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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-ox0-2-imidazolin2-
yDnicotinic acid]= imidazolinoneAlE 3}3HEZ 20023l
American Cyanamid| 4] 7H&gh #| 4] o] (Wang 5, 2006;
Santoro 5, 1999; Beardmore &, 1991) #x W Z4= ojn]
=Rl S AAste] Aol Fad Thld oS oA
ke 713 B3 WAEAE JERITHWang 5, 2006;
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Miller &, 1997). A = thdA #x, 995, 924
&, 7RI Sl 3398 ARS-(Charles 5, 1995)=™
o] AbA oA e AR AYARE AR
AtH(Navakova, 1994). 53], E% W 2-740] A3 o]5A
T ghste] thd Al fx WAl w9 &34 o] th(Wang 5,
2006).

A2 EFA 98] (CODEX)yE 20129 E AL, &
2, AN, SRl IR, Poll imazapyro] ThEk 53]
712(MRLs)S A4} tHCAC REPI2/PR, 2012; REP13/
PR, 2013; REP14/PR, 2014). AA| imazapyre] Z-73]87]
F& U]SH(EPA, 2003, 2013, 2014)04 & thi, T, @
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93, 5, FAAR, siule IR Foll, YE(MHLW, 2014)
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e F9] imazapyrel] tigh 2
Nk imazapyre] HATHH S B,
o] imazapyrS HPLC-UVDZ #2413} 7
, ZF AlES] B4 met A0 ZEEAS Eol
Sl Ak, 715 o] &3 & ¢ FA WS ARSI

AR ZuE A gatrlolle ojE gl S
% imazapyr®] SHH#AHE 93 FHEAH
o] 7ol Q3 Aot Weiping 5, 1992; Novakova,
1994; Charles &, 1995; Wang 5, 1995).

2 AFeA = imazapyre] =2 s}eH4 JAS sl
a7k e EAEE Falste] wAkEd] A8 e
AR AzviETY A H537%7](HPLC-UVD)E ©|
&3 FAEAEE etz sisith. CODEX 7ol=2t
I(CAC/GL 40, 2003)ell whe} A ] 244, AEid, 78
DA, A, AR S Asaelen, BAEH] AElle

&

B

o
© Y
ko
o
=
u

off = off
AN

Table 1. Physicochemical property of imazapyr

ME 2y

Aot & E

Imazapyr (Table 1) ETF(99.4%)> BASF (Reg. No.
172267, BAS 693 H)ollA #|&2o} AM8-3}9 3L, acetonitrile
(ACN), dichloromethane, methanol, »n-hexane 5= HPLC
559 Z Merck (Darmstadt, Germany)ol|lA +¢)3le] A&
3 t}. Hydrochloric acid (HC1)2} sodium chloride (NaCl)
= Wako (Osaka, Japan)°ll4], acetic acid®} formic acide=
Sigma Aldrich (Buchs, Switzerland)ol|A] &g o} ARS8}
o} AR ZAQL celite 5459} anhydrous sodium sulfate=
Merck (Darmstadt, Germany)oll X 433t

SNE AR

B0 A FAE ARE T AR 49 99
WEER 74 AEwel E 2 TREAR), HRE
AR, AIER), BT olgalsch. 48 AEE
SR QB Ba) Pk SRR pesta 745}
@ & 2uE 879 gol soc] wason, 4EEA

Imazapyr %%

o 1,000 ug/mLe]

methanol 10 mLol| &3}3}

ZA|8IaL, ©]& methanol/

Property Contents
ITUPAC name 2-[(RS)4-isopropyl-4-methyl-5-oxo0-2-imidazolin2-yl)nicotinic acid
CAS No. 81334-34-1

Classification Herbicide

Molecular formula  C;3H;sN;05
Molecular weight ~ 261.3

Melting point 169-173°C (171°C)
Density 1.34 g/mL
Log P, 0.11
Vapor pressure 0.013 mPa (25°C)
pK, pK, 1.6 pK,»3.6 pK312.7
Solubility dichloromethane 8.72, toluene 0.180 (all in g/100 mL).
H,C
HsC cH,

@ N

Chemical structure /

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,




HPLC-UVDE 0[23t SAIS

| Sample 10 g |

| Filtration |

- Wash with methanol

| Concentration |

| Liquid-liquid partition |

| Concentration |

| HPLC-UVD |

Fig. 1. Flow chart for imazapyr analysis.

0.5% acetic acid (50/50, v/v)E 343t 0.1, 0.2, 0.5, 1.0,
50 B 10.0 pgmLe] FFE&HES ASIT ZEId T
FFEHe BT Ao Hof 4°Ce) Haste] Aol A

T 10g@FF % F7F AEE
F 1kgs &3l ﬁ%zﬂ 420 ymE THSEE T
10g, HL7, AafF # AF AES oF 1kge 2A 2ot
o)s Ads| gol #27] &710) ¥ FdF, A

2% 9 F5F A FE= 60% methanol 100 mLE 7182 =
F 2 AMF AFo= 70% methanol 100 mLE 7Fsle] 28
7104 5E7F AEs FEst FEES o327 24
Ne FIUZW 7R celite 545 10 g& ©o]-&3l &1}k
% methanol 30 mLZ ZA} 2 8715 Aojuy] ko] of o
¥} gt ¢zl °4°“2 40°C oja}t & AdollA FHetstod
methanolS B E&vidd SHF 60mLEFF 2 AF
AlE9] 7§ 70 mL)yE Y 0}04 pH PIEI7|E ©]&3ll 4N HCI

£ 715t pH 2.57} HEF 19t} ©]& 500 mL #4Zu)
71ell 713 NaCl 15¢ 2 dichloromethane 50 mLE =}
2 71 & Al 5o Fol €3] EelE wrkA] A
A1Z1 3 dichloromethane®< sodium sulfatel] S3A1A 7+

deEHTeTo) we A S 28] vHEElAL, ©]E 40°C ©]
ske] 8- % ] 1 AebEsE skt A AAER 2 F
)] AS AR AAE 8] g acetonitrile® F

Imazapyre| SHEAH

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

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

- 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 7~hexane (2 times)
— Collect saturated ACN in n—-hexane layer

- 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)

3}A71 n-hexane 30 mLE A& 7Fslo] Ajgal F 250

mL £ BN %o £7]3 v]g] n-hexaneCE E3}A|
71 acetonitrile 30 mLA .2 28] Eul F&3| 1Y 5=
sITh A2 ® FFES methanol/0.5% acetic acid(50/50,
vVE 7kl ASEY Ssml7t HA @ FH 1mLE 33
syringe filter(nylon, 0.22 pm)& &J3}3t & A|ggA o 2 3}

Aok F= 2 Eu) PES Fig 10 EEER 7R U
ER AT
717184

Imazapyr -41< 918 HPLC-UVDE A}g-3le] 4114
260 nm% A&}, 717154 ZAL Table 29 UEIS
o} BAo] AgAS dralr] 98] LOMSE o]&aka
AENE e 1 24 olef 9} ZHH(Table 3).

B4

de Bl XA (linearity), 7Z3H(LOD, limit
of detection), g F3SHA(LOQ, limit of quantification) 2 3]
& A9S 53 A3 (accuracy), LA (precision), A&
73 (repeatability)S S8ttt 2474 1S #3 imazapyr
EZ289 0.1, 02, 0.5, 1.0, 5.0, 10.0 pg/mLol] that Z}zbe]
peak TS o]&sto] HFHNS AL AL
Al (coefficient of correlation, )& T3 TH AEEHA &
Al e A2rtETY Aol A% o) 24| (S/N ratio)
7F 247} 3,10 oo = Sigitt. B, AR, AR, IR,

AT
dot gz

HE ol
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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 Cy5 (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

Ionization mode ESI positive-ion mode

Cone voltage 40V

Injection volume SpuL

Mol 7t sl o, 2, 7
ﬂ 2] Al5°| imazapyr _xma%" < H7pek & BAste 34
& APES JPsisinth. IrE AR Asee FHFH
(LOQ) e }7*“-4 IOHH(IOLOQ), g grdAI] 5081 (50LOQ)
sgete R Fsion, 7217t s B AR o
a}od] 5‘?}5& Feyste] Ha 2 AU EFHXKRSD, relative
standard deviation)% Axkste] EAR e Gt DA
2 AEYS Hrretdet. mgh, oA A Fe] kb o
APAT S AAsl] B S ERlsksith

any 0%

iow

27483 71712 = &H
Imazapyr= n-octanol/water %874]5*(Log P.,)7} 0.113]
=4 SFEZ A 2HHYEIRIE 4 9 carboxylic acid
9} pyridine 2 4-oxoimidazole®] ZAUA}7} E3HE ki
shgheelth. F71%¢] 0.013 mPa (25°C)R1 BISIEA =Ho]
7] W&o GC(Gas Chromatograph) F-4jol= oj&go] 3L
< Zlo|B= o Af=]o] HPLC(High Pressure Liquid Chromato-
graphys 4171712 ATt Imazapyre] SIS
Ael&t7] 98l PDA (Photodiode array) 2712 210 nmol
A 360 nm7kA] 2708 A H T (hye)©l 237 nm
e EIBATHFig. 2). SHARE A EFEES o83l T
ST 237 nmellA A4S -’F ﬂﬂ Az, A& FoAA
J ol A7) Wzl
T_S]—U% 7]-/\4%X1_/] Oﬂb‘]:o]
SR oR 2 ? el ekt

237

o 220 [\

100 |
oo o a0 20 =0 Mo X0 0 1

Wavelenth (nm)

Fig. 2. UV absorption spectrum of imazapyr.

Imazapyr= pHell Wt Exjst= dei7t oEd], #7148
e} B8 T3 o] 5l E imazapyr 5 7HEEA7]9
ol o] sfE] o] o] 2B E EASHA Erh(Fig. 3(F)).
o] 9] imazapyr= Y]] AJE] Q] imazapyrl ]3] Z
Hab Bt $22 oA peak tailinge] AT 5= 9l
ou® ofs/gulol of-of Fuj B et F el Bwiol
acetic acidE 7ot o]0 & sfjgjs= A& WA
(Fig. 3(E)). ZHo=e HF4 sgEel 2o A3t
Cadenza CD-C;5 (4.6 mm i.d. x 150 mm, 3.0 pm, Imtakt)S
AFEEIH O imazapyr peake] AEIAS R3] 3
acetonitrile3} 0.5% acetic acid®] H]&-& 12/88 (viv)& 4
A3ttt ol imazapyre] HF-E A7 9RUIE gls)
ATt
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Fig. 3. Species concentrations varies as the difference between the pH and the pK, varies: (A) AH,**, (B) AH;", (C) AH;", (D) AH,
(zwitter ion), (E) AH,, (F) AH™ and (G) A> (pKy, 1.65, pKo 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
FE R Y-HEH =A SHE pHE XAste] o] 2o sfz|x]= AL WAsIAT. Imazapyr
Imazapyr®] &% = & A8& 9l FHFaof L4 = A7 (pKa 165, pKay 3.66, pKys 12.70)9] Abale] <

ItH 0 2 AL-E= 84 7718191 acetone, acetonitrile,
methanol®. 2 imazapyr 2 7HiEH0 tist F& §&S ¥
W3} Acetone acetonitrileS ZHzF 40%, 10%2] 3|4
£5 B2 methanok 65%2] 3|4&S Bk 49
imazapyr®] A2 wl&d] H]F4E == acetone’} aceto-
nitrile2 T} methanolo|lA & §80] =& 7102 AT
31 methanolol| A 9] F28&8 7487|918l imazapyre]
Eof| 3t =& 3 =E 7ietsle] Z79 methanolS &
ot FEEN R ARRSIIT. U, ALF, A AR
60% methanolZ &v], A} AlF= 70% methanolZ imazapyr
& FE0h 3, AEAES A9 60%9F 70% methanol
A FZ=gEo| HE=F oy 60% methanolol|r] TZrLE
2319 imazapyr peak T 7THIEZ 2] o] 3710 o]
£ FE8E J939
=9 Fo] TMEZEE AA] fal 78 del 54
S HEA S Rulske o EulE st
d vl th3t imazapayre] Ul E&S =017] 95t

(PK)E Kol o] 5 imazapyr7} ©]29%to] HE pH
1.65-3.66 = pH 1.5, 2, 2.5, 3, 3.5 thal} 3|58 A4=
H W3l THTable 4). thFE o83 ZH2ke] pHelx€]
imazapyr®] 3555 RIsom ol 7HF 3|¢Eo] =
2 pH 2.55 -9 Fu) A] pHE A4S THFig. 3(E)).
Imazapyr®] 2 &H]gn] MeS 93 n-hexane, ethyl
acetate, dichloromethane® 3+ Hwja&S H| w3}
Imazapyr7t 90% ol ZHlFZE &= ethyl acetate®t
dichloromethane®] 2121} ethyl acetates F4HE A& 59
HEdol ol F2Eo] 49 ofglgo] U7l Eny
2ul= dichloromethane® 2 ZAA3I5 T HE F& 2
] e T EA S SE6] AIAT F Slo] A=rtED
5o AAl= Atk o, F2d F FALE
< Freta e AWA A i B dAvle] As F=

Al ThgEe FARC] FAlY FEH w5 F Tzl
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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.

i lmazapyrg} E?J_‘?P ‘ﬂT
& ARkl ZHdE ol %—ZHEP‘] e IS, o5
Saf) A ] AelA (selectivityyS B9l 5= AUATHFig. 4).

Imazapyr®] 21514 (linearity)S 78171 €3k 0.1, 0.2,

0.5, 1.0, 5.0 2 10.0 pg/mLe] FFEHS 24| & HPLC-

UVDel| F=ste] A5 A3t A

2 YebgthFig. 5). - 717 ]*E"ﬁl“d%: &5t imazapyr<]
HAaAZEE 1nglL, olwje] HESHAI(LOD)= 0.025
mg/kgol ATt AHFHA(LOQ)= 2ng®E 0.05 mg/kge] 3
ot 2EE FEFdAle EA71719] Bl A s, 28
I BN Fo] wEES Al AkEe Zle =
T FHEAN R AH3ts oAt

(7YY 0.99 o)ife

[e]
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Fig. 5. Calibration curve of imazapyr standard solution.

AR 9] A 84 (accuracy), B4 (precision), A3/ (repea-
tability) 5= %7kst7] 918 247te] ke FAE Al
imazapyre] A &3HAl, A 108], FHFSA S0 =
2l 0.05, 0.5, 2.5 mg/kg®] HEFERE SHHE 358 AHS
T3t Bt g2 TR EHToﬂ/ﬂ 72.1-100.0%,
S A=20} 6411101]/\1 85.6-108.0%, A7 LFo)4] 87.8-
90.7%, ZFLF ZgelA 765 79.8%, A15<1 ZAL A 85.6-
92.0%01 A, B BF 10% v e et 3
AEAgoz A Aoz oql*PHOit}(Table 5). HPLC-
UVDE °ol&3t] 243k 7k Al5e] F42] ® s)g A=
vlE 132 Fig. 490 A ASFATE.

Inﬁ

{o o

A A SRS sl oA A o) okEed A
FalEdge} AHATE AS5S AT st B
S ARG F o FEobA Y o) Al gl FUS WHOR
B8 238 & 38 9 EAAE vl oA
A Al ook EebdAe] 7+ s HiF 358 T1.2-
112.3%0] 3L EFHXE 10%E 1|Pko g ZALE AT F A
A7 3|8 Aol WE HFghS 77.0-110.1%, HolA

i

Imazapyr®| SY2MY =2 1

J

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

(n=5)

Sample Fortification ~ Average + RSD LOQ
(mg/kg) (%0) (mg/kg)
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

42(CV, %) T3k BE A2 TollA CODEX 7lo| =2kl (CAC/
GL 40, 2003)°14 > 0.01 mg/kg, <0.1 mg/kge] 32%, >0.1
mg/kg, < 1 mg/kg®] 23%Ert Sol Aghst 2102 gRlx
CT}H(Table 6).

LCMSE 0|88 H&tel

2 LA SgE B HAA AFAS FH5H)
Qs A& A E (confirmationyS G35 Imazapyr=
TAF el A sizl(H)y2 5 e ol 9lof o|23PF &

O]3lELZ electro-spray ionization positive-ion mode (ESI")

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

i i Recovery + RSD (%
Sample Fortification : very ( 0) . Average® (%) CV* (%)
(mg/kg) MFDS! (n=5) Daejeon’ (1 = 3)
0.05 83.1£73 107.2£8.0 952 17.9
Soybean
0.5 100.0£3.9 71.2+£1.7 85.6 23.8
. 0.05 108.0 £5.0 112.3£3.5 110.1 2.8
Hulled rice
0.5 85.6 £ 8.0 88.4£2.0 87.0 2.3
0.05 87.8£59 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
*Recovery 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.

£ ARSIl o5/l proton source® formic acidE 3
7hsted Aol ol &siith. offe] BAHxAE nEoR
total ion chromatogram (TIC)¥} mass spectrum® = selected-
ion monitoring (SIM) 42 918 HA EAJol2S A3t
ATk Aol 261.3¢] imazapyr E52%(10 pg/mLyS LA
o £5(10 ub/min)E A&7 A5 9% 23 dF
o] (M+H)" FEIQI 262 mass 7= 1ttt o] o cone
voltage®] ®s}(10~70 V)l W H#3t HFE& T3l 40V
oA imazapyre] )] peak =7t UEFES Belsisit)
Table 39| HZ3ld EXxACcE BXM3S v scan mode
o] A3} single ion recording (SIR) mode A7} L8t
S A h(Fig. 6). HA ol THErt oW BAF
< A4 Wrgshe 202 m/zE A SAolRoE AL,
olu| imazapyr®] M5 A7 4.0%0] AT}

] 455 A T imazapyre] HAF
HE s dE ke AEOF,
Au), 72} 59 imazapyrE methanol2 5%
dichloromethane® 2 A5} o S22+ I 2nlE T
o] &3 HAl= At AP 8845 = A
A (LOD)= 0.025 mg/kgel 3L 8 A (LOQ)= 0.025
mg/kgo] ATk, B|FEL 72.1-108.0%F EE FAHEOA %
33 AFRE Yepislen, A34d 7+ A% AN =

2n 3

77.0-110.1%= VYept A E 78S gRIE

e B FAT AR5

HRom FiE F imazapyre] AA

= 88 5 98 Ao BeEn,

1=
2y

i

=1
=

A

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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