], #7148
e} =& TG o] 5ol e imazapyr 5 7HEHA 7]
Faxolo] slg o] o] = EAIsH Erh(Fig. 3(F)).
o] “JEl9] imazapyre H]ol /2] imazapyrol B3l Z
Hat B3 F24S 4OoA peak tailingo] LA = 9l
ou= o|s/gulol of-of Fuj Bl 7t 5 Ajdal Bwijol
acetic acidE F7}ste] 0|02 )= A& WA
(Fig. 3(E)). ZHog2e vFA s5tEe] Eao A3t
Cadenza CD-Cyg (4.6 mm i.d. x 150 mm, 3.0 pm, Imtakt)
ARS-3I S imazapyr peak®] MBS R3] 3l
acetonitrile} 0.5% acetic acid®] H]&2S 12/88 (viv)E A
kit olnf imazapyr®] HF5 A7 OFTHE E<ls
Aot

-
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Imazapyre] SEYEMY =g 9
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Fig. 3. Species concentrations varies as the difference between the pH and the pK, varies: (A) AH,

*, (B) AHy', (C) AH', (D) AH,

zwitter 10n), 2 -~ an a al 1.0, Ky 5.00, PR3 . .
(zwitter ion), (E) AH, (F) AH™ and (G) A> (pKa1 1.65, pKeo 3.66, pKes 12.70)

Table 4. Effects of solvent pH on imazapyr liquid-liquid extraction efficiency

Recovery (%)
pH
1.5 2.0 2.5 3.0 3.5
Soybean 74 83 92 74 82

_I_
for
o

_7;:_% [=1] OH _OH _E_HH }_ =
Imazapyr®] 4 & §v 48L& 98] HFaF £49)
AWk 0 2 ALg e 84 F7]-89<] acetone, acetonitrile,
methanol®. 2 imazapyr @ M= tist 5 &5 Y]
3T} Acetoned} acetonitrileS ZF 40%, 10%2] 3]
&2 H309™ methanok> 65%°] 3]F&2 BT S92
imazapyr®] A2 uwjFol] H]FA4S == acetone’} aceto-
nitrile 2.0} methanolllA] % T&°] =2 02 A3l
3L methanolol| A1) 5885 714317] 18] imazapyre]
Eo U3t & 835 7IRtsle] 5749 methanolS &
gote] FZ8H 02 ARSISIT. U, IF, A AlEe
60% methanolZ &1, 712} A&+ 70% methanolZ imazapyr
£ FE3I} IF, AEA B A9 60%2F 70% methanol
A FEa&o| ¥=F oY 60% methanolol|A] T ZrIE
239 imazapyr peak TH 7THIEZ ] F&o] A7 o]
)2 AMelsisich
T2 o EAES AAS] A8 789 e 54
=S S SR washe - BujE Fdsisith
H]S4 golloll thgh imazapayre] ) 885 E°]7] fl8ted

OFO

pHE XAsto] o]o] sfjg]s= Z1& A8kt Imazapyr
= A7 Ky 1.65, pKa 3.66, pKys 12.70)2] 28244
(PK)E EeolH, o] F imazapyr/t ©]2]%te] H= pH
1.65-3.66 = pH 1.5, 2, 2.5, 3, 3.5 thell 35§ 232
H LS THTable 4). th5 o]&a Z}7+e] pHelA 9
imazapyr®] 3585 Rl om on 71} 3FEe] =
2 pH 2.55 -9 Bl A] pHE A4S THFig. 3(E)).
Imazapyr®] 2 Hu]gn] Me-& 93] n-hexane, ethyl
acetate, dichloromethaneE E3F HujE&2 H W3S
Imazapyr7t 90% ol THiFZE &= ethyl acetateg‘r
dichloromethane®] 2121} ethyl acetate= F4hH= AlE F<]
e o] Bol FEEo w49 ofelge] A1l &l
4ul= dichloromethane® 2 A3t Sgd F= 2
) e T EE S S8 AAD o] ARnED
o E 3 FAE Asidith o, FE2 F FAEE
S FHretal e A 2dQ o 2 Avle] B —Zri

= p-hexaned} acetonitrileE ©]-&-3F EHHS 8314t}
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Fig. 4. HPLC-UVD chromatograms of imazapyr (A) standard of imazapyr 0.5, 5 mg/kg; (B) blank and recovery of soybean; (C)
blank and recovery of pepper; (D) blank and recovery of mandarin; (E) blank and recovery of hulled rice and (F) blank and recovery

of potato.

AL, ol&

3l A ] M)A (selectivity)yS % = o‘ﬁ‘i\:‘r(Flg 4).
Imazapyr®] 2’14 (linearity)S 3} 1 ¢35

0.5, 1.0, 5.0 & 10.0 ug/mLe] EFENS ixﬂ < HPLC-

UVDell F=Yste] 418 A3 FAAF)7E 0.99 o)de
2 YepthFig. 5). &9E 71714 S $3 imazapyr®]
HAHEFS 1ngelaL, olwje] A& (LOD)E 0.025

2ol AT FFEHA(LOQ)= 2nglE 0.05 mg/kgo] 2
o A" AEHE 2471719 AgeAet A s, 27
I A T FEMES AV A& Ao F

lg_g_']: %'_Zé T,‘f'__}_\j' oz 3 6‘7—-5]- /‘ZO] th.



HPLC-UVDE 0[83t sAl=

350000

300000 / -
250000 / ]

200000
< 150000 T
100000 /'/
50000 —
o =

-50000

T T T T T T T T T T T
0.00 20.00 40.00 60.00 80.00 10000 12000 14000 16000 18000  200.00
Amount

Fig. 5. Calibration curve of imazapyr standard solution.

v‘:}/}i o] A& (accuracy), A (precision), A4 (repea-
B7ksl7] 98l ZHzte] sikE FAE AlEOH
imazapyre] A, JFeA 108), A S0
21 0.05, 0.5, 2.5 mgke®] A EERE SHHE 358 APS
St B g TR ﬂ]%ow 72.1-100.0%,
=701 du)ofA 85.6-108.0%, ZAFA ZFolA 87.8-
90.7%, ZAF21 7HEollA 76.5-79.8%, AF<1 Aol 85.6-
92.0%°1 AL, FA A= BT 10% PIRte® ZHEwef ¥
HAEMHo 7 A3k Zlog o 4E S tk(Table 5). HPLC-
UVDE 01%6}04 A% 7F MRS FAE F 3]s A8
e °ﬂ A A BT
E“‘M H A BlS S8 tiA A F o] okE ek

ol

Imazapyre| SEEAH = 11

J

Table 5. Recovery results and limit of quantification (LOQ) of
imazapyr from samples spiked with solution of imazapyr

(n=5)

Fortification =~ Average £ RSD LOQ

Sample (mghkg) %) (mglkg)
0.05 83.1£73
Soybean 0.5 100.0£3.9
2.5 721117
0.05 108.0£5.0
Rice 0.5 85.6+8.0
2.5 87.1+22
0.05 87.8£5.9
Pepper 0.5 90.7£3.5 0.05
2.5 88.0+1.4
0.05 77.9+8.8
Mandarin 0.5 76.5+4.5
2.5 79.8+£2.6
0.05 92.0+7.7
Potato 0.5 86.2+5.8
2.5 85.6£5.7

Z(CV, %) E7F ZE A2l 7oA CODEX 7}o] =2kl (CAC/
GL 40, 2003)°14 > 0.01 mg/ke, < 0.1 mg/kge] 32%, > 0.1
mg/kg, <1 mg/kg?] 23%H.T} Wo} Agst Aoz 3helEg]
TH(Table 6).

LC/MSE 0|83 ol

2 AFolM ggE AU A484 R3]
{13 Al A E (confirmationyS 473 §0P°iﬁ} Imazapyri=
w2 vlell Ak aiEl(HYE & e ol o] o]23pt &

o= electro-spray ionization posmve-lon mode (ESIY)

AlZ AL

Table 6. Inter-laboratory validation results of analytical method for imazapyr in samples

ificati R + RSD (%
Sample Fortification 1 Coovery ( 6) > Average® (%) CV* (%)
(mg/kg) MFDS' (n=5) Daejeon” (n = 3)
0.05 83.1+73 107.2£8.0 95.2 17.9
Soybean
0.5 100.0+3.9 71.2+£1.7 85.6 23.8
. 0.05 108.0£5.0 1123£3.5 110.1 2.8
Hulled rice
0.5 85.6+8.0 88.4+2.0 87.0 23
0.05 87.8+5.9 86.7+2.4 87.3 0.9
Pepper
0.5 90.7+£3.5 81.8+2.1 86.3 7.3
. 0.05 77.9+8.8 104.7+£2.4 91.3 20.8
Mandarin
0.5 76.5+4.5 77.6£0.5 77.0 1.1
0.05 92.0+7.7 106.7£3.9 99.4 10.5
Potato
0.5 86.2+5.8 86.7+0.5 86.5 0.4

'Ministry of Food and Drug Safety

’Daejeon Regional Food and Drug Administration
3Recovery average of inter-laboratory
*Coefficient of variation of inter-laboratory
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Fig. 6. Full scan mass spectrum (A) and chromatogram (B) of imazapyr at 10 pg/mL.

& ARESIAAL o] 52l proton sourceZ formic acidE 3
7¥eto] Ao o] &3Sl off o] EAES HlEOoE
total ion chromatogram (TIC)¥} mass spectrum® = selected-
ion monitoring (SIM) 42 918+ #4 EAJol2S A3t
ATk Aol 261391 imazapyr H+84(10 pg/mL)S LA
gt £5(10 uL/min)E AFHE70l A T A3 A%
o] (M+H)" FElQl 262 mass 7= FRUsk3ith. o] W cone
voltage®] W3}(10~70 V)oll W2 HZ3} #4S Eaf 40V
oA imazapyr®] HthHe] peak =7t VEPES 21851
Table 39| HZ3ld ExA0Z 43S W scan mode
o] A3}9} single ion recording (SIR) mode A3}7} Ax]§
< kA thFig. 6). HF ol =7t oH BAE
S A3 wdsle 262 m/zE FA BAJol o= MASI,
ol imazapyr®] M5 AlZRS 4.0 AT}

m

=
—

re

TFollMe HU 55 A 5 imazapyre] A
SR ANt dE S AEOF,
b, dv|, 74} F9] imazapyrs methanolZ &
dichloromethane2 2 AA|3FH o &2 A ZnlE 18
ol-ggk FAl= Azt AP eAS =k A
FHA(LOD)= 0.025 mg/kgol AL B FEHA(LOQ)= 0.025
mg/kgel ATk BFELS 72.1-108.0%2 RE AR %
3 AxE Jeplidlen, A4 7F 4S5 AgM=

4o, 1

]

>

ot

ol ki
N

]_

kvl

i gl A

e &

77.0-110.1%= Vet A@RE $rEs S0 4 At
WEE FAHE A4 ek 4] Ttel=ele x8)
HAom FiHE 5 imazapyrd] HANE 91d FAHEAHL

= B89 5 9e oz BuEn.
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This study was carried out with the support of “Safety
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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